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UNIT 1:
NUMBERS, QUANTIFICATION AND NUMERICAL APPLICATIONS

GIST OF LESSONS

Modulo Arithmetic  : Introduction to modulo operator, Modular addition and subtraction
Congruence Modulo : Solution using congruence of modulo

Alligation and Mixture: Meaning and application of rule of alligation, Mean price of a mixture
Boats and Streams : Problem based on speed of stream and speed of boat in still water

Pipes and Cisterns : Calculation of the portion of the tank filled or drained by the pipes in unit time

Races and Games : Calculation of the time taken/ distance covered speed of each player
Numerical Inequalities Comparison between two statements/ situations which can be Compared
numerically, algebraic in equations

DEFINITION AND FORMULAE:
Modulo Arithmetic:
Eucliddés Division Lemma:
For integers =as{ 4w hereniyéa nweé<qd Ov e
Modulo Arithmetic is the arithmetic of remaindedsr] = ML= »
Wheremod(modulo) gives the remainder after a is divided by b
Note: 1.4 € '@=0
2. If a<b, therdd £ '@=®
Properties
1.amod b = (a + kb) mod b; where k is any integer
2.(a+ b)modc=(amodc + bmodc)
3. (a- b) mod ¢ = (a mod €b mod c)
4. (a x b) mod ¢ = (amod ¢ x b mod c)
Congruence Modulo:
Two positive integerand b are said to be congruence modmd a andb satisfy the
Following conditions:
i) (a-b) is divisible bym
i) amod m =b mod m
Notation used for ocfeoén®@r uence modul o i s:
Property 5: If a [ b (modm) wherea, bandm are positive integers thenak [ bk (modm)for any
positive integer k.
Allegation and Mixture:

Alligation means mixing two or more ingredients in some ratio.
. 88
Ratio (Y) = 3 =

Repeated dilution:
Suppose a vessel contains O06x06 units of a |Ii

Quantity of Liquid |Ieft afaler 6nd number of

________________________________________________________________________________________________|
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Where,ad Originalamount,T takenoutand i Number of ti mes

Boats and Streams:

Stream: Flowing water in a river or canal etc.

Still water: When water is stationary i.e. speed of water is zero.

Downstream: When boat rows in the direction of the stream.

Upstream: When boat rows opposite to the direction of the stream .

Let the speed of the boat in the still watexb®ti and sped @fQbt.h eT hsetnr e am
1. Downstream Speed)=(x+® ) Qd and Upkedl) =@ h)Qdy

2. Speed of Boat =—— and Speed of Stream—=—

Average speed—= =
Pipes and Cisterns

Inlet pipe : A pipe connected to a tank or cistern which fills it is known as inlet pipe
Outlet pipe or Leak: A pipe connected to the tank which drains or empties it is known as outlet

pipe.

When a tank is connected to many pipes (inlets and outlets), then the difference between the g
of the work done by inlets and the sum of the work done by outlets gives the filled part of the ta
Let a pipe fill a tank in x number of hours, and then it canfill portion of the tank in one

hour.
If a pipe can empty a tank in y number of hours, then it can empty oyportion of the tank in

one hour.
The portion of tank they can fill together in one hour = -

If a pipe fills-0 part of a tank in 1 hour, then th

completely is x hours
Two pipes can fill a tank in x and y hours respectively. If both the pipes are opened

simultaneously, then time taken by both the pipes to fill the tank = hours.
If two pipes A and B together can fill a tank in x hours and the pipe A alone can fill the tank in y,
hours, then time taken by pipe B alone to fill the tank—= hours.

If a pipe A can fill a tank in x hours and a pipe B can empty the full tank in y hours (where y > x
then net part filled in 1 hour =—

If a pipe A can fill a tank in x hours and a pipe B can empty the full tank in y hours (where x >y
then net part emptied in 1 hour =

Three pipes A, B and C can fill a tank in x y, and z hours respectively. If all the three pipes are
opened simultaneously, then time taken by all the pipes to fill it is=—— hours.

If two pipes are filing a tank at the rate of x hours and y hours respectively and a third pipe is
emptying it at the rate of z hours, then in one hour the part of the tank filed—=--  hours

Time taken to fill the tank is =——

Races and Games:
Race: It is a competition in which participants try to cover a fixed distance in the least possible
time.
I —————————
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1. If 200k x (mod 7) then the least positive value of x is

3. If a man rows 32km downstream and 14km upstream in 6 hours each, then the speed of the stream ig

Race course: A path on which a race takes place is called a race course e.g. Ground, road,
swimming pool etc.

Starting point: A point from where the race starts.

Finish point or Winning point or Goal: A point where race finishes is called finish point or
winning point or goal.

Winner: A person who first reaches the finishes point is called winner.

Deadheat: Ifall theparticipants reacthe finish point at the same instant of time, then this
situation is called dead heat

Suppose X and Y are participating in a race.

AX gives Y a start of xXx meterso means Y st
AX gives hiauseaot means X will start t min
AX beats Y by xXx meterso means when X reach
AX beats Y by t minuteso means Y finish t
by Xx met er gnetarqibehint X and fmishtrazsestidutesie a n

AX beats Y

after X.

A game of 100 means that the person among the participants who scores 100 points first is the
winner.

AX beats Y by 25 pointso or AX can give Y
75points (10e25).

Numerical Inequalities:
Any two real nunib@rf amrsma cn wmmerdi dal, iOnequal
If &, b are positive numbers and AM and GM are their arithmetic mean and geometric mean
respectively,

thend 0=—a ¢ Q= ¢ad
6 0T 'Ob=—T & G———= ( & a¥2500)
=J'IO'"M

MULTIPLE CHOICE QUESTIONS

(@ 2 (b) 3 (c) 6 (d) 4
Answer (a)

Solution: 100-x is divisible by 7

e Least positive value of x is 2.

. 20 liters of a mixture contains milk and water in the ratio 3:1. The amoumitq, in liters to be added
to the mixture so as to have milk and water in the ratio 4:1 is

€)) 7 (b) 4 (c)5 (d)6

Answer (c)

Solution: Total volumeof the mixture = 20 liters
Ratio = 3:1=3+1 =4

Quantity of water = 20 =5 litres

________________________________________________________________________________________________|
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6. The last (unit) digit of (22 is

7. The least nonegative remainder whei®3s divided by 7 is

(@  2km/h (b) 1.5 km/h (c) 2.5 km/h (d) 2.25 km/h
Answer (b)

Solution: speed of downstream (x+y)==— Q)
Speed of upstream{R =—=- (2)

(1)- (2), we get

y=3/2= 1.5 km

. Pipes A and B can fill a tank in 5 hours and 6 hours respectively. Pipe C can empty it in 12 hours. If all
the three pipes are opened together, then the time taken to fill the tank is

@) 2 hours (b) 2- hours (c) 3 hours (d) 3— hours
Answer (d)

Solution: Part of tank filled by pipes A,Band C=+--—=—

(b)  time taken to fill the tank is = = 3— hours

. In what ratio must rice at Rs 69 per kg be mixed with rice at Rs 100 per kg so that the mixture is worth
Rest 80 per kg?

(a) 11:20 (b) 11: 10 (c) 20:11 (d) 10:11
Answer (c)

Solution: Ri ce at 69: rBoOé 6&Ht =1@M®:42110071 80

(@ 2 (b) 4 (c)6 (d)8
Answer (c)

Solution: wefind (22)*? (mod 10)

22 2 (mod 10)
22°k 2*(mod 10), 22k 16 (mod 10)
22k 6 (mod 10), (29°k 63 (mod 10)
(22)?k 6 (mod 10), last digit of 22is 6.

(@ 4 (b) 3 (c) 2 (d)1
Answer (c)

Solution: 3k 3 (mod 7)
3%k 2 (mod 7)
3*k 2* (mod 7)
3*k 2 (mod 7)

________________________________________________________________________________________________|
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(3%%k 2°(mod 7)

3%k 1(mod 7)

(3*%?k 1 (mod 7)

3% 32k 9 (mod 7)

3%k 2 (mod 7)

When 3% are divided by 7 remainder is 2.
8. The value 0of70 mod 13 is

@ 5 (b)-5 (c)8 (d)-8
Answer (c)

Solution: -70k 8 (mod 13)C0 r b

-70 mod 13 =8

9. The number at unit place of numbet#&

@ 1 (b) 3 (c)7 (d)9
Answer (b)

Solution: we find 1723 (mod 10)

17k 7 (mod 10)

172k 7% (mod 10), 17 k 9 (mod 10)

(172¢ k 9 (mod 10), (11 k 1 (mod 10)

17%k 1 (mod 10)

(17)*2°172 k 289 (mod10)

(17)*??k 9 (mod 10)

(17Y%2k 9 x 17 (mod 10), 17128153 (mod 10), 123k 3 (mod 10)

10. In a 100m race, A can give B a start of 10m and c a start of 28m. How much start can B give to C in
same race?

(a) 18m (b) 20m (c)27m (d) 9m
Answer (b)

Solution: when A runs 100m, B runs (14®M) = 90m
When A runs 100m, C runs (18) =72 m
When B runs 90m, C runs = 72m

When B runs 100m, C runs= 100 =80m
ThusB give a start of C by (16@0) =20 m

________________________________________________________________________________________________|
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11. A milkman mixed some water with milk to gain 25% by selling the mixture at the cost price .The ratio|of
water and milk respectively, is
(@ 5:4 (b) 4:5 (c) 1.5 (d)1:4
Answer (d)
Solution: C.P. of milk = S.P. of mixture = Rs x

C.P. of mixture = S.P (100/125)=x, C.P.of water = Rs 0
Water: Milk = (x-X): -x=-x:-x =14

12. A motor boat can travel in still water at the speed of 15 km/h, while the speed of the current is 3 km/h.
Time taken by boat to go 36 km upstream is
@ 2h (b) 3h (c)12h (d) 18h
An (b)
Solution: speed of upstream = {3b=12km/h
. Time taken by boat = =3 hours

13. In a game of 600 points, A scores points 407 points while B scores 307 points. In this game, the poin
given by Ato B is

~—+

(@) 105 (b) 200 (c) 100 (d) 150
Answer (c)
Solution:
(Total score points = 600
A scorebs = 407
B scorebés = 307
CA give (4077 307) = 100 points to B.
14. The solution set of the in equatiok#t2” O 5 i s
@ (7.9 (b) [-7,3] (c) [-5.5] (d) (7.3)
Answer (b)

Solution:-5 x+2 5
-7 x 3 W) [-7,3]
15. If x >y and z<0, then
(@ x>z (b) y O z (€)->- (d)-<-
Answer (d)
Solution:it is given that x >y, z <0
& —-<-
16. If &3>0, xV R, then
(@ xV[-1D) b)yx(¢1, b ) (E)x0(-b-1) @dx¥(D-1]
Answer (b)
Solution:"w p~ 0, x+11 0
ex"(-1, D)
17. (62 +53) mod 7 is equal to
(@) 3 (b) 5 (c) 7 (d)9
Answer (a)
Solution:62k 6 (mod 7)
53k 4 (mod 7), 62+5&% (6+4) (mod 7)
62+53k 10 (mod 7) , 62+58 3 (mod 7)

So, (62 + 53) mod7 =3
|
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18. The system of linear in equations2X0 3  eBrrElhassolution
@ (2 ,b O 28 (c ) (8, (@W)tb ,8)
Answer (c)
Solution: 2x 4,x 2
X>8¢ xN( 8, D)

19. In a 700m race, Amity reaches the finish point in 20 seconds and Rahul reaches in 25 seconds. Amity
beats Rahul by a distance of

(@ 120m (b) 150 m (c) 140m (d) 100m
Answer (c)
Solution: Speed of Rahul= =28 m/s

Distance covered by Rahul in (2B) =5 seconds = 2& =140m
Amity beats Rahul by 140m

20. Two pipes A and B together can fill a tank in 40 minutes. Pipes a twice as fast as pipe B. A alone can fill
the tank in

€)) 1 hour (b) 2 hours (c) 80 minutes (d) 20 minutes
Answer (a)

Solution: B alone fill tank in x minutes.

—_ = —

- =—,x=120

A can alone fill tank 120/2 =60 minutes =1 houir.

ASSERTION -REASON TYPE QUESTIONS

Directions In the question number 1 and 10, a statement of Assertion (A) is followed by a statement of
Reason (R). Choose the correct option.

(a) Both A and R are true and R is the correct explanation of A
(b) Both A and R are true but R is not the correct explanation of A
(c) Alis true but R is false

(d) A jess false but R is true

1. Assertion (A): -62 mod 1% -2
Reason (R))amodbkr , where r is remaindehb. when a is d|iv
Answer: d
Solution: -62 (mod12k 10 , Assertion is false and Reason is true.

2. Assertion (A): If 60 k 4 (mod m), then possible values of m are 2,4,7,8,14,28,56. )
Reason (R):If ak b (mod n), then-® is an integral multiple of n, wheréh, n O1.

Answer c
Solution: 60k 4 (mod m), 6&4 is divisible by m; m is a divisor of 56. m=2, 4, 7, 8,14,28,56
Reason is false. (Because lka (mod n),thend® i s an i ntegr al mul tipl el o

3. Assertion (A): Last two digits of the product 482 X 307 are 74.

________________________________________________________________________________________________|
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Reason (R: If ak b (mod n) and & d (mod n) then ak bd (mod n).

Answer: a
Solution: 482 307k 82 7 (mod 100k 574 (mod 100k 74 (mod100)

4. Assertion (A): Two different qualities of rice costing Rs 100 per kg and Rs 120 per kg are mixed in the
ratio 2:3. The price of mixed quality is Rs 112 per kg.
Reason (R):Mean price: Wpz1 +W2p2 1 W1 +W>

Answer: a

Solution: cost of Rs 100 per kg price = Rs 200x
Cost of Rs 120 per kg price = Rs 360x

Total quantity = 5x

Price per kg of mixed rice =—=Rs 112

Mean price =—— = Rs 112

5. Assertion (A): If [xT 5| <2 xV R, then x¥ [3, 7].
Reason (R) |x| < a, iffi a<x<a

Answer : d
Solution :
(d) We know, |x|] <a,théha<x<a
Now, |XT 5] <2
t -2<Xx15<2t 3<x<7
CxN (3,7)
Assertion is false and Reason is true.
6. Assertion (A) If a is any positive real number, thd&d -0 2 .

Reason (R)Let a, b be distinct positive real number, tt— O aab.

Answer (a)
Solution: )
Assertion using the inequality AM O GM, we ge
w P
W -
B R
C ()
P . P . P
o = L o L
C ©wn PTOE S

Hence, Assertion and Reason both are true and Reason is correct explanation of Assertion.
7. Assertion (A) The ratio of copper and zinc in brass is 13: 7. In 100 kg of brass, there is 332ikg.

Reason(R) =
Answer: (b)

KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 8




Solution:

Assertion Let the quantity of copper and zinc in brass is 13x and 7x respectively. Total quantity of bra

13x + 7x = 20x.
According to the question,
20x =100 x=5
Quantity of zinc =7 x 5 = 35 kg
Hence, both Assertion (A) and Reason (R) are true but Reason (R) is not the correct explanation of
Assertion (A).
8.Assertion(A) A shopkeeper mix two types of oranges
to get a mixture at 40 per kg in the ratio
Reason (R)Let the price of cheaper ingredient is denoted by ¢ and price of dearer ingredient is

denoted by d and we mix these two types of ingredients in some ratio to produce a mixture at desired

price, theréore

Answer: (d)
Solution:Assertion Ratio of quantity of 2 types of oranges

Hence, Assertion is false but Reason is true.
9. Assertion (A)If 2x + 1 <|2x + 1|, X R, then x¥ (-b —).
Reason(R) x| O |y| iff x] O y].
Answer (b)
Solution:
Assertion Given,
2x+1<|[2x + 1|
t 2x+1<0E x<|x|,iff x<OQ]
t 2x<-1
b X<T—
Hence, the solution set i) ,—)
Hence, Assertion and Reason both are true but Reason is not the correct explanation of Assertion.

10. Assertion (A) A can run a kilometer in 4 min 50 s and B in 5 min. Then, A must give 10 s starts to B in]

kilometer race, so that the race may end in a dead heat.
Reason(R)YA can give B a start of t min means t
starting point and both A and B reach the finishing point at the same time.
Answer. (a)
Solution:

Assertion A runs 1000 m in 290 s and B in 300 s. For the race to end in a dead heat, A and B must ré

the goal at the same time i.e. in 290 s. So, A must give 10 s starts to B.
Hence, Assertion and Reason both are true and Reason is the correct explanation of Assertion.

VERY SHORT ANSWER TYPE QUESTIONS

1. Two runner A and B complete a 100 meters race in 36 seconds and 48 seconds respectively,
By how many meters will a defeat B?
Solution:A beats B by 12 seconds.
Distance covered by B in 12 seconds= 12 = 25 metres
I —————————
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.Aruns t times fast as B. If A gives B a start of 80m. How far must the winning post be so that A and
might reach it at the same time?

Solution:Ratio of speeds of A and B=1=5:3

2 m are gained by B in a race of 5m

1m are gained by B in a race 6fm

80m will be gained by B = 80 = 200m

Winning post is 200m away from starting point

. In a 100 meters race. A, B and C get the gold, silver and bronze medals respécfively.
Beats B by 100 meters and B beats C by 100 metens by how many meters does a beats
Cc?

Solution:A: B =1000:900 and B: C = 1000:900

A beats C by (100810) = 190 m

. In a game of 100 points, A can give B 20 points and C 20 points. Then, how many points B can give G~

Solution:A: B =100:80 and A: C = 100:72

B can give C 10 points

. In a game A can give 15 points to B, A can give 30 pints to C and B can give 20 points to Chow many
points make the game?

Solution:Let A scores x points, B scores1%) points and C scores-80) points

Also B scores x points, C scoresZR) points

—=——,x=60

60 points make the game

. A pipe can fill a cistern in 6 hours. Due to leakage in the cistern is just full in 9 hours. How much time {
leakage will take to empty the tank?

Solution:Part of tank filled by cistern in 1 hour=
Part of tank emptied by leakage in 1 hour =

AT.Q - -- =— .Time taken by leak to empty it = 18 hours

. Two pipes A and B together can fill a tank in 6 minutes. If pipe A takes 5 minutes less than B to fill the
tank, find the time taken by pipe B to fill the tank alone.

Solution: Let, pipe B fill the tank in x minutes, then pipe a fill the tank #¥b))minutes

- +— =-, x =15 minutes

Time taken by pipe B to fill the tank alone = 15 minutes

. Two pipes A and B can fill a tank in 24 minutes and 32 minutes respectively. If both the pipes are ope
simultaneously, after how much time should be closed so that the tank is full in 18 minutes?

Solution: letB closed after = x minutes

Part of tank filled by A and B in x minutes= x{ +— =—

________________________________________________________________________________________________|
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Part of tank filled by A in  (18x) minutes =—
AT.Q.
—+— =1,x=8

B should be closed after 8 minutes.

9. Pipe A can fill the tank 2 times faster than pipe B. If both pipes A and B running together can fill the tank

in 24 minutes, find how much time will pipe B alone take to fill the tank?
Solution:Let, pipe B fill the tank in x minutes, then pipe a fill the tank-)nninutes

—4-=— ,x=T72

Time taken by pipe B to fill the tank alone = 72minutes
10. A man rows 15 km upstream and 25km downstream in 5 hours each time. What is the speed of the

current?
Solution: Let speed of still water = x km/h, speed of current =y km/h

Speed of downstream (x + y)»==y>5, speed of upstream-{§ = — =3
Speed of current =1 km /h

11. A boat rows a distance of 12 km downstream at13km/h and cover the same distance upstream at 7km/h.

Find the average speed of the boat.
Solution:Average speed = = = 9.1 km/h

12. A person can row a boat 5 km an hour in still water. It takes him thrice as long to row upstream as to
downstream. Find the rate at which the stream is flowing.
Solution:let rate of stream = x km/h
Speed of upstream =-§ km/h, Speed of downstream = (5+x) km/h
AT.Q 5+x=3 (%), x=2.5km/h

13. A boat goes 6 km in an hour still in water. It takes thrice as much time in covering the same distance
against the current. Find the speed of the current.
Solution: speed in still water = 6 km/h, speed of current = x km/h
Speed against the current = 6/3 =2 km/h
AT.Q 6 x=2,x=4km/h, speed of the current =4 km/h

14. A man can row 7 km per hour in still water. If the stream is flowing at the rate of 5km per hour, it take

him 7 hours to row to a place and return, how far is the place?
Solution: let distance of place =x km, speed of still water = 7 km/h, speed of current =5 km/h

Speed of downstream = 12 km/h, speed of upstreanb¥£2 km/h
ATQ —+-=7,x=12
Distance of place = 12 km

15. A man can row-/km/h in still water. If in a river running at 1.5 km per hour, it takes him 50 minutes to

row to a place and back, how far off is the place?
Solution:let distance of place =x km, speed of still water = 7.5 km/h, speed of current = 1.5 km/h

Speed of downstream = (7.5 +1.5) = 9 km/h, speed of upstream-£.%57 56km/h
ATQ -+-=- ,x=3
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16.In what ratio must a grocer mix two varieties of sugar worth Rs.60 per kg and Rs.65per kg respective
that by the selling the mixture at Rs.68.20 per kg, he may gain 10%.

Solution:C.P.of 1kg mixture = Rs (68.20—) = Rs 62

Required Ratio = 3:2
17.In what ratio water must be added to dilute honey costing Rs.240 per liter so that the resulted syrup W
be worth Rs.200 per liter?

Solution: C.P of water = Rs 0,

Required Ratio = 1:5

18. A container contains 50 liters of milk. From this container 10 liters of milk was taken out and replacec
water. This process is repeated two more times. How much milk is now left in the container?
Solution:quantity of milk in the container = 50 liters

Quantity of milk left in the container after 4 processes of dilution 5550 — litres

— , X= 25.6 litres

19. Cost of two types of pulses is Rs.55 per kg and Rs.90 per kg. If both the pulses are mixed together i
ratio 2:3, what should be the price of the mixed variety of pulses per kg?
Solution: C.P of mixture = Rs X,

= =- ,X=76
C.P of mixture = Rs 76

y SO

oulc

| by

N the

20. A merchant has 1000 kg of sugar, part of which he sells at 8% profit and the rest at 18%profit. He gains

14&%on the whole. Find the quantity sold at 8% profit?

. =} b
Solution: = =-,

P P
Ratio =2:3, Quantity of sugar = 1000kg
Quantity sold at 8% profit= 1000- = 400 kg
SHORT ANSWER TYPE QUESTIONS

1. A vessel contains a mixture of two liquid P and Q in the ration 5:7.12 liters of mixture are drawn off frd
the vessel and 12 liters of liquid P is filled in the vessel. If the ratio of liquid P and Q now becomes 9:7
how many liters of liquids P and Were contained by the vessel initially?

Solution:Let initially liquid P =5x liters and initially liquid Q = 7x liters

Quantity of liquid P left in the mixture = 5% 12 = (5x5) litres, Quantity of liquid Q left in the
mixture = 7x- — 12 = (7x%7) litres

After mixing 12 litres of liquid P, Quantity of liquid p = (8¢12) = (5x +7) litres , Quantity of liquid Q
= (7x-7) litres

ATQ —=- ,x=4
Initially liquid P =5 4 =20 litres and initially liquid Q =74 = 28 litres
2. Two vessels A and B contain milk and the water in the ratio 5:2 and 8:5 respectively. In w

ratio mixtures from two vessels should be mixed to get a new mixture containing milk and water in the

ratio 9:47?

I —————————
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Solution:Let the C.P. of milk = Rs x
Milk in 1 L mixture in A=- L C.P.of 1 litre mix in A=w

Milk in 1 L mixtureinB=— L C.P. of 1 litre mix in B =

Milk in 1 L mixture of A and B =—
C.P. of 1 litremix in A C.P. of 1 litre mix in B

Mean Price—x

- T

Required Ratio = : — =7:2

3. From a container full of milk 8 liters are drawn at then filled with water. This process is repeated three
more times. The ratio of the quantity of milk left in the container and that of water is 16:65. How many
liters of milk did the container hold ginally?

Solution:Let the quantity of milk in the container = x litres

Quantity of milk left in the container after 4 processes of dilutiong x - litres

ATQ. ——— =— | p - =- , p - =- ,x=24litres

4. A bottle is full of Dettol. Ong¢hird of its Dettol is taken away and an equal amount of water is poured int
the bottle to fill it again. This operation is repeated three times. Find the final ratio of Dettol to water in
the bottle.

Solution:Let the quantity of Dettol in the bottle = x mL and quantity of Dettol replaced by water =y mL
y=-
Quantity of Dettol left in the bottle after 3 processes of dilutionpx - =x p -

O

Amount of water in the bottle =x x p -
ATQ. xp - :=x-xp - ,—:[1-—]
Required ratio  8: 19

5. A milkman has two cans. First containing 75% milk and rest water, whereas second containing 50% milk
and rest water. How much mixture should he mix from each can so as to get 20 liters of mixture, such| the
ratio of milk and water is 5:3 respectively?

Solution: first can = milk: water = 75%: 25% . Second can = 50%: 50%

Quantity of milk in first can =—=- , Quantity of milk in second can= =— =-

Mixture = milk: water = 5:3 , Quantity of milk in mixture-=

________________________________________________________________________________________________|
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Firstcan - =- / Second can=
/ e =
Required Ratio= :- =1:1

20 L mixture contains 10 L water and 10L milk

. Two pipes P and Q can fill a tank in 60 minutes and 30 minutes respectively. Third pipe R drains 5 liters

of water per minute. If all three pipes are opened it took 2 hours to fill the tank. Find the capacity of th¢
tank.

Solution:
Pipe A can fill the tank in 60 min  ; Pipe B can fill the tank in 30 min
Time taken to fill the tank by (A+B+C) = 2 hours = 120 minutes

Let, Time taken by pipe R to drain the tank = x
ATQ —+—-- =—

—t—-— =-  x=24

In 1 min pipe R drain 5 litres

In 24 min pipe R drain 5 x 24 = 120 litres
So, the capacity of the tank = 120 litres
. A ' man make twice as long as to row a distance against the stream as to row the same distance in the
direction of stream. Find the ratio of speed of man in still water to the speed of stream.
Solution:speed of boat in still water = x km/h, speed of stream =y km/h

A.T.Q. Time taken by upstream = 2 time taken by down stream

— =2 — ,2(xy)=x+Yy,x=3y
Speed of man in still water: speed of stream =x:y =3y: y=3:1
. A cisterncan be filled by two pipes A and B in 12 minutes and 15 minutes respectively. Another tap C

empty the full tank in 20 minutes. If the tap C is opened 5 Minutes after the pipes A and B are opened
find when the cisterns becomes full?

Solution:Part filled by pipe an in 1 minute=
Part filled by pipe B in 1 minute =
Part filled by pipe C in 1 minute=

________________________________________________________________________________________________|
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Part filled by pipe A and B in 5 minutes =5-+—) =-
Unfilled part of tank =
Portion of cistern filled A, B and C in 1 minute=+ — - —=—

— Of the tank will be filled in= 10 = 2 minutes 30 seconds

9. Two pipes can fill a tank in 15 hours and 12 hours respectively and a third pipe can empty it in 4 hours. If
the pipes be opened in order at 8.A.M, 9.AM and 11.A.M. respectively at what time the tank will be
emptied.

Solution:Let the tank be emptied in x hours after 8 A.M
Work done by A in x hours, by B in{X) hours and C in ¢8) hours =0
—+— -— =0 ,X=—
Tank will be emptied in 6 hours 40 minutes after 8 A.M.
Tank will be emptied at 2:40 P.M.
10. Three pipes A, B and C can fill a tank in 6 hours. After working at it together for 2 hours, C is closed and

A and B can fill the remaining part in 7 hours. Find the number of hours taken by C alone to fill the tank
is?

Solution:part filled by (A+B+C) in 2 hours = 2 =-

- Part is filled by (A+B) = 7 hours

Whole is filled by (A+B) =7 -=—hours

Part filled by Cin 1 hour = -—=—  CC alone can fill it in 14 hours.

~

11 .Two pipes A and B can fill a tank in 20 minutes and 60 minutes respectively. There is an outlet pipe C at
the bottom of the tank. If all three pipes are opened together it took 40 minutes to fill the tank. Find the
time taken by outlet C to empty thdlftank working alone.

Solution:Let, the time taken by C to empty the tank =t

Tank filled by pipe an in 1 min =

Tank filled by pipe B in 1 min =

ATQ. —+—-- =—
—+—-— = =24

Time taken by C to empty the tank = 24 minutes
12. Amotorboatwhose speed is 18km/h in still water takes 1 hour more to go 24 km upstream than to return

downstream on the same spot. Find the speed of the stream.

Solution:speed of motor boat in still water = 18km/h, speed of stream = skim/h

Speed of upstream = (28 km/h, speed of downstream = (18+x) km/h

A.T.Q — -—— =1, x=6, speed of stream = 6 km/h

________________________________________________________________________________________________|
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LONG ANSWER TYPE QUESTIONS

1. A cistern has three pipes A, B and C. Pipes A and B is inlet pipes whereas C is an outlet pipe. Pipes A anc
B can fill the cistern separately in 3 hours and 4 hours respectively, while pipe C can empty the
completely filled cistern in 1 hour. If the @p A, B and C are opened in order at 5, 6 and 7 a.m.
respectively, at what time will the cistern be empty?

Solution:Let the cistern be emptied in t hours after 7 a.m. then pipe A fill cistern for (t+2) hours and pipe
B fill cistern for (t+1) hours and pipe C empties the cistern for t hours.

Part of cistern filled by pipe a in 1 hour=

Part of cistern filled by pipe B in 1 hour=
Part of cistern emptied by pipe Cin1 hour=1
AT.Q. — + — -- =0 , t=— =2hours 12 minutes

The cistern will be empty at 9:12 a.m.

2. A boat covers 32 km upstream and 36 km downstream in 7 hours. Also, it covers 40 km upstream and 48
km downstream in 9 hours. Find the speed of the boat in still water and that of the stream.
Solutioni Let speed of the boat in still water = x km/h , speed of stream =y km/h
Upstream speed =¥ km/h, Downstream speed = (x +y) km /h

—+ — =7 , and— + — =9 | puttingxy =u, xty =v
32 u +36 v = 7 ¢éé (1) 40u +48v =9 ¢éé.
After solving (1) and (2),weget u= ,v=—

x-y =8 and x+y =12 solving these equations x=10andy =2
Speed of the boat in still water = 10 km/h, speed of stream = 2 km/h
3. The speed of a boat in still water is 5 times that of the current, it takes 1.1 hours to row to a point Q fram P

downstream. The distance between points P and Q is 13.2 km. How much distance will it cever in 5

hours upstream?

Solution:Let speed of current = x km/h

Speed of boat in still water = 5x km/h

Speed of downstream = 5x+x =6x km/h, speed of upstreamx=54x km/h

ATQ —2=11,x=2
Distance covered by boat ir fhiours =4 2 — =41.6 km

4. A leak in the bottom of a tank can empty the full tank in 8 hours. An inlet pipe fills water at the rate of 6
litres in a minute. When the tank is full, the inlet is opened but due to the leak, the tank is empty in 12
hours. How many litres does the kamold?

Solution:Part of tank filled in 1 hour =-— =—

Part of tank filled in 1 minute = =—

Since it is given that inlet pipe fills water at the rate of 6 litres in a minute
—— Th part of volume of tank = 6 litres

Volume of tank = 1440 6 = 8640 litres

________________________________________________________________________________________________|
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CASE BASED QUESTIONS

1. Sushma is rowing a boat. She takes 6 hours to row 48km upstream whereas she takes 3 hours to go the
same distance downstream.

Based on above information, answer the following questions:
(i) What is her speed of rowing in still water?
(i) What is the speed of the stream?
(i) What is her average speed?
OR
(i) If Sushma can row 7.5 km/h in still water. If river running 1.5 km an hour, if takes her 50
minutes to row to a place and back, then what is speed of upstream?
Solution: (i) Let speed of Sushma in still water = x km/h, speed of current = y km/h

A.T. Q. Speed of upstream = =—=8 and Speed of downstream = (x+y)}==16
x=12,y=4
Speed of rowing in still water = 12km/h
(i) Speed of the stream = 4 km/h
(i) Average speed = =— =10- km/h
OR
(i) Speed of upstream = (#.5.5) = 6 km/h
2. An overhead water tank has three pipes A, B and C attached to it (as shown in figure ). The inlet pipes A

and B can fill the empty tank independently in 15 hours and 12 hours respectively. The outlet pipe C
alone can empty a full tank in 20 hours.

Based on the above information, answer the following questions.
(i) For a routine cleaning of the tank, the tank needs to be emptied. If pipes A and B are closed at the time
when the tank is filled to twéifth of its total capacity, how long will pipe C take to empty the tank
completely?

(i) How long will it take for the empty tank to fill completely, if all the three pipes are opened
simultaneously?
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(iif) On a given day, pipes A, B and C are opened (in order) at 5 am, 8 am and 9 am respectively, to fill
the empty tank. In how many hours will the tank be filled completely?

OR
(i) Given that the tank is hattill, only pipe C is opened at 6 AM, to empty the tank. After closing the
pipe C and an hourodés cleaning time, tank is fj]il

time taken in the whole process?
Solution: (i) Pipe C empties 1 tank in 2 h-the tank in- x 20 = 8 hours

(i) Part of tank filled in 1 hour=— + — -— = —
t Time taken to fill tank completely = 10 hours
(i) At5a.m.
Let the tank be completely filled indétd hours
t Pipe A is opened fordétd hours, pipe B is agpe

t in one hour, part of tank filled by pipe A= Th
Part of tank filled by pipe B =— Th
Part of tank emptied by pipe G=- Th

—+ — - — =1 ,t=10.5hours

Total time to fill the tank = 10 hours 30 minutes
OR

(i) At 6 am,

Pipe C is opened to empty ¥ filled tanks
Time to empty = 10 hours
Time for cleaning = 1 hour

Part of tank filled by pipes A and B in 1 hour=+ — =—
+ Time taken to fill the tank completely—= hours
Total time taken in the process = 10 + -+ 17 hour 40 minutes
3. A, B and C are three pipes connected to a tank. A and B together fill the tank in 6 hours. B and C together
fill the tank in 10 hours. A and C together fill the tank+ & 6 1 Based on above information answer
the following questions.

(i) In how much time will A, B and C fills the tank?

(i) In how much time will A separately fill the tank?

(iif) In how much time will B separately fill the tank?
OR
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(i) In how much time will C separately fill the tank?
Solution:(i) A + B fill the tank in 6 hrs
B + C fill the tank in 10 hrs

A + C fill the tank in— hrs

2A+B+C)= = =

Hence A, B and C together will fill the tank in 5 Hrs

(i) Awillin [[A+B+C) T (B+C)]=——=  1i0i

(iii) B will fill [([A+B+C) T (A+C)] = :— = 1i5i
OR

Cwill fillin [(A+B+C) T (A+B)] = — =30 i

HIGHER ORDER THINKING SKILLS( HOT OG0 S)

1. Write the solution set of the in equatien ¢~ >4

Solution:

>4

-<24o0r- >2+4
X<— Oorx<-—

Hence, solution set of the given system of in equation®is{ )*° (—, D)
2. How much water must be added to 60 litres of milk-alittes for Rs 20 so as to have mixture worth Rs

10- alitre?

Solution: Let x litres ofwater must be added to 60 litres of milk atlitres for Rs 20

C.P.of milk=20 - =Rs —

Xx=15
EXERCISE

MULTIPLE CHOICE QUESTIONS

1. Pipes A can fill a tank 6 times faster than a pipe B. If B can fill a tank in 21 minutes, then the time take
by both the pipes together to fill the tank is
(@) 3 minutes (b) 4.5 minutes (c) 7 minutes (d) 9 minutes
1

2. Two pipes A and B can fill a cistern in23thinutes and 45 minutes respectively. Both pipes are opened.
The cistern will be filled in just half an hour, if the B is turned off after:

(& 5 min. (b) 9 min. (c) 10 min. (d) 15 min.
3. I n a 1km race, pl ayer P beats player Q by 1
(@) 512 seconds (b) 502 seconds (c) 491 seconds (d) 481 seconds

________________________________________________________________________________________________|
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4. Last two digits of 2 are
(a 73 (b) 74 (c) 75 (d) 76
5. 1f xk 4 (mod 7), then positive values of x are
(a) { 4,12,128,ée.} (b)) { 3,120,12,¢é.} (c) { 4, 8|1
6. Tea at Rs 60 per kg is mixed with tea at Rs 65 per kg so that 10% is gained by selling the mixture at Rs
68.20 per kg. Ratio of mixture is
(@) 1:2 (b) 1:3 (c) 3:2 (d) 2:3
7. A pipe can fill a tank in 12 hours. Due to leak in the bottom, it is filled in 16 hours. If the tank is full, how
long will it take to empty from the leak
(a) 40 hours (b) 48 hours (c) 50 hours (d) 52 hours
8 . Il n, a 200m race, A beats B by 35m or 7 secopnd
(a) 31 seconds (b) 32 seconds (c) 33 seconds (d) 34 seconds
9. Let p>0 and g<0 and pY ¢, then choose the correct inequality from the given below options to complet
the statemgnt p+q éép
@ > (b)O (c ) O (d) <
10. If x is a real number ang <5, then
(a) X)5 O&5x (9535()65) Ox xOO 5

[¢)

ASSERTION -REASON TYPE QUESTIONS

Directions In the question number 1 and 10, a statement of Assertion (A) is followed by a statement of
Reason (R). Choose the correct option.

(a) Both A and R are true and R is the correct explanation of A
(b) Both A and R are true but R is not the correct explanation of A
(c) Alis true but R is false

(d) Ais false but R is true

1. Assertion (A) (186 x 93) (mod 7) = 2
Reason (R) (a. b) (mod n) = a (mod n). B (mod n)
2. Assertion (A) In 30 L mixture of acid, the ratio of acid and water is 2: 3. The amount of water should b
added to the mixture so that the ratio of acid and water becomes 2: 5is 12 L.
Reason (R) Mean price is always lesser than cost price of cheaper quantity and higher than the cost price
of dearer quantity.
3. Assertion (A) Rohan can row with a speed of 16 km/h in still water and the speed of stream is 12 km/h.
Then, speed of Rohan downstream will be 26 km/h.
Reason (R) If the speed of a boat in still water is x km/h and speed of stream is y km/h, then speed of|the
downstream is (x +y) km/h.
4. Assertion (A) if A beats B by 200m or by 10 seconds, then speed of B is 20m/sec
Reason(R) In a 400 m race, A reaches the finishing point in 20 seconds and beat B by 100m. The speed
of B is 15 m/sec
5. Assertion (A) In a race of 100m, If A beats B by 20 m and to C by 28m, then B beat C by 8m
Reason(R) If A beats by x m, then it means that when A is at finishing point, B is x m behind
the finishing point
6. Assertion (A) The solution set of the inequality{2x | "&Gs,(bA]° [ 4, D)
Reason(R) Fog-ar®ak ©,a|lxh © Aa.
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VERY SHORT ANSWER TYPE QUESTIONS

1. Find the least nenegative remainder wheR'& divided by 7.

2.In what ratio water must be added in milk costing Rs 60 per litre , so that resulting mixture
would be worth Rs 50 per litre ?

3.A manrow to a place at a distance of 48km and returns back in 14 hours . He finds that he can
row 4km with the stream in the same time as 3km against the stream. Find the speed of stream .

4. Two pipes A and B can fill a tank+hour and 1 hour respectively . A pipe C can empty the

tank in 2 hours . If all three pipes are opened simultaneously , how long does it take to fill the
empty tank ?

5.A and B patrticipate in 200m race. A runs at the speed of 6 km/h . A gives B a start of 18m and
still beats him by 6 seconds . Find the speed of B in km/h .

6.Write the solution set of the in equationx +2
SHORT ANSWER TYPE QUESTIONS

1.How many litres of water should be added to a 30 litres mixture of milk and water containing
milk and water in the ratio 7:3 such that the resultant mixture has 40% water in it ?

2.A manufacturer mixes two kinds of tea costing Rs 35 per kg and Rs 40 per kg in the ratio of
8:7. Find profit or loss percent if he sells the mixture at the rate of Rs 37,50 per kg ?

3.The speed of a motor boat and that of the current of water is 36:5. The boat goes along with the
current in 5 hours 20 minutes. How much time will it take to come back?

4.A cistern can be filled by an inlet pipe in 20 hours and can be emptied by an outlet pipe in 25
hours. Both the pipes are opened. After 10,hours the outlet pipe is closed , find the total time
taken to fill the cistern.

5.Three pipes A,B and C can fill a tank in 6 hours. After working at it together for 2 hours, C is
closed and A and B can fill the remaining part in 7 hours. Find the number of hours taken by C
alone to fill the tank.

6. A large tanker can be filled by two popes A and B in 60 minutes and 40 minutes respectively.

How many minutes will it take to fill the tanker from empty state if B is used for half the time
A and B fills it together for the other half ?
LONG ANSWER TYPE QUESTIONS

1.A boat goes 20 km upstream and 22km downstream in 6 hours. Also, it goes 25km upstream
and 33km downstream in 8 hours. Find the speed of the boat in still water and thatefetime
An : The speed of the boat in still water is 8km/h and the speed of the stream is 3km/h

2. Two pipes A and B can fill a cistern in 30 and 20 minutes respectively. They started to fill a
cistern together but pipe A is closed few minutes later and pipe C, fills the remaining part of
the cistern in 5 minutes. After how many minutes was pipe A closed ?

An : 9 minutes
3. A tank can be filled by two inlet pipes P and Q in 15 minutes and 20 minutes respectively.
Another outlet pipe R can empty the full tank in 24 minutes. If the outlet pipe R is opened 6
minutes after the pipes P and Q are opened, find the total time to fill the tank.
An : 10 minutes

________________________________________________________________________________________________|
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CASE -BASED QUESTIONS (4 Marks)

1. A man can row against the current, three fifth of a kilometer in 15 min and returns same
distance in 10 min. Based on the above mformatlon answer the followm uestlons

(i) Find the speed of the current.
(ii) Find the speed of men in still water.
(iii) If a man can row a distance of 3 km against the stream, then find the time he would cover the
distance.

OR
If the time taken by a man to cover 4.5 km downstream and x km upstream is same, then find the v
of X.

2. A cistern has three pipes A, B and C. Pipes A and B can fill itin 5 h and 10 h respectively,
while pipe C can empty the cistern in 30 h.

Based on the above information, answer the following questions.
(i) If the pipes A and B are opened, then find the time taken to fill the cistern
(i) If all the pipes are opened, then find the time taken to fill the cistern
(i) (a)f the pipes A and B are opened alternatively and pipe C is opened all the time, then find th
time taken to fill the cistern.
OR
(b) If the tap A is opened partially in such a way that its efficiency of filling the cistern becomes
half, then find the time taken by all the three taps to fill the tank.

________________________________________________________________________________________________|
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HIGHER ORDER THINKING SKILLS ( HOT 6 S)

1.A pipe can empt-of a cistern in 20 minutes. What part of cistern will be emptied in 9

minutes

2.Two pipe A and B can fill a cistern in 10 minutes and 15 minutes respectively. Pipe C can
empty the full cistern in 5 minutes. Pipes A and B are kept open for 4minutes and then outlet
pipe C is also opened. Find the cistern is emptied by the output pipe C.

ANSWERS
MULTIPLE CHOICE QUESTIONS
(1). a(2).b (3).c (4).d (5).a (6).c (7).b (8).c (9).d (10).b
ASSERTION AND REASON TYPE QUESTIONS
(1).d (2).c (3).d (4).b (5).d (6).b
VERY SHORT ANSWER TYPE QUESTIONS
1.6 (2.15 3) .1 km/ h ( 4).24 minutes ( 5).65.
SHORT ANSWER TYPE QUESTIONS

(2).5 liters (2). 0.455% (3} = 6hours and 50 minutes (4). 28 hours ( 5).14 hours (6).30 minutes

LONG ANSWER TYPE QUESTIONS

(1).Speedf boat in still water = 8km/h and speed of stream is 3km/h (2). 9 minutes
(3). 10 minutes
CASE BASED QUESTIONS

1.i) -m/s ii)-m/s iii)lhand 15 min OR x =3km
2.1))—=3h and 20 min ii)-8hours iii)(a)8- =8 h and 24 min ORi) (b)6 hours

HI GHER ORDER THI NKI NG (HOTG6S)

(1)~ (2). 20 hours
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NIT 2

ALGEBRA
MATRICES

Gist/Summary of the lesson:

Matrix, Order of matrix, Types of matrix, Row matrix, Column Matrix, Zero Matrix Or Null Matrix,
Square matrix, Diagonal Matrix, Scalar Matrix, Equality of Matrices, Operations on Matrices, Transpose
of a matrix, Symmetric and skew Symmetric matriceseeinants, Area of a triangle using
determinants, Minors and Cofactors of a Determinant, Adjoint of a Matrix, Inverse of a Matrix, , Solutign
of system of |linear equations wusing inverse |of

x A Matrix is a rectangular array of numbers or functions, i.e. arrangements of numbers or functions
in rows and columns.

x Matrix having m rows and n columns is of order m x n and total number of elements in matrix are
mn. A matrix of order mx nisdenotedby Adla;, 1 O i O piskmowdasan O i | O
element of a matrix lying in the,row and j, column.

x  The matrices A and B are said to be equal if (i) there order are same. (ii)elements at the
corresponding places are equal,

x Addition of two matrices is defined, if matrices are of the same order and their addition is a matrix
of the same order.

x  Multiplication of Matrices A and B is defined if number of columns of A is equal to number of
rows of B.

x A matrix obtained by interchanging the corresponding rows and columns is called the transposg of
a matrix.

x To every square matrix we can associate a number or a function known as determinant of the
square matrix.

x Adjoint of a square matrix A is transpose of a matrix obtained by cofactors of each element of a
determinant corresponding to a given matrix.

x A square matrix whose inverse exists, is called invertible matrix .

TYPES OF MATRICS:
() Row Matrix: A matrix having only one row is called a row matrix, e.g. [2,4];d,6]. Its order is

1 n.Column Matrix: A matrix having only one column is called a column matrix. e.g
Y

¢ . ltsorderis m 1.Zero matrix or Null matrix : A matrix whose all the elements are zero
v
is known as a zero matrix . It is denoted by O.
eg. T, T
T T m’ T
(i) Square matrix: A matrix having equal number of rows and columns is a square matrordéts
ismx mornxn.Forasquare matrix =] , @ is knows as its diagonal element ifj =1In
above examples diagonal elements are 2;4;11,

P o T
eg. No p ¢

mh
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(iif) Diagonal matrix: A square matrix whosall the nondiagonal elements are zeroes is called a
diagonal matrix. We also define it as : A square matrix £ is called a diagonal matrix, i

= 0 for i [
¢ T T
eg. ;T U T
mTmn o
(iv) Scalar matrix: A diagonal matrix whose all the elements are equal is a scalar matrix . We also
define it as : A square matrix A € is a scalar matrix, 0 = 0 f o r Fkfolizjkisaa n d
scalar.
(o | R 1
eg. tn. o T
m T
m T o

(v) ldentity matrix or a Unit matrix: Itis denoted by I. It is a square matrix whose all-d@gonal
elements are zero and diagonal elements are 1 each. We also define it as: A squarenoatrix A
is an identity matrix or a unit matrix ,é =1 for i =j . An identity matrix of order n x n is
denoted byO or™O.

eg.’O ="0= P-MT o =0=
m p
EQUALITY OF MATRICES :

The matrices A and B are said to be equal) ifhgre order are same. (ii)elements at the

corresponding places are equal,

i.e.matricesA=¢®% andB=w , 1 On M 1In CGar & =awpadlj. if

OPERATIONS ON MATRICES :

1. Multiplication of a matrix by a scalar: Multiplication of a matrix by a scalar k is a matrix of the
same order whose each element is obtained by multiplying the corresponding element of the g
matrix by scalar kIf matrix A= ® then multiplication of matrix A by scalar k is kA =

foIA) :

2. Addition of matrices: Addition of two matrices is defined, if matrices are of the same order and
their addition is a matrix of the same order whose each element is obtained by adding the
corresponding elements of two matrices. If Aix andB=® and A+ B =C,then
C=w ,Where®d + @ = ! i,]j.

3. Properties with respect to addition:

(i) Commutative: A+B = B+A , for matrices A and B of the same order

(i) Associative:A + (B + C) = (A + B) + C, for matrices A. B and C of the same order.

(iif) Additive identity: For a given matrix A, a zero matrix of the same order as that of A is
called its additive identity as A+ O = O +A = A.

(iv) Additive inverse: For a given matrix A, a matrixA4) is called its additive inverse as A +
(-A) = (-A) +A =0.

4. Multiplication of matrices: Given matrices A and B, then their multiplication AB is defined if
number of columns of A is equal to number of rows off B.= & andB=® ,then
AB= & ,where® =B O @ ,ie.® =0 0 +O® +é ®H
MATRIX MULTIPLICATION MAY NOT BE COMMUTATIVE

x  Let order of matrix Ais 3 2 and that,of Bis2 1 . Then AB is defined but BA is not
defined |, so AB | B A
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x Letorderof Ais2 2 and that of B is 3 x 2.The®B is not defined but BA is defined i.e.

ABIl BA

x Letorderof Ais3 2 andthat Bis2 3. Then AB is matrix of order 33 and BA is matrix
oforder2 2 , so ABIi BA.

x  Let the order of matrix A is 23 and that of matrix B is also 3. Here AB and BA both are.
not defined , Hence ABI BA.

x  Let the order of matrix A be 2 2 and that of matrix B be also 22 then AB and BA both
are defined and are of the same order. In this case we may have AB = BA only if elements
the corresponding places are equal.

Properties with respect to multiplication:
() Commutative: Matrix multiplication for matrices A and B is not commutative in general, i.e .

ABI BA

(i) Associative:For three matrices A, B and C, if multiplication is defined , then A(BC) = (AB)C.
(iii) Multiplicative identity: For a matrixd , a unit matrixOis multiplicative identity, if it is pre
multiplied andO, is multiplicative identity, if it is pranultiplied and’Ois multiplicative identity,

if it is postmultiplied asO0 0 ;0 O 0o . i.e. for a rectangular matrix

there are two multiplication identities. For a square matrix , there is only one multiplicative

identity O.

(iv) Multiplicative inverse: A matrix B is said to be inverse of matrix A, if AB = BA =1 . Inverse of
matrix A is denoted by . Inverse of only a square matrix exists.
Note: Inverse of a matrix , if existds unique.

Distributive property: If A, B, C, are three given matrices and if multiplication and

addition is defined, then A(B + C) = AB + AC

Existence of two noizero matrices whose product is a zero matrix:

LetA= S Y andB=Y PVY
T pm ¢ 0

Then A and B are nerero matrices.
Consider AB = © v v opuU
T pmt.¢ @

= PP OMTOT T T a zero matrix
M T QT QT T T

TRANSPOSE OF A MATRIX, SYMMETRIC AND SKEWSYMMETRIC MATRICES
() A matrix obtained by interchanging the corresponding rows and columns is called the transpos

a matrix.

(i) If matrix is A, then its transpose is denoted by Ador Also if matrix A = @ then its
transpose is A" © :
(iif) Properties of transpose of the matrices.(i) (A") ' =A @i) (A +B)'=A'+ B' (iii) (AB)' = B'A'

(iv) (kA)'= kA", where k is a scalar.

(iv) A matrix is symmetric matrix, idb 0

(V) A matrix is skew symmetrimatrix, if 0 0
Note: Every square matrix can be represented as a sum of a symmetric and a skew symmetrig
matrix.

(vi)If A'is a square matrix thep—— where IS a symmetric matrix——and is a

skew symmetric matrix.
Note: Diagonal elements of a skew symmetric matrix are always zero.
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Adjoint of a matrix :
a) Adjoint of a square matrix A is transpose of a matrix obtained by cofactors of each element of 3
determinant corresponding to a given matrix.
b) Adjoint of a matrix A is denoted by adj A.
c) A square matrix whose inverse exists, is called invertible matrix .

d) Inverse of matrix A is denoted by A= .- adj (A)

e) If| A| =0 then matrix is said to be singular matrix.
f) If|A] 0 then matrix is said to be n@mgular matrix.
g) If Ais a given matrix , then AA=ATA =1
h) If A and B are invertible matrix of the same order thH&B)™* = B2A*
i) For a square matrix A
0 AY'=A
(i)  (A)'=(A")
(i) A =
(iv)  Important FormuldKA| = K" |A|
(v) ladjA|=]|AM
(vi) If Alis a square matrix of order n, then
(a) | (adjA) | =] A
(b) |A(adj A)l = |AT.
MULTIPLE CHOICE QUESTION S

(1) If amatrix has 5 elements, the possible orders of a matrix are
(a)2 (b)5 (c)1 (d)4
Solution:  The possible orders of a matrix =51 5
Answer:(a) 2

ey © P T —aAsP S P then Ais
T W

¢ P Y T
(a) pTT O UL (b) pT P o
¢ o 0 ¢ v pC
(c)y ® 7 7 () Yo
. ¢ O ¢ C o ¢
Solution:
- W p T _p G p
¢ p o ™ T W
_ v g v
¢ O ¢
Answer( c) v ° v

o Q
(3) If amatrix A is both symmetric and skew symmetric , then A is necessarily a

(a) Diagonal Matrix  (b) Zero Square Mat(ix) Square Matrix ( d) Identity Matrix
Answer (b ) Zero Square Matrix
(4) If for a square matrix A, Ai A + =0, then Al equals
@A B)A+I1 (c)iA (d)AiI I
Solution: A*(A%2i A+1)=0 Al
ATAZT ATA+ALI=0
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LAT1+A1=0
Ail+A1=0
Al=11 A
Answer: (¢) |71 A
(5)IfA=P T B=® TandA=&, then xis

(a)cipl (%)f (cL (d)2

Soluton: E=BB=® M @ MT_ ® T
PP PP WP
A:B2 p T[: ‘(A) Tt
¢ p wpop

w=1 x= 1
x =1,(x =-1, not satisfied)
Answer (b )1
(6) If Aand B are matrices of order 32 and 2 4 respectively then order of matrix AB is
@3 4 (b)4 3 (c)2 3 (d)24
Answer:3 4
Solution: If order of matrix A is m n and order of matrix B is n p then order of matrix A
Bism P.
Answer: (a3 4

(7)) Ifw p P ]T-[[:O,thenxis
(@0 (b)2 (cyl (d)2
T

Solution: @ p P =0
¢ T

W ¢ mM=0 x=2

Answer: (d )2

(8) If Ais a skew symmetric matrix of order 3, then the value of [A] is
@0 (b) 27 (c)9 (d)2
T O
Solution: LetA= & mm ®
® O T
|A =07 a(0+bc) + b(a®) =-abc + abc =0
Answer: (a )
(9) Three points P (2x, x+3), Q (0, x) and R(x+3, x+6) are collinear , then x is
(@3 (b) 7 (c)1 (d)2
Solution: Thrge pojnts are collinear when Area of triangle is Zero.
Cw W o p
Tt w p =0 2x(xx-6)7 (x+3)(0i x7 3)+1 (01 x*-3x) =0
W o w e p
-12x + X+ 6x + 97 x21 3x =0 x=1
Answer: (c )1
(10 ) The area of the triangle with vertices A(5,4), B§2.and C{2,4) is

(@ 23 sg. units (b)) 35 sq. units(c) 10 sqg. units (d) 20 sqg. units
5 v T P
Solution: Area o0 6 6 - ¢ ® p
¢ T p

={5(-6-4) i 4(2+2) 1(8i 12)}
=—(-507 16 + 4)=-35
I
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So, area = 35 sq. unif@\rea cannot be negatiye
Answer:( b ) 35 sg. units
o W

(11) The value of x if o 9 . is
T T W p
(@) 3 (b)-3 (c)1 (d)2

Solution: ¢ @ = o w
T T w p
-3-x3=24 x=-3
Answer:(b)-3
w q

12) IfA = Or Y andB = then value of| AB |is

(a)2358 (b) 234?8 (c)2318 (d)2328
Solution:AB= ¢ YV @ G - GX U @ 0L ¢ cow
T P X 00 ¢ Y TC TG UuUTm
Hence | AB | =1100 +1218 = 2318
Answer:(c) 2318

(13) The inverse of given matrixuo P is
¢ P ¢ P o p o P
(a) ;o (b) § (¢) (d)
Solution: LetA= ° P
L (C
|A|=-6+5=-=1and Adj (A) = CU po
A_lz—Adj(A):— S P - S p
v 0 U O
Answer:( a) S P
v O
14) IfA= Co S,then adjoint of A is
¢ P ¢ P o p v p
(8, ¢ () 0o (o) ¢ (d) g
Solution: If A= ® ,w,then Adj (A) = QT oo
w Q w W
Answer:( d) v P
o G
(A5 IfA = Té Tcisasingular matrix then value of k is

(a)— (b)-  (c)- (d)—
Solution: For singular matrix A
[A]=0 -813k=0 k=—
Answer:( a)—
(16) For what value of k the points (k,7%4,6) and (15) are collinear
(a) 3 (b)3 (c)5 (d)2
Solution: Three points are collinear when Area of triangle is Zero.

Q X p
T v p=0

P UL P
k(5+5)i 7 (-4-1) + 1 (205) = 0

10k +35+15=0 k=-5
________________________________________________________________________________________________|
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Answer:(c)-5
@anirA= g pp and B =P 2 then value of 3A2B is

(), OF (o) J AP ey PPy T BP

P L P v P
Solution: 3A2B=35 P .oP T _® o0 _C Y _ T PP
a p X ¢ W 0 PpPTT v P
Answer:(d) T PP
v &

(18)IfA:g orandB:Uc OTthen valBie of Ab
Px ot N L (s«
Solution: A= & 9 |

pT
A o= P
o T
Ae2B=S P .o G O _C p T @ _ ¢ U
T v T o T pT Y X T
Answer:(C)
C T T

(19) Matrix A= 1t ¢ T represent

T T ¢
(@) Identity Matrix (' b) Scalar Matrix ( ¢) Column Matrix ¢) Row Matrix
Solution:A diagonal matrix whose all the elements are equal is a scalar matrix.
Answer:( b ) Scalar Matrix

(20) The minor of element 3 in A =X S is

(a)-4 (b)3 (0}7T (d)5
Answer: (a)-4

(21)A=$ up O andB="P S then

(a)Only AB Tg, defined g (b)cOnIy BA is defined
(c) AB and BA both are defined (d) AB and BA both are not defined
Solution:Multiplication AB is defined if number of columns of Ano. of rows of B
Answer:(b) Only BA is defined
ASSERTION REASON BASED QUESTIONS

*In the following questionsg statement of assertion (A) is followed by a statement of reaso@{B)se
the correct answer out of the following choices.
(@) A and R both true and R is correct explanation of A.
(b)A and R both true but R is not a correct explanation of A.
(c)Ais true but R is false.
(d)A is false but R is true.
m T

(1) Assertion (A) :If matrix A = E . then AB =0.

Reason (R):Multiplication of matrices A and B or AB is defined if number of columns of A = numbe
of rows of B.

Sqution:AB:p n n
G m p

n and matrix B =
T

m _ T T T TT_TU T
: = =0.

T T M MM O TMT
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Answer:(a)

T T
(2) Assertion (A) : Matrix B = ?[ p T represent identity matrix.
T T
Reason (R):A diagonal matrix whgse all the elements are 1 is identity matrix.
Answer:(a)
p T T
(3) Assertion (A): Matrix A= 1t p 1 and matrix B = f Up 9 then order of matrix AB is 3
T T P
3.
Reason (R):If order of matrix A is m n and order of matrix B is n p then order of matrix A B
ism P.
Answer:(d)
C W 0 W (
(4) Assertion (A):IfA= o C p is a symmetric, then x = 6.

T p v
Reason (R):If A is symmetric matrix thel\= A 6
C W 0 W ¢

Solution: A= o G p
T p v
When x = 6
C ¢ 0 ¢ GQ ¢ o0 1
A=o q P =0 ¢ p
T p v T p U
¢ o0 1
A6 o= ¢ p HenceAd = A
T p U
Answer:(a)

(5) Assertion (A): If the order of A is 3 4, the order of B is 34 and the order of C is 3, then the order
of (ATB)C"is 4 5.
Reason (R):If order of matrix A is m X n and order of matrix B is p then order of matrix
A Bism P.Also, A be a matrix of order nm then the order of transpose matrixis &

Answer:(a)

(6)  Assertion (A): If A is a skewsymmetric matrix , then Ais a symmetric matrix.
Reason (R):IIf Aisaskews y mmet ri ¢ matAri x , then A6 =
Answer:(a)

(7)  Assertion (A):The area of the triangle whose vertices are [@B&)(and (5,1) is— Sq.

units.
Reason (R): The area of the triangle whose vertices argi)(k Xo,y2) and (%,y3) is
w 0w p
®W W P Sg.units.
W w p
. W W P o Y p
Solution: Areaoty=- @ ® p=- 1 ¢ p
W W p v p P
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={3(2-1)7 8(-4-5) +1(4-10)} = «{3+72-14)=- 61 = — Sq. units.

Answer:( a)
o S
(8) Assertion (A):IfA=¢ oT1,B=¢,X=p¢ o ,Y= 0 thenAB+ XY=¢ W
C T

Reason (R):If order of matrix A is m n and order of matrix B is n p then order of
matrix A B is m P. Also addition of two matrices is defined, if matrices
are of the same order.

o
Solution: AB =¢ o T ¢=0¢0 ¢ Y=y
G

XY=p ¢ 0 0=¢ @ pGQTm

- qQn

AB+XY=y+¢m=¢q |
Answer:(a)
(9) Assertion (A): If A is a nonsingular square matrix of order 3 and A 2A, then the value
of lAlis 8.
Reason (R)When A is nossingular square matrix, then matrix A is invertible andAA=
l. Also | KA | = k" IAIl, where n is order of square matrix.
Answer:(a)
(10) Assertion (A):If the area of the triangle whose vertices a,0),(3,0) and (0,k) is 9 Sq.
units then value of k is + 3.

Reason (R): The area of the triangle whose vertices argy{x( xz,y2) and (%,ys) is -

W W p
®W W p Sg.units.
w 0w p
W W p
Solution: AreaoV/=- @ ® p
w W p
o TP
9=- 0 m p
T Qop
={-3(0k) i 0(3-0) +1(3k0)} =(3k- 0 + 3K)
6k = 18 Ck= 3
Answer:(a)
VERY SHORT ANSWER TYPE QUESTIONS
o T
(1) Find the value of PQ whereP= p ¢ andd= P ¢ P
T oo P ¢ O
Solution:QT= P S Py o= cp 2
P ¢ O 5 o
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o 1 p p T o
PiQ= p ¢- ¢ ¢= 0o ™
mn pppd)c p C
o1 _X ™ .
(2) If2U +n p_’pT[U , then find (xy).
Solution: ® LIJ + PO X T
pPITCW T p PTU
X L|J W _ X T
PTTCWL p PTU
8+y =0 t y=-8
2x+1=5+ x=2

Cxiy=2+8=10
@) IfFA="T" S andkA= % %9 then find the value of kg and b.
o 1 W G T

A= G T ¢Q
Solution: KA k0 . OTQ~ 0
¢

mT o _ T ¢Q
) Cw CcT 0Q 1Q
C-4k =24+ k=-6
3a=2k=2 (-6)=-12+ a=-4
2b=3k=3 (-6)=-18t b=-9
(4 )Find a matrix A such that 2A3B + 5 C=0, where B =
Solution: 2Ai 3B+5C=0

2A=3B-5C
-3 6 ¢ MygCe M C_ @ ¢ T, pTT pTT_ PO @ pPT
qu} X P O W 0 pg GLUL O Ce ¢ pyY
AN o U
T pe b @
5)If 0w 9 sz PSS then find the value of abd
w Q ¢ o g T
0w @ O Q _pCg G
Solutlon. G 9 ¢ o W
ow @=12 c=2

Again, 2-3b=-4 -3b=-6 b=2
Now, ai d=2anda +d =8

Adding,2a=-6 a=-3 d=ai 2=-312=-5
Cabcd =-61 (-10) =4
mpPp
(B)fA= p 1 p,then find the value of A& A.
p p T
mppmTPEP
Solution: K=AXA=p T p p T p
p P T P P T
TP PT T P T P T
=m mppP TMTPP T
T pPp TP T TP p T
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C PP

=p C P

P P C

G PP MPpP CNMM pAN
A2TA=p ¢ p-p M p=m ¢ mM=21 p m=2I

PPC PppPpmM MWC TP

(7)”00 T 0W_CO ¢ W C

b, @ ¥, @ W
W T 0w _C ¢ W ¢
Solution: = .
A TR
W T=CW ¢ a=2
Also3b=¢ ¢ b=l
ai 2b=2-2=0
T CO ¢
B)Ifmatrix A= ¢ p o Iisgiven to be symmetric then find the value of a and b.
ow o P
mT CW ¢
Solution: A= ¢ p o Iissymmetric.
ow o p
2b=3 b=-
Again, 3a =2 a=—
P ¢ G
Q) IfmatrixA= ¢ p wis a matrix satisfying AAO6= 9
¢ ¢ p
p ¢ G
Solutiognp A0 =
¢ w p
AA6= 9 |
P ¢ ¢ p ¢ (¢ p T T
¢ P ® ¢ p ¢ =9M p T
¢ ¢ pC W p  TTP
P T T ¢ ¢ Cw ¢ T ¢ W T T
C ¢ CW T p @ T ¢ W=T W T
C T ¢ T ¢ W T T p T T W
W T CW ]! W T T
T CW UV ® C W=T W T
T C w T T W

4+2x=0 x=-2
Al 91 2=9 w=4 x= 2
(10)If A = Cp cp and | is the identity matrix of order 2 , then show that AA + 3 1 =0,

Solution: X=A A= Cp Cp ¢ p_T P G G _ UL T

P G ¢ ¢ p T T U
LHS=A2-4A+31= Y T .46GC P3P T
T v P G T p
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Y T Y T+0T[:UL|J0 TTT[:T[T[:O:RHS
T U T Y T O T T mM v Yy o m T
W o T
(11)O" D ¢ p =0, then find the value of a.
p T P
Solution: aR-4)1 3(1-1) + 4(42) =0
-2a1 0+8=0 a=4

W W waa

(12)IfA= & @ @ then find the value dfA |.
o o o
Solution: = (X+y)(-3x+3y) 1 (y+2)(-3z+3y) +(z+x)(3z+3X)
=-3x2 + 3xy -3xy+3y* + 3yzi 3y? + 372 -3yzi 32 +3xzi 3xz+3¥=0
CwL_@ ¢

@35y p 5
Solution: S® Y=9 ¢

Yy w X O

2x°T 40=18+14 2x*°=72 x?>=36 x= 6

then find the value of x.

(14) IfA = g Tp,B: V' G c-= g ifindamatrixDsuch that CDAB = 0.

v oa X1
Solution: LetD =% ’oo
w Q
CDi1 AB=0
CD = AB
¢ ULO®W_G¢ p UG
c Yy w'Q o 1 x T
QW LW CW VQ_ pmYX T T
0w W 0w YQ puv CYO PO
CwW LW QW VQ _ o ™

o0 Yo oo YQ T OCC

2a+5c=3

6c+15c = 9 ééeéeé(i)

00 =43

6¢c + 16 c¢c = 86 éeéeé(ii)

Equn. ()7 (i) 2a=3i 5¢=3i 5 77=3i 385=-382 a=-9|
Cw UQ=0 6b+15d = 0 ééé. . (iii)
ow Q=22 6b + 16d = 44 éééé. (iv)

Equn. (iii))1 (iv) d=44

2b =-5d =-5 44 =-220b =-110

A O O _ pwWPp PPT
D=5~ XX TT

15)1fA= 9 U then find AL
P P

Solution: Let A= g :) |[A]=-3+4=1
Adj (A) 0 o A Adj (A) b o -
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(16)If A = CT Xo then show that 2A= 917 A.

Soln. LetA= & © Adj(a) =X ©
T T ¢
1 . -_X ©
A Adj () =- X 2
LHs=2at=2 - X 9 =X O
T ¢ T ¢
RHS=9li A=gP m_ ¢ O0O_wm_ ¢ O0_X O
T P T X T W T X T ¢

LHS = RHS

(17)If A and B are square matrices of order 3 such|tAgt -1, | B | = 3, then find the value ¢2 AB |.
Solution:| kA |= kK" |A]

|2 AB|=2°|A|B|]=8 (-1)(3) =-24

o T U
(18) Evaluate the determinant of matrix p C .
¢ o0 p
o T U
Solution: LetA=p p C
¢ 0 p
| A] = 3(1+6) + 4 (1+4) + 5(@)= 21+20+ 5 = 46.
¢ 1™ P
(19)IfA= 1 p ¢,thenshowthgt2 A|=8|A]|.
m T T
¢ 1™ P ¢ T p pPpCT G
Solution: A=1 p ¢ 2A=21 p ¢=T1T ¢ 1
T T T T T T T 1T Y

| 2A | = 12(160)i 0 (07 0) + 2 (0i 0) = 192
|A|=6(47 0)i 0(0-0)+1(0-0)=24 8|A|=8 24=192

So,|2A|=8| A
(20) IfA = 2 ; and|A%|=125, then find the values of p.
Solution:|A |= p?i 4

Here,|A3|=125=5 |A|=5 p?’i4=5 p= 3

SHORT ANSWER TYPE QUESTIONS

(1) Find the inverse of the matrixuc co . Hence, find the matrix P satisfying the matrix equation

p 0 G _p G
L o ¢ P

Solution: Let A = UG CO Hence A |=971 10 =-1

o q

Adj (A) = o

o

At=—Adj(A) =— =

¢ _0 ¢

(0] U O
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Given that, P O ¢ P ¢
v o ¢ p
PA:p S p:A-lp C: ¢ p CZPGUJ
¢ P ¢ P c ¢ p p P
(2) Mohan decided to donate money to children of an orphanage home. If there were 8 children less,
everyone would have got Rs 10 mdrewever,if there were 16 children more, everyone would have got
Rs10 less. Using matrixethod find the number of children and the amount distributed by Mohan.

(0]
v

Soln. Let the number of children be x and the amount distributed by Mohan for 1 student by

Rs.y.

x75)(y+10)=xy 5xid4dy = 40 eéé(i)
Again (x+16) (y10)=xy 5xi8y=-50 eée. (ii)

U T W T

LetA—U qJ’X_OO’B_ e

|A|=-40 + 20 =20

. _ v T

Adj (A) MY

1 . - Y T

A Adj (A) o L

Now, AX =B

So X=AlB=— YT TWM__  OCMOCT__ QT
' UV U YT CTUTIT TUTT QT TT
_®_og

X2 &% on

So,x=32,y=30

The number of children x = 32

and the amount distributed = y = Rs.30

(3) Using determinant show that points Algerc), B(b,c+a), C(ca+b) are collinear.
Solution:Points are collinear whe¥i= 0

W 0 p
Y= © p
W W p
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» w0 O p
Y= 0w ® p
WO wpe

=a{(c+a)i (atb)}-(b+c)(bc) + 1{b(a+b)- c(cta)}
=aci abi b+ Z+ab+Bi c¢?i ac=0
So, points A, B and C are collinear.

(4)Find the equation of line joining (1,2) and (3,6) using determinants.

W W p
Solution:Equation of the line joining the poinb(w) and(®@ho)is ® ® p =0
W W p
W WP
P ¢ p=0 x(26)7y(1-3)+1(66)=0 -4x+2y=0
c ¢ p

4x71 2y =0 2x7y=0

(5) Let A = Z’ X andB = )‘? i’) Verify that (AB)L = BTA™L .

Solution: A B= 92 X @ W _ ¢X ¥X
¢ L X W TX @p

| AB | =67 X 611 47 X 87 = 4087 4089 =-2

Adj(aB)= ®P WX

TX 0X
(AB)1=—Adj (AB)=— @®P WX-_ @p WX
TX ©X TX @X

|A|=151 14=1

Adj (A) = Uc GX

Al=—Adi(a)=- ° X =Y X

C o C o
|B |= 541 56 =-2
. _ W ]
Adj (B) =
j(B) X 0
Bl=—Adj(B)=— © Y= @ ¥
X @ X 0
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gipai—. ® W U X__ TU PO QO GT
@

X ¢ o© oL PG TW PY
__ 0p WX

TX @X
(AB)1=B1A?

(6) The cost of 4 kg potato, 3 kg tomato and 2 kg onion is Rs 2B8 cost of 2 kg potato, 4 kg tomato
and 6 kg onion is Rs 300. The cost of 6 kg potato, 2 kg tomato and 3 kg onion is Rs 200. Find the cos
each item per kg by matrix method.

Solution: Let cost of 1 kg potato = Rs x, cost of 1 kg tomato =&<gst of 1 kg onion = Rs z.
According to questiomM x +3y+2z=25x+4y+6z=3006x+2y+3z=200

T 0 ¢ w CULUT
A=¢ 1 ¢, X=®, B=onm
© ¢ O a CTT

|A|=4(1212)7 3(61 36 )+ 2 (4 24)=4 X 0i 3(-30) + 2 ¢20)
=0+90i 40=50 O

t Ais a nonsingular matrix and system has a unique solution.

Co-factors of elements of A are :
A11= (1271 12) =0, A>=- (67 36) = 30, Az= (47 24) =-20
A21=-(97 4 ) =-5, Ao=- (1271 12) =0, A3=-(87 18) =10
A31=187 8 =10, A>=- (247 4) =-20, As3=161 6 =10

Tt VU P
Adf(A)= om ™ ¢
CTmPT PT
T L P
Al=—Adj(A)=— om T C T
R CTmPT P
Since, AX=B
Tt U PT CUT
Hence X=A'B=— om m CTNOoTT
CMPT PT CTT
Tt VU PTT T

= om T CmQ
CMmPT PT T

W T OT TT p T
W= pC¢nN M YN=1T
o Pm @em TTM QT
So, cost of 1 kg potato = Rs x = Rs 10.
cost of 1 kg tomato = Rs y = Rs,48nd cost of 1 kg onion = Rs z = Rs 20

(7) Show thathepoints (a+5a4), (a2, a+3), and (aa) do not lie on a straight line for any value of a.
Solution:Points are collinear whe¥i= 0

3 W W p 5 ® L O T p
Y=—n w0 p Y=®w ¢ ®w o p
W 0 p ) [)) P

- ___________________________________________________________________________________________________|
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=-[(a+5)at+3-a)i (a-4)(ai 2-a) + 1{a(a2)- a(a + 3)}]
=-[3a+15+24 8+&i 2ai &i 3a]=- 0

Hence, given points form a triango, given points do not lie in a straight line.

(8) Using determinants find the aread%BC with vertices A(3,1), B(9,3) and C(5,7). Also find the
equation of line AB using determinants.

. 0 P o p P
Solution:Y=— o ® p =-w o p =3BV 7)i1(915)+1(63 15)}
w W p L X P

=-{-127 4 + 48} =16 Sq. Unit

w W p
Equation of the line joining the poinbw ) and(w o) w 0w p=0
w w p
W wp
o p p=0 x1-3)Ty@i9+1(919=0
w o p
-2x+6y=0 x713y=0
p ¢ O
(9)Express the matrix A = 1 p T .as the sum of a symmetric and a sksunmetric matrix.
o v p
P ¢ O p T O
Solution: A= 1 pm A0 ¢¢ p L
o UL p o T p
p ¢ O p T O C ¢ o
LetP=-( A + A0 p T E p U = ¢ (g U
o v p o T p @ UL ¢
P p O
- P P -
6 - P
P p O
Po £ P ~=p
6 - P

LetQ=-(A-AD)
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KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 40




P ¢ O p T O m @ T
- 1 p M ¢ P UL = @ mn v = o mn -
G UL p c T p mT v T m - T
mT O T
=-9 T 7 (A®h -
mT - T
o m o T
Y Y o ¢ o
P+Q= P P -4+ O T == ¢ 5 g=A
o - p m - T o L p
(0)FindXand YifX+Y= P POandx-y=Y ¥
¢ 1 c T
L - P PO,y .y = U v L -
Solution: X +Y ¢ 1 eeée. (ixX-Y - eeée. (ii)
N g _ p PO, UL Y_T1T L _ 1t uv_S -
Equn. (i) + (i) 2X= + = h X=- =
¢ T o m UL T v T - C
N _ p PO U Y_ @ ¢p _ 9~
Equn. ()- (i) 2Y= - = Y =
¢ T o T p T —
(11) Solve the following system of equations usi

X+y+z=10,2x+y =13 and x +yz = 0.

Soln. Convert given equation in matrix form

PP p ® pm
¢ p M W=po
PP T Q@
PP P
=¢ p T =1(4-0)-1(-8+0)+1(21) =-4+8 +1=5 0
PP T
. pPTp P
Fpop T =10¢4-0)-1(-52-0) + 1(130) =-40 +52 + 13 =25
m p T
. PP
Yo ¢ po T =1(520)-10(-8-0) +1(013) =-52 +80-13 = 15
p T T
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. P p pm
c=¢ p p 0=1(013)-1(0-13) +10(21) =-13 +13 +10 =10
p p T
vy _ vy _ v
X=5=—=5 y=5=—=32=5=—=2
(12)A = g E . Find one such matrix B such A + B is a skeymmetric matrix .

In. L B="% ,
So et o0

_0 p,OO_0 O p @ D _p @
A+Bp c+Co’Q o &b ¢ 0 (A + g;))od) ¢ 0
A+B=-( A + B) 6
o ® P O__ 0 @O P O 3:a=3ia 2a=6 a=-3
p ® ¢ Q p O ¢ Q

Again,-1 +b=-17 ¢ b+c=0 b=-c
Again,2+d=2d 2d=4 d=2Hence,B-= g‘g’

LONG ANSWER TYPE QUESTIONS

¢ G U
DIfA= o ¢ T . Then find A%. Using Al solve the following system of equations :
P P S

2xX1 3y +5z=11

3X +2yT 4z =-5
X+yl 2z =-3
¢ O v
Solution: A= g ¢ T
P P C
¢ O UL
[A]l=0 ¢ T =2(-4+4) + 3(6+4)+5(32) =0i 6 +5=-1 0Hence Al exists.
P P C

Co-factors of elements of A are ;
An=(-4+4)=0,A=-(-6+4)=2,A3=312)=1
A21=-(675)=-1, Aco= (-471 5)=-9, Ax3=-(2+3) =5

A31=1271 10=2, A2=-(-871 15) =23, A3=4+9 =13
|
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T G P T p g
Adj(A)= p wW ULV =¢ WCO
¢ ¢opo p L poO
m p C m p C
Al=—Adj(A)=— ¢ ®w 0= ¢ W C(CO
p L poO p v po

Matrix Equation is

¢ o v ® pp
o C T W= v
p P ¢ « o

Since, AX=B
T p C pp
X=A1B= ¢ w ¢co v
P U poO O
® T U @ P
W= ¢C TULU Qw=¢ Hencex=1y=2andz=3
a PP UL W O
T T T p P P
(2) Determinghe product x p o p ¢ ¢

L O PG p O

and use it to solve the system of equations.

X-y+z=4,XI 2y1 22=9,2x+y+3z=1.

T 1 T P P P
Solution: LetA= x p o0 @& P ¢
0] G p ¢ p O
T 1 T p p P
AB= x p 0o p ¢ ¢
Y 6 p ¢ p O
T 1T ¢ 1T YT T Y p¢ Y T
= X P ® X G O X ¢ W =1y m
v o C v e p L ¢ O m mn Y
= 8 | éé6é. . (i)

Matrix Equation

P P P ® T
P ¢ ¢ O=0
¢ P o p
Since, BX=C
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X=BIC 6666 (ii)

From Equn. (i)

| =— Multiply by B Bl=—=— Bl=-
T 1T T T
From Equn. (i), X=BC=—=- x p o0
v o p P
w PO 0@ T CT o
W= C¢PYw o =- pe= ¢ Hence,x=3,y=2,z=-1
a Ccmaex p U/ p

(3) A shopkeeper has 3 varieties of pencils A, B and C. Sohan purchased 1 pencil of each varieties for a
total of Rs 21. Mohan purchased 4 pencils of A variety , 3 pencils of B variety, and 2 pencils of C variety
for Rs 60. While Sita purchased 6 pencil®\orariety, 2 pencils of B variety, and 3 pencils of C variety
for Rs.70. Using matrix method find cost of each variety of pencils.

Solution: Let Rs x, Rs y and Rs z be cost of variety A , B and C respectively.
According to question,

X+y+z=21

4x + 3y + 22 = 60

6x+2y+3z=70

In Matrix form

P P P w cPp
A=1 0 ¢  X=wW,B=o¢m
¢ ¢ O Q X T
P P P
|Al==1 0 ¢
¢ ¢ O

|A|=1(97 4)i 1(12-12) + 1(8i 18)=5i 0-10=-5 0

Hence Al exists.

Co-factors of elements of A are :
A11=(9-4) =5, A=-(12-12) =0, A3= (87 18) =-10
A21=-(37 2)=-1, A= (371 6)=-3, Az3=-(2-6) =4
A31=213=-1,Ax2=-(21 4)=2,A3=34=-1
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v T p Tl V) p P
Adj(A)= »p O T = T O ¢
p C p pT T p
. v P P
Al=—Adj(A)=— T o C
pm T P
v P P CP
X=AlB=— 1 o ¢ QT
pT T p XTI
PTIL @TU X T
=— T pyYmpTm
CPMCTT XTI
¢ UL
=— 1Im
T T
v
=y
U

Hence,x=5, y=8,z=8
Hence, cost of variety A = Rs.5, Hence, cost of variety B= Rs.8,

and Hence, cost of variety C = Rs.8.

¢ 0o pTm
@) (LIfA=1t @ v .Thenfind Al. Using A, solve the following system of equations :
® W QT
—+-+—=2--—4+-=5-+--—=-4,
¢ 0 pm
Solution: LetA=1 @ U
® W QT
¢ 0 pm
[Al=1 ¢ v
@ W QT
|A|=2(120i 45)i 3(- 807 30) + 10 (36 + 36 )
=2 7513 (-110)+10 72

=150+ 330 + 720

=1200 O
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Hence Al exists.

Co-factors of elements of A are :
A11= (120-45) =75, A>=-(-80-30) = 110, A3= (36 +36) = 72
A21=-(-607 90 ) = 150, A>= (-407 60) =-100, A3=-(18-18)=0

As1=15+60 = 75, Ao =- (10 40 ) = 30, As=-12- 12 =-24

_ Xu ppm XCQ Xu pum XU
Adj(A)=pum pIMT M =pPpPT PMMCT
XL O (T X¢ T CT
XU pUT XU
A‘lzaAdj(A):—ppn PTMTMOT
X¢ T T
Consider the equations
-+-+—=2;---+-=5-+--—=-4
In matrix equation
~T
q Y 117 S
T (p U 1To— U
¢ w ¢gTin T
uyv
Since, AX=B
Xu pum XL G
X=A'B=—ppnmn pnmomn v
X¢ ™ ct T
A~
D PUTT XUTT CTIT
IT"=—— CCMUTMMPCGT
i PTTTM WQ
Uy
A~
1147 (pT[T[
1T =— TTTT
Ill’,l CTT
Uy
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— — 2
~L A~
117 | I
1To = 17T

NP Y

g u U

Hence,x=2, y=3,z=5
CASE BASED QUESTIONS (4 MARKS QUESTIONS)

(1) Read the following text and answer the following questions on the basis of the same:

A manufacturer produces three stationary products pen, pencil and eraser which he sells in two mat
. Annual sales are indicated betow

MARKET/ PEN PENCIL ERASER
PRODUCTS
A 10,000 2,000 18,000
B 6,000 20,000 8,000

If the unit sale price of permpencil and eraser are Rs. 2.50, Rs. 1.50 and Rs. 1.00 respectively and unit
cost of the above three commodities are Rs. 2.00, Rs. 1.00 and Rs. 1.00 respectively ,then based on
above information answer the following:

(i)Find the total revenue of market A .
Solution:Let A= p I M@ TP YU TTTT
C® Tt
and B = p&
P38 Tt
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AB =10000 2.50 + 2000 1.50 + 18000 1.00
=25000 +3000 + 18000 = 46000
The total revenue of market A = Rs. 46000.
(i)Find the total revenue of market B .
Solution:LetC=@nmn @ M T TP 1T 1T
C® 1
andD=p® 1
P38t T
CD =6000 2.50 + 20000 1.50 + 8000 1.00
= 15000 + 30000 + 8000 = Rs.53000
The total revenue of market B = Rs. 53000.
(li)Find the gross profit in both market.

a1
Solution: Total Cost Price =P Tt TG LT TP ‘“”"p
G TUTLTE TUTUTIETY T
P8I T
_CMMUMQTITp YT

PCMMUNMNMIEY T
_T AN

UTITTTTTT
Total Cost Price of both market = Rs. 50000 + Rs. 40000 =Rs. 90000

The total revenue of both the markeRs. 53000 + Rs. 46000

=Rs. 99000
Hence, The gross profit in both market = Rs. 99088. 90000 = Rs. 9000
(2) Read the following text and answer the following questions on the basis of the same:
Two farmers Ravi and Ramu cultivate only three varieties of pulses namely Urad, Masoor and Mung
The sale of these varieties of pulses for both the farmers in the month of September and October are
by the following matrices A and B.

September sales in (Rs.) (Matrix A)
Urad Masoor Mung
Ravi 20000 10000 30000
Ramu 30000 50000 10000
October sales in (Rs.) (Matrix B)
Urad Masoor Mung
Ravi 4000 10000 9000
Ramu 5000 10000 8000
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Answer the following question with the help of above information.
Using algebra of matrices answer the following questions.

® Find the combined sales of Masoor and Moong in September and October for farmer Ramy .

Solution: The combined sales of Masoor and Moong in September and October for farmer Ramu
SUTMTMMNTNPMITHIP MNP
QTMMTTP YT
=Rs. 78000
(i) Find the combined sales of Urad and Masoor in September and October for farmer Ravi .
Solution: The combined sales of Masoor and Urad in September and October for farmer Ramu
S QTTTTP TMITHIT M P T
S CTIMMNMNGTITT
=Rs. 44000
(3)Read the following text and answer the following questions on the basis of the same:
Three DPS, CVC and KVS decided to organize a fair for collecting money for helping the flood
victims. They sold handmade fans , mats and plates from recycled material at a cost Rs 25, Rs100 g
Rs50 each respectively . The numbers of articles solgieea as:

School/Article DPS CVS KVS
Handmade fans 40 25 35
Mats 50 40 50
Plates 20 30 40

(HWhat is the total money (in Rupees) collected by the school DPS ?

Solution:The total money (in Rupees) collected by the school DPS

Cu
=TmuTr ¢ p 11000 + 5000 + 1000 = Rs.7000
LTI

(i) What is the total amount of money (in Rupees) collected by schools CVS ?

Solution: The total money (in Rupees) collected by the school CVS
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qu
=quTTmoTm pTE 625+ 4000 + 1500 = Rs.6125
U T

(iWhat is the total amount of money collected by all three schools DPS, CVS, and KVS ?
Solution:The total amount of money collected by all three schools KVS

cu
=ouvuTm T prE875+5000+2000 = Rs.7875
VT

The total amount of money collected by all three schools DPS, CVS, and R¢SF600 + Rs.6125 +
Rs.7875

= Rs.21000

HIGHER ORDER THINKING SKILLS

mpop
(1) Find A*ifA= p m p andshow that A=——.
ppT
mpp
Solution: Giventhat, A=p 1 p
pp T

|[A| =007 1)i1(0i1)+1(1i0)=0+1+1=2 0

Hence, Alexists.

Co-factors are,
A1=(0-1)=-1,A>=-(0-1)=1,A3=(1-0)=1
A2=-(07T 1)=1, A>=(0711)=-1, A3=-(0-1)=1

As=10=1Ao=-(0i 1)=1,A3=0-1 =-1

_ P P P P P P
Ad.(A)==p p p =p p P
P P p P P P
. _ P P P
A"=—Adj(A)=- p P P
P P p
mppTmTPEP mp p T T PP T Pp T
A=A A=p mm p p T P =T T P P M PP T
pp TP PpT mp mpep T TP Pp T
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P
QA= ¢ p ¢ ,equation then find the value of'A
n P P

Using A, solve the system of linear equations
XT2y=10,2Xyiz=8,and2y+z=7

p ¢ ™
Solution: LetA= ¢ P C

T p P

|A|=1(112)i2(2+0)+0(2 0)
=3+4 =1 0 Hence, Al exists.

Co-factors are,
An=(-1-2)=-3,A=-(-2+0)=2,A3=(2-0)=2
A2=-(27 0)=-2, A= (171 0) =1, As=-(-1-0)=1
Asi=-4+0=4 App=-(2+0)=2, As=-1+4=3

0O ¢ C o ¢ T

Adi. (A)= ¢ p p=¢ p ¢
T ¢ O ¢ p O
_ o ¢ T c ¢ T
At=—Adji(A)=- ¢ p ¢ = ¢ p G
¢ p O ¢ p O
This is the form of CX =D
Matrix Equation
P ¢ M ® pm
C P p W=y
n ¢ p « X
P ¢ T W p T
Where,C=¢ p phd @ ,D= y
m ¢ p Qa X
We know that 0 =0
p ¢ T
C'= ¢ p ¢=A
m p p
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() 0O ¢ C pT o p@ pPT 1

X=C'D ®= ¢ pp Y = ¢m Y x = U

) o T ¢ 0 X T PO GCPp o

Cx=0,y=-5,z=-3
¢ C T p p T

(3)GivenA= 1 ¢ T andB=¢ o0 1 ,thenfind BA and use this to solve the system of
C p v m p Q

equations
y+2z=7,%y=3,and 2x + 3y + 4z = 17.

P p 1T ( S T
Solution: BA = ¢ T T C T

(0)
TP ¢ C p U
Tt

¢ T ¢ ¢ T T T T @ T T
=T pc YT © T Y pg qgm=m @ M =6l
m T T T ¢ ¢ T T PpT1 T T @
¢ gq T
Bl=-=- 1 ¢ 1
C p v
The given equations itMatrix formis
P p MW o
¢ 0 T W=pK
n p ¢4@ X
W p p M o
W=¢ o T pX
a m p gq X
¢ C T O
=- T C T pX
C p L X
@ o1 QY pPC C
= pCOoT CY=- 0= p
¢ pPpX OUL T T
Cx=2,y=-1,z=4
EXERCISE

MULTIPLE CHOICE QUESTIONS

~

(1) Value of k, for which A = TQ clLJQ is a singular matrix :

(a) 4 (4 (c)0 (d)4

(2) Given that matrices A and B are of order 8 and m 5 respectively , then the order of matrix C =
5A+3Bis

@3 5 (5 3 (c)33 (d)55
( 3) Total number of possible matrices of order3with each entry 2 or O is

(a) 64 (b) 128 (c)512 @y o
|
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p T T
(4)Thematrixm ¢ misa

mTmno
(a)Symmetric Matrix (b) SkeSymmetric Matrix
(c) None of these ( d) Identity Matrix

G ® Tw _ X XW po ey
(5)If 0> X T o o then the value of x + y is

@x=3,y=1 (b)x=2,y=3 (c)x=2,y=4 (d)x=3,y=3
(6)Giventhat A is a square matrix of order 3 and | A-2=then

| ad j(2A) | is equal to

(a)-2° (b) 4 (c)28 (d)2

(MFormarixA= S Y, (adjA)6 is equal to
PP X
a b c
@50 x® g (7% @ ¢
(8)The value of x for which®, W_0 ¢
w P T p

0)

(9)ForA= g , then 14 Al is given by

¢ P T G ¢ p c P
14 b d) 2
@45 Po) L Sy S@z ) f

(10)If A and B are square matrices of the same order 3, such that | A| = 2and AB = 2 |, then the valug
Bl:

(a) 4 ()4 (c)0 (d)2
ASSERTION REASON BASED QUESTIONS

*In the following questions , a statement of assertion (A) is followed by a statement of reastimo(Re
the correct answer out of the following choices.

(@) A and R both true and R is correct explanation of A.

(b)A and R both true but R is not a correct explanation of A.
(c)Ais true but R is false.

(d)A is false but R is true.
|
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(1)Assertion (A) :If matrix A = PP andmatrixB=" T thenaB= P !
¢ p p T p T
Reason (R):Multiplication of matrices A and B or AB is defined if number of columns of A = number of
rows of B.
L1
( 2 )Assertion (A) : Matrix B = Tt represent identity matrix.
T TT U

Reason (R):A diagonal matrix whose all the elements are 1 is identity matrix.

p

( 3 )Assertion (A): Matrix A= p and
1S

DoON
© d4

matrix B = g Up O(p then order of matrix AB is 3 2.

Reason (R):If order of matrix A is m n and order of matrix B is rp then order of matrix A Bis m
P.

C W 0 W C
(4) Assertion (A): If A= ¢ C p isasymmetric, then x = 5.
o p 0]

Reason (R):If A is symmetric matrix thel\= A 6

(5) Assertion (A):The area of the triangle whose vertices are (2,7),(1,1) and (208,8Qisunits.

Reason (R): The area of the triangle whose vertices aga)(kx2,y2) and (%,ys) is -

e &€

e &€

gelhelhel
2]
o

units.

(6) ) Assertion (A):For the value of k=2 or 12 The area of the triangle whose vertices aré)(,4) and
(k,4) is 35 Sq. units.

w w p
Reason (R): The area of the triangle whose vertices aga)(kx2,y2) and (%,y3) is- W ® p Sq
w 0w p
units.
VERY SHORT ANSWER TYPE QUESTIONS
T O
(1) If matrix A = ¢ M p is given to be symmetric then find the value of a and b.
WP T

(2)Find the value of x y ,if2 P 0 + @ T -V @

T pg p oy
I
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B)IfA= Cp ’}T"“c Mand B = “C" Tonthen find the value of | AB |.

(4)If area of triangle is 35 sq. units with vertices@p,(5,4) and (k,4) then find the value of k.

o

OLEE A

2 and | is the identity matrix of order 2 , then show that BA + 7 | = 0.

@i S Pa 9 & =P T ihenfind matrix A.
X T v c T P

SHORT ANSWER TYPE QUESTIONS

P ¢ ©
(DfA=0 ¢ p,thenshowthat®A 23 Ai 401=0.

T ¢ p
(2) Find the values of aand b if A =B, where A(’%LIJ t 0w

andB=S® ¢ & ¢
W LW

1l
¢ 0 p

(3 ) Expressthe matrip  p ¢, as the sum of a symmetric and a slggimmetric matrix.
T p Q

aa=P &
@) ¢ p

Then using A, solve the system of equation$ 2y =-1, 2x +y = 2.
(5 )Thesum of three numbers is 2. If twice the second number id added to the sum of first and third , {

sum is 1. By adding second and third number to five times the first number, we get 6 . Find the three
numbers by using matrices.

(6) Solve the following system of equations usji

X+y+z=10,2x+y=13,x +iy4z = 0.

LONG ANSWER TYPE QUESTIONS

(1) A school plans to award Rs.6000 in total to its students to reward for certain alesty, regularity

and hard work. When three times the award money for hard work is added to the award money give
honesty amounts to Rs.11000. The award mdoefionesty and hard work together is double the awarg
money for regularity. Use matrix method to find the prize money for each category of award.

p P Q ¢ m p
(2) Use the productt ¢ O W ¢ o solve the system of equations. x +387- x + 2yi
6 ¢ T ¢ p C

22 =4,2x-3y + 4z =3.
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KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 55

he

n for




p T q
(3)Show that the matrix , A=¢ p ¢
o 1 p

satisfies the equation®& A2i 3A 1T l3= 0. Hence, find A .

CASE BASED QUESTIONS

Read the following text and answer the following questions on the basis of the same:
(1)A trust fund has Rs.35,000 is to be invested in two different types of bonds . The first bond pays
interest per annum which will be given to be orphanage and second bond pays 10 % interest per a
which will be given to an N. G. O . Trust fund obtemn annual total interest of Rs. 32,000.
()Find the invested money in first type of bond by matrix method.
(iHFind the invested money in second type of bond by matrix method.
Read the following text and answer the following questions on the basis of the same:
(2) Two booksellers A and B sell the textbook of Mathematics and Applied Mathematics . In the month
March , bookseller A sold 250 books of Mathematics and 400 books of Applied Mathematics wher
bookseller B sold 230 books of Mathematics and 425 booksptied Mathematics . In the month of April
bookseller A sold 550 books of Mathematics and 300 books of Applied Mathematics and bookseller B
270 books of Mathematics and 450 books of Applied Mathematics .
(i) Find the total sale for bookseller A using matrix method .
(i) Find the total sale for bookseller B using matrix method.

HIGHER ORDER THINKING SKILLS

(2) An amount of Rs.5000 is put into three investments at the rate of interest of 6 %, 7% and 8% per ar
respectively. The total annual income is Rs. 358. If the combined income from the first two investmen
RS.70 more than the income from the thirddfthe amount of each investment by matrix method.

c ¢ T P ¢ T
(2)fA= ¢ p ¢ MO C p ¢ thenfind AB
¢ P O mn P P

and use it to solve the system of equations.
X-2y=3,2Xi yi z=2,-2y+z=3.

¢ o p
@) IfA=p ¢ ¢ findA™
o p P

Using A, solve the system of linear equations

2x +y-3z = 13, 3 x +2y +z = 4, and x+2y = 8.

(4) A mixture is to be made of three foods A,B,C. The three foods A,B, C contain nutrients P,Q,R as
shown below:

Ounces per pound of nutrients
Food P Q R
A 1 2 5
B 3 1 1
C 4 2 1
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How to form a mixture which will have 8 ounces of P, 5 ounces of Q and 7 ounces of R?
ANSWERS OF EXERCISE
MULTIPLE CHOICE QUESTIONSs

(d) 4 (2)@3 5 (3)(c)512 (4) (a)Symmetric Matrix 5 b) x =2,y =3
@(d)2 (o) X RP@ed) wic (ox) | o (10)@)4
ASSERTION REASON BASED QUESTIONS

(1)(a) (2(0d) (3)(a) (4(a) (3)(d)(6))(a)
VERY SHORT ANSWER TYPE QUESTIONS

(1)-2,b=3 (2)xiy=0 (3)|AB]|=-7000 (4)k =-2 or 12.
(5)A2-5A+71=0. () X Y

pPp
SHORT ANSWER TYPE QUESTIONS ( 03 MARKS QUESTIONS)

(1) A% 23A1401=0. (2)a=2andb=2

~ C 1T ~TT p —

C o p 11 O | )
(3)p p ¢=1€ p —2tup T -2(4) X=-,y=

1 p q 11 |’,| 11 |"|

v - Su- T W

(5)1;1,2 (6)x=5,y=3,z=2
LONG ANSWER TYPE QUESTIONS ( 05 MARKS QUESTIONS)

(1) The award money for honesty = Rs.500,
The award money for regularity = Rs.2000
The award money for hard work = Rs.3500
(2) x=36,y =5, z=15.

(3)A! = LIJw pr cc
v T o

CASE BASED QUESTIONS (04 MARKS QUESTIONS)
(1) (i)Rs.15000(ii)Rs.20000 (2)'(i)1500(ii) 1375
HIGHER ORDER THINKING SKILLS

(1) x =Rs.1000, y = Rs.2200 and z = Rs.18002 ) Ans. x =1,y =1,z = 1.

(3)Ans.x=1,y=2,z=3.(4) Food A =1 pound, Food B = pound, Food C =1 pound.
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UNITT 3

Mind Mapping
CALCULUS
1 l| ]
DIFFERENTIATION INTEGRATION DIEFQEURAErll\ngIAL
APPLICATIO
N OF
DERIVATIVES
PARAMETRIC
sz:g:ls DIFFERENTIATI DECREASING
ON FUNCTIONS
oc c DERIVATIVES MAXIMA |
D" AR'T”M'ON OF HIGHER MINIMA
IFFERENTIATI ORDER
RATE OF |
CHANGE |

MARGINAL COST AND |
MARGINAL REVENUE |-
FUNCTIONS

DIFFERENTIATION

Gist/Summary of the lesson:

1) IMPLICIT DIFFERENTIATION An implicit function is defined by an equation involving both x
and y as f(x,y) =0,where y cannot be explicitly expressed as x

2) LOGARITHMIC DIFFERENTIATION
MO pAKROARDI AAGOEAT & ofEle A

3) PARAMETRIC DIFFERENTIATION
Il f x and y are two variables such that both
i.e., x=f(t), y=g(t) is said to be in parametric form with t as the parameter
Applying chain rule

- - - or — — (whenever— Tt

4) DERIVATIVES UPTO SECOND ORDER

Lety =f(x)
Then— AHX)
If AHXx) is differentiable, then— — =—=/&(x)

which is called the second derivative of y w.r.t x.
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SOME IMPORTANT FORMULAE

ua — 9 (%]
u —AT T O0Al O
u — 11
u —A A TI1TE
— A A
A @

LAWS OF LOGARITHM

U log (a b)=logatlogb

U log- 11T CATAC

0 logd=n loga

0 Productrule:&£ C =f g6f @

U0 Quotientrule: - 80 &

i Chain rule L If y=f(u), u=g(x), ther =8

i A£C=£C
APPLICATION OF DERIVATIVES

Rate of change of quantities

U — represents the rate of change of y with respect to x
U Ifyincreases as x increases, thelis positive

U If y decreases as x increases, theis negative

Increasing /Decreasing function

Let | be an interval contained in the domain of a real valued function
Then f is said to be

Increasinginlifd @E)+ A AD

Decreasingin|lid @E)+ A AD

Constantin |, if f(x)=c for al@~ ), where c is a constant

Strictly increasingin i @ E)+ A A2

Strictly decreasingin|i®@ @ E)+ A MAD

Let f be continuous in [a,b] and differentiable in (a,b)

DB ACARIEEAD nAEIAA BE AA

[ - enHEN et enHE e

c:

U EDAAOCRARIGBREAD nAEIRABE AA
U fis a constant function in[a,b], &£ @ TETAOA BE  AA
\' ‘/__'E T :: N\ 1
o) X x> X o «x X2 X
Increasimg function Decreasing function
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Strictl%increasing Neither increasing nor decreasing function

Marginal cost function and Marginal Revenue functions
COST FUNCTION(C(x)): If C is the total cost incurred in producing and marketing x units of a
certain commodity, then a function relating C and x is called a cost function.

Fixed cost:It is the sum of all costs that are independent of the level of production.
Variable cost: It is the sum of all costs that are dependent on the level of production.

TC=TFC+TVC

TC

T

TFC TVC

Supply function: A relation between the price per unit and the quantity supplied by the producer in
the market at that price is called the supply function.

Total Revenue Function(R(x):If R is the total revenue collected by a company when it sells x units
of a product at price p per unit, then R is given by R =

Profit function P(x)= R(x) - C(x).

Break 1 Even Point: The breakeven point is the level production where the revenue from sale is
equal to the cost of production and marketing(x) = C(x).]

Average cost:lt is the cost of producing and marketing each unit of the prod%ﬁ:.:fb—b]

Marginal cost: It is defined as the rate of change of the total cost with respect to each unit of
i o

product [MC:% Ao ]

Average RevenueRevenue per unit is known as average revemk%

Marginal Revenue: It indicates the rate at which the total revenue changes with respect to units
sold[MR==, 1] ©

Average Cost (AC)

AC= g, C is the total cost for producing x units of commodity
Also 4 # 4&#46#
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KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 60




o

i B

or, AC = AFC +AVC, [AFGAVverage fixed cost, AV&Average variable cost]
Demandfunction: Revenue and Profit function

The price per unit and the quantity demanded at that price are related inversely
Or, the higher the quantity demanded, lower is the price
If p is the price per unit and the demand of the item is x uthtn, x=f(p)

Demand function

quantity , x

R(X)=0

N

B

Price,p

Revenue Function

*

Quantitv . x

n_710

T Average revenue functiohR=-=—" 1

6 o

The Average revenue is the same as price per unit

INTEGRATION

INTEGRATION

DEFINITE INTEGRALS

INDEFINITE
INTEGRALS

APPLICATIONS

EVALUATION BY|
FUNDAMENTAL

THEOREM

METHODS OF
INTEGRATION

AREA UNDER T SCL(J)RNPSLLLJJ’\Q?ARNSD INTEGRATION B an INTEGRATION B
CURVE PRODUCERS SURPLUS SUBSITITUTION PARTIAL FRACTI(
INTEGRATION B
PARTS
Xn+1
* fdx = +C
n+1
* ﬁ..dx =x+C
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=

*x ~

=2Jx +C

o

*-dx=log,x+C

*ﬁa"dx:e"+C
X

s Fpidx=——+C

log.a

*08Qw 608 AW, — . LW W
* A fedax =1 (x)dx+C
*”zdxzzio X“d,cifx>a

-a® 2a X +a

dx 1 a+Xx .
* =—lo +C, ifx>a

2-x? 2a ga-x

dx
*f—— =log |x +Vx* +a& |+C
Ia2+x2

dx
* fi—— =log | x +Vx*- a* [+C
[y2 - 22

2
* n\“/x2+a2dx=g\/x2+a2 +%Iog‘x+\/x2+a2
2
* X - azdngvxz- a’ - %Iog‘x+\/x2- a’
* UMD o - o —OEI- 6
* TR0 () ° s f. (x)kdx
=f.00dx° ff.(x)dx° .......... ° fn (x)dx

+C

+C

b
* ff (x) dx = F(b)i F(a), where F(x) F{(x) dx ,

* Cost Function, C(x) = - # @A @vhere MC is Marginal Cost

* Revenue Function, R(x) =- 2 @A @vhere MR is Marginal Revenue

* Consumers6 Surplus, [is the gain made by
at a lower price rather than the price they would have been willing to pay]
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KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 62

c O




price p 1

supply curvg,p=S(x)

: 4 Point of equilibrium
PS

demand curve p=D(x)

unit (X)

CS= $ @A Bpoxo where D(x) is the demand curve

* Producersod6 Surplus, [ iIs the gain made by| p
price rather than the price they would have been willing to sell]

PS=pxoi . 3 @A & where S(x) is the supply curve

* The equilibrium price is the price where the amount of the product that consumers want to buy
(quantity demanded) is equal to the amount producers want to sell (quantity suppliedjutTiaity
desired amount is called the equilibrium quantity.

For more details, refer the following
linkhttps://www.youtube.com/watch?v=W5nHpAn6FvQ&t=20s

DIFFERENTIAL EQUATIONS

DIFFERENTIAL
EQUATION

ORDER AND| SOLUTION OF |FORMATION QF |MATHEMATICAL

DEGREE D.E D.E MODELLING
GENERAL PARTICULAR GROWTH l
SOLUTION SOLUTION MODEL PlECAT MR

DIFFERENTIAL EQUATIONS AND MODELING
SOME IMPORTANT RESULTS/CONCEPTS

DIFFERENTIAL EQUATION
An equation involving derivative(s) of the dependent variable with respect to the independent
variable(s) is called a differential equation.

— =¥ éé (+)B — Tmé (ii)
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ORDER OF A DIFFERENTIAL EQUATION : The order of differential equation is defined as the
highest ordered derivative of the dependent variable with respect to the independent variable invalved
in the differential equation.

DEGREE OF A DIFFERENTIAL EQUATION
For the degree of a differential equation to be defined it must be a polynomial equation in its derivatives.
The degree of a differential equation, when it is a polynomial equation in its derivatives is the highest
power (positive integral index) of theghiest order derivative involved in the differential equation.
DIFFERENTIAL EQUATIONS AND MATHEMATICAL MODELING
GROWTH AND DECAY MODELS The mathematical model for exponential growth or decay ig
given by f(t) =1 A
Where: represents timé the original amount y or f(t) represents the quantity attime t ;k is a constant
that depends on the rate of growth or decay If k > 0, the formula represents exponential growth; If k <
0, the formula represents exponential decay

MULTIPLE CHOICE QUESTIONS (01 MARK QUESTIONS)

1) The cost function for a manufacturer is given by C&)=@ ¢ @n rupees)

Which of the following statement is correct based on the above information?
a) The marginal cost decreases from 0 to 1 and then increases onwards

b) The marginal cost increases from 0 to 1 and then decreases onwards

c) The marginal cost decreases as production level increases to 0

d) The marginal cost increases as production level decreases to 0

Answer: (a)

Solution:

The marginal cost function is given by MC)= @ ¢ @ ¢

-# 0 qO¢
So,the marginal cost decreases from 0 to 1 and then increases onwards

2) The absolute minimum value of the functi@@ 1 @ -@ inthe interval c¢h- is

a) 8 b) -9 c}10 d1L6
Answer: (C)
Solution:
AX) = 4x
AX)=0+ @ 1
Cthe absolute minimum value of the functio@ Tt @ -@ intheinterval ¢h is
-ElEchE M= - ET p fiih— p T

3) If f(x)=log x, then the derivative of f(log x) is

a) — b) — c) x log x —
Answer: (d)
Solution:

f(log x) = log(log x)
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AX) =—— by applying chain rule

))& @ O VD EBB888HMHS

Then—is equal to

a) 2y-1 b) — c) 2y-1 H—
Answer: (b)
Solution:
y*= xty
or, U—=1+—
o, cUp — p hence—=—

5) The sides of an equilateral triangle are increasing at the rate of 2 cm/ sec. The rate at which its ar
increases when the side is 10cm is

a) 10 cnf/sec b) p #ocné/sec
c) — cnf/sec Iy ci/sec
Answer: (b)
Solution:
Area (A) YA
— % CA-—
=" CAc
—AA pTE@_— ¢ T ¢= p Mocnf/sec
6) Themaximum value of—
a) e b) - c) & d)-e

Answer: (b)
Solution:

Y=—o

AU e
— Tt 1 1aC pEAT @ AA

Ag@

AU @ 5 o iicw
AQ %

AU |

H e n Themaxmum value of—is-
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7) If the selling price of a commaodity is fixed T45and the cost function is C (x)= 30 x+240, the then
breakeven point is
a) x =10 b) x=12 c) x=15 d) x=16
Answer: (d)
Solution:
R(x) = 45x
At breakeven point R(X)=C(x)
45 x = 30 x+240+ x=16

8) If the demand function for a producttbls —— , where x is the number of units and p is the price per
unit,then the value of x for which the revenue will be maximum is
a) 10 b) 20 c) 40 d) 80
Answer: (c)
Solution:
RX)=pXx=—— @ ——

Atmaximum,2 @ TAT A @ ™
Hence— 1t @ 1 T
2 GAG 1w
9) The order of the differential equation corresponding to the family of curves
y=k cos X + p (q cos-R) is
a) 1 b) 2 c) 3 d) 4
Answer: (b)
Solution:
y=k cos X + p (q cos-K) is
=(k+pg)cos xpr
=a cos x+b
No of arbitrary constant=2 the order is 2
10) OA KA 1 @ @ atan (7 4x) +c, then the value of a is

a) 1 b) — c) 3 q0 |
Answer: (b)
Solution:, OA KX 1 A & —0Ak 10
11). ¢ % Adsequalto
a) -4 b) 4 c) 8 d) 12
Answer: (b)
Solution:, ¢ B AD
CAD ¢ WAD
C C_
(%] ¢ () n_4
12)The general solution of the differential equation: x dydx =0
a) x> y’=c b) x2 y?=2c c) Xxy=c d) x=cy

Answer: (d)
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Solution:
AU Ag
u @

Solutionis — | —

Or, log y=log x+log ¢
Or, log y=log cx
Or, y=cx

13) The integrating factor of the differential equatidn- ¢ U @ @ Tis

a) x? b) logx c) 2x - d)
Answer: (b)
Solution:

— ¢- @ 9D m
Integrating factor igk “dx =A  =x?
14). A A @& equal to

a) M AAQ@ by MM AAQ® c), MA@ d M AAQ
Answer: (b)
Solution:
let ADAD &0 A
; A A
then AJAD &QA X
=F(b+c}F(a+c)

A A A @=F(bc)-F(ac)
A3 A A @ F(b+cyF(a+c)
D A BF(b)F(a)

A2 A A @& F(b2c)F(a2c)

15) If the marginal cost function of a product is given by MC#k3-3X% and fixed cost iX 500, then
the cost function is

a) p MABCX> @ b)yv mmp M@x? @ C)
VTITIP MUK WD d) -4+6x

Answer: (b)

Solution:

CX= pnt1@0d AD
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=p X2 @ +k
When x=0, R(x)=500
Hence k=500
Hence C(x)=uv mmp M @cx> @
16) The marginal revenue function of a commodity is M8& ux? then the revenue function is

a) (g wd b) 2-18x & od
dpy & od

Answer: (c)

Solution:

RX)=. ¢@ wOAQD
=2 od

17), — is equal to

a) f(x).log(f(x)) + C b)

Answer: (d)
Solution:
EDAD

Ml 1 g
1 1dCl Qs+C
1 1dCi gs+C
18) A spherical ice ball is melting at the ratepoft A& | O A Fhe rate at which its radius is decreasing,
when its radius is 15 cm, is

# o0 —— # d)i idCi @s+C

a)-Aifl EI by —Aif EI c)—Ain EI d—AM ET
Answer: (C)
Solution:6 -AO and—  p T TT
A6 s A O
Ao 'Y Ro
_AO

PTITT /OATO

Hence— ——  —cm/min

19)LetU /- andE@ @ ,whatis the value 6 at x=
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a) — by — ) oc d) ot

Answer: (b)
Solution:

—=fF- — -

p P
2 2
AU
= (%]

| >
"l he)

>

20) Total revenue in rupees received from the sateuddits of a product is given bY ®  ow
o @ U. The marginal revenue, when p us
a) 96 b) 126 c) 116 d) 90
Answer: (b)
Solution:
Yo e ogeandY pu pc.o
21) The area (in sg. Units) bounded by the cudve g the xaxis, x=1 and x=4 is
a) — b) - c) — d)—
Answer: (c)
Solution:
Area= UA @
= VoA @
= @@ =—sq.units

ASSERTION - REASON BASED QUESTIONS

In the following questions, a statement of Assertion (A) is followed by a statement of Reason(R).
Pick the correct option:

a) Both Assertion (A) and Reason(R) are true and Reason(R) is the correct explanation of Assertion|(A).

b) Both Assertion (A) and Reason(R) are true but Reason(R) is NOT the correct explanation of
Assertion (A).

c) Assertion (A) is true but Reason(R) is false.

d) Assertion (A) is false but Reason(R) is true.

1) Assertion (A): Whenever marginal cost = marginal revenue, the profit is maximised
Reason (R) :At this point, the cost of producing an additional unit equals the revenue it generates
Answer: (d)
Solution:

If C is the cost function and R is the revenue function, thenM@ard MR=—
Profit P (X)=R(x}C(x)
Or,—— —=MR-MC
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2)

3)

4)

5)
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At maximum,— 1+ MR-MC=0t+ MR=MC

MR=MC alone is not sufficient to prove— T1[MC should be rising to satisfy the second

condition]
Hence théAssertion (A): is false
TheReason (R)is correct because if MR=MC, then the firm earns exactly as much revenue from
selling one more unit as it spends producing it. Beyond this point, if MC>MR, producing more wou
reduce profit
Assertion (A): The order of the differential equation corresponding to the family of clives
AA@ AR is3
Reason (R) The total number of arbitrary parameters in the given general solution is the order of
corresponding differential equation
Answer: (d)
Solution:U AA@ AA AA@AA

I @ " A has 2 arbitrary constants.T O A AQ©
Assertion (A) is false and Reason (R true

Assertion (A): The solution of the differential equationd- 1 @ Trepresents family of ellipses

Reason (R) Equation of ellipse is- —
Answer: (b)
Solution:o - T @ T

ooy 10
Or, 3ydy=4xdx
Solutionis . c WU 1@ O

~

Or,—U ¢@ #whichis an ellipse

Assertion (A) is true and Reason (R3 true
Assertion (A) : Consumer surplus is represented by the area under the demand curve and above
market price.

Reason (R: Demand curve shows the maximum price a consumer is willing to pay for different
guantities.

Answer: (b)

Solution:

Assertion (A) is true because the area under the demand curve and above the price line
correctly represents the total benefit over actual expendtuttas is the
consumer surplus.

Reason (R) is also true and it correctly explains the assertion because the demand curve indeed

the maximum price consumers are willing to pay.

Assertion (A) : A2 Ais strictly increasing for alpn 2

Reason(R) if f(x) is strictly increasing function, thei o

Answer: (a)

Solution:'H6 A mfor all@N 2 .hence assertion is true

Reason(R) is also true

d

he

he

show




6) ANTTHI"AID T T ¢ U n

Reason (R)— — —

Answer: (b)

Solution

v iTed o

o %]

Ca »p

Again, differentiating both sides w.r.to x,
t @ U ™

Hence (A) is true
(R) is also true. But (R) is not the correct explanation for (A)
7) Assertion (A): The maximum profit that a company makes, if profit function is given by
0 1TpgTtdYW;, where 6x06 is the number o
Reason (R ):The profitis maximum atx=a@ A TAT®& A =
Answer: ()
Solution
PX)=T p ¢ T GYJ
09 C¢1 po@

CT
0 1t @ —
po

0 @ poe Tt @ -isa point of maxima

Valle!

Max Profit=P=0 tp - ¢T1T Y - LW
Assertion is true, but reason is fals~e
For maximum at x=a ifE 'H ‘Hi "B 'H

8) Assertion (A): @ p ol BQAD =0 | |I& #)
Reason(R):— @ 1 1@ # @p ol BC

Answer: (a)

Solution

U @ 11 #

— ® - ow af{dD @ p ol BBenceReason (R)$ true

Assertion (A)is true as integrals are anti derivative

9 AT HT AL p 1 TaCQd @ &

Reason(R) :— ® =& p 1 Tag
Answer: (a)
Solution :y =)

logy =x.log x

differentiating w.r.t X,
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o e
C— wp 1l
=0 p I T
HenceReason (R ) $ true
Assertion (A) is true as integrals are anti derivative
10) Assertion (A) DE#EZ & T @ o T g the total cost function, then the fixed cost=Rs. 300
Reason (R): The fixed cost of total cost function = C(0)
Answer: (a)
Solution: fixed cost=C(0)xt 1T T L © Tt Tt O T..INence (A) is true
Reason (R) is also true
VERY SHORT ANSWER TYPE QUESTIONS

1) Question: Find the rate of change of volume of a sphere with respect to its surface area when the
radius is 5 m
Solution:The volume V, surface area S of a sphere of radius r is givén by“i ,3 1 O

— -0 TO ,— Yo
- = i oA
2) QuestionFind the derivative of *
Solution: lety =
logy = x.log x
differentiating w.r.t X,
-— p 11g
C— wp I Tag
=0 p I Tag

~

3) Question: Find the absolute maximum and absolute minimum vall@af & cofoN Tt
Solution: ] te e
f0)=0, f1)=p ¢ p, f(2=¢ 1=0
absolute maximum value=0
absolute minimum value= 1
4) Question:Evaluate, eg W e

Solution: | epg ‘H, , B_ i m'm,

o n =m, , =’ =’ .
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5)

6)

7)

8)

Question:

is equal to

Solution:

— X |oxX|D XD ,
O,I'O
o

| #

.. O
[ 1 W #
X p
Question: The cost function for a certain commodityisd p ¢ o @ -@. Write down total

cost,Fixed cost, variable cost and average cost when 3 units are produced.
Solution:
Total cost= C(x) when x=3

|©

=p¢ 0 0 - w=18
Fixed cost= C(x) when x=0
=12

Variable cost=0 @ -@) when x=3
=0 o o0 @[or,total cosffixed cost]
Average cost=— when x=3

=— 0 -0 =4+31=6

Question: The marginal revenue function of a commaodity is MR = hfind the revenue

function. Also find the revenue obtained on selling 4 units of the product.
Solution: R(x) = - 2A @
= x —AQ
=X & ——
CR(x) when x=4
= X T —_— —
Question:
The marginal revenue of a product (in Rs) is given by MRx#3J , where x is the number of units
produced and sol@he revenue generated is Rs 20 when x=4.Find the demand function.

Solution:
20 Db O
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Or2@ _-2A0
= X 1900 AQ
=x0c¢d @ E
When x = 4, R(x)=20
C 20 =2832+64+k

Or,k =40
RX)=x@cd @ 11
203 b x

Orx¥9c¢d @ tnb O
Orb ¥ ¢c@0 —

C the demand functon® X ¢ @@ —

9) Question:
The price per unit of a commodity produced by a company is given by»x30 and 0 x0i s
demanded. Find the revenue function R, the marginal revenue when 5 commaodities are in deman
produced)
Solution: The revenue function R is given by
20 b @
=(30-2x)x
=01 Jdcd
CMR=— 2 @
=30-4x
The marginal revenue of producing 5 commodities is

— OMT L pPT

10)Question: Find the intervals in which the functidBd @ -@ is strictly increasing or strictly
decreasing

Solution: £0 103 19
=T @0 p

AP 1 Elphb + fisstrictly increasing inphb
AD TEI HWHp n
Or f is strictly decreasing in Hiwt ©  1ip
11)Question: Find the absolute maximum and minimum value of the function value of &x)=c &
in[0,2]
Solution: £@ o@ oh £ n + @ php
f(1) = =2,f(0)=0,f(2)=2
Cabsolute minimum value2
absolute maximum value=2
12) Question: Let the cost function of a firm be given by the equation G{xjertp @ -9 .Find the

output at which the marginal cost MC is minimum

Solution: f(x)=MC=— # =0 m ¢ 1 @D
I —————————
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ED Cmc¢od
AD 1 t+ x=10
. q
Epmn m
Cf(x) or MC is minimum at x=10
13) Question: A manufacturer produces x pants per week at total cost @RsX ¢ @¢ v 1Tte
price per unitis given by 8x=6g0, where 6ép6é is the price of
obtained ,where the profit function is given by P(X)=R{XXx)
Solution: The revenue function R(xX)® ©&=(600-8x)x=¢ 1t TT @D
The profit function P(X)=R(¥C(X)
=W V@ CcuTT

0@ vggpWw
0 1m + x=29

0 @ pYy 0 cw pyY T
The profit is maximum when 29 sets are produced per week and the maximum profit per week is
P(29) = Rs.5069

14) Question: Evaluate ———— A @
Solution: Let ————A Q@G - ———A Q@
= — —AQ
=1 T ps -1 I o3 #
15) Question: Evaluate ; @A A @
Solution: A AP @ AAD — O AABD#

o— _ps—Ag# @— — #
16)Question: Evaluate : 92 A @

Solution:, A0 ¥ (AP W AP W ¢AD
@ cAgQ. O cAQ

Ml

= = 4 sqg. units

17)Question: Solve the differential equaticd U pA@ U @ pAU 1
Solution: @ U pA@U @ pAU
t —AQ@ —AU T«

t @ p —A@G U p —AUTM
Cthe solutionis @ p — A@_ U p — AU m
Oo,— @ 11 ps — U I 1dg ps #

18)Question: Find the particular solution of the differential equatien p @ U @ lgiven that
y=0 when x=1
Soluton: — p @ U @U
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=(1+x)(1+y)
o,— p OAQD

Cthe solutionis — _ p QDA QD
t 1 IgC k=@ — #
19)Question: Find the differential equation representing the family of cliiveA @ A
Solution:U A@Aéééé (i)
Differentiating both sides w.r.t. x,
— A
Substituting the value of cin (Y4 —@ — which is the required differential equation of the
given curve.
20)Question: Evaluateg; — —— A @
Solution: letlogx=t C@ A
CA@ AAO
( AT BRBRAE CEATOAL O AA % g
Here f(t)=—-and f 6 (t) =
Cbytherule A B B0 A0 A B #,
)y A- # =@— #

AO

SHORT ANSWER TYPE QUESTIONS (3 MARKS QUESTIONS)

1) Question: If @ A ;provethat- ———
Solution: @ A
Taking logarithm on both sides
y.log x = xy
o, U ——

Differentiating both sides w.r.t x,

2) Question: Find —FEWE @ @ A
Soluton:U @ @ A
(G A A A
I B A A A
|
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Differentiating both sides w.r.t x,

A A A
A .A.—lec;}& .A.—Quuc;@ .A.—g®||gzn

oru@s— 11l oW 1iac— @p 11X n

Or, 8J @d 1gc— = Ud iwc w @p 11z
8

Or, — 8 8

3) Question: The growth of bacteria (P)over a time (t)in a laboratory is given by P=3000

A .Prove that the rate of growth of bacteria decreases over time. What was the the population o

bacteria at the initial stage in the laboratory
Solution: ©'  — Y mEA To show that the quantity G is decreasing over time

— g mEA , which is negative for any time of t
Hence it is proved that G decreases over time t

The count of bacteria at the initial stage = P att=0
=200
4) Question: Evaluate; AO
Solution: Let )= AO

Using partial fractions

P P .
) s oc o"°

1ige @ 11xC @
i T(;i;T(;O'i .I.Cb.l.gc | .I.'[g

5) QuestionFind, - A@
Solution: _ - _Azi:—,vM—AQ—”M—A@
I=11-16ééééeééé. ( Put @+ v ¢E+By x+2=A(2x+5)+B
Now by comparing A=& B =--, Now x + 2 = (2X + 5) +- -
I:WM—AQ eq.l),
whereL:—Wm—AGndb:—wm—AQ
NI1:—WM—A® Putd uv@ ¢ Ot ¢@u dx=2tdt

________________________________________________________________________________________________|
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. = ABt+G

t =3 vODe+Ch

A D (P uv@oe={B BB - - @}

:{Q_ -

= — A@-Hog|® - +VB LD gsC

Now putthe value of{and b in equation (1), we gét

1= V@ @+Ci--log|lw - +NB v B estC

1=V uv@Do@--log|]® - +1NB v D @s+C,where C=¢C+C
6) Question:
(i) A chocolate bar sells for rs.20/hat is the total revenue and average revenue by
selling 30 bars?)
(i) The demand function for TV set is p=200D00x(rupees)Determine the total revenue
and average revenue by selling 20 sets?
Solution:
(i) P=Rs 20
Total revenue by selling 30 barso=it ¢ ™1 2 @ Tt Tt
Average revenue by selling 30 bars=20

(i) p=20000100x per TV set
total revenue by selling x sets = px=2004M0 &
hence the revenue by selling 20 sets=200@D-100 400
=40000040000
=Rs.360000

Hence average revenue by selling 20 sets= =Rs.18000

7) Question: The surface of a spherical balloon is increasing at the rat@ b6f O AF#nd the rate of
change of its volume when its radius is 6¢cm.
Solution: Let r be the radius of the balloon at any tome t, S be the surface area and V be the volur,
at that instant, then
3 10é¢é. . (i)
6 -AOéé(ii)
EOAL AT O/A
Differentiating (i) w.r.t t
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A3 OAo dyb
Fo'" “9Fo Y Ko
23 O—
or,— —
Differentiating (i) w.r.t t,
A6 T o0 AO S P
A0 " Ao 'Y Th
A6 3
e )
o - A6
(AIAEMDw%quHmAA
8) Question:

The demand and supply functions under the pure market competitidds arg ¢ @ andb

¢ 1 respectivel, where p is the price and x is the quantity of commodity. Using integrals find
Consumer 6s surplus

Solution: Under pure competition® D

PO D=¢O8 1
I & chc
X cannot be negative. Hence x=2

When@ ¢BD pc

Hence consumers surplus . DAGDD

P D ADCT P
o
9) Question: Prove that the functiod @d p Y Quis increasing for al@y 2 and find its value
where the rate of increase is least

Solution:, A @ @@ p Y Qv
ED oD pcdpy
=0 @ ¢ ¢ om ¢ |} &2

Or, A mnforall &2

C fis an increasing function for &k 2

Now the rate of increase is & @ is leastwherw @ ¢ ¢ is the least
i.e.when@d ¢ =0 iewhen x=2
C the required value of the function at x=2 ie f(2)
CA ¢ ¢ ¢ pyg v=25

10)Question :
The demand and supply functions under the pure market competitibn are ¢ @ andb

— respectively, where p is the price and x is the quantity of the commodity. Using integrals find

Producers surplus
I —————————
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Solution D b
2 ve 9
v . Q (pv
| @ ol
X cannot be negative. Hence x=6
When@ @B ¢
DA Q@

Hence prswuplscer 659

o ¢m_. Y —Ag 1@l EOO

11)Question: ) & AOW ¢ ADEA+AO pEO

Soluton— ¢ AQO— cA

12)Question: Evaluate @ A @nd hence show the region on the graph whose area it represents

Solution:, @A Q@ — ﬁ - OB 1 BvBich is the area of the shaded region in the fig

/
¢=(1,1)
0.5 =1
(0.-0)

LONG ANSWER TYPE QUESTIONS
1) Question: A company produces certain commodity with rupees 2400 as fixed cost
The variable cost is estimated to be 25% of the total revenue received on selling the product at a
of rupees 8 per unit. Find the following
I.  Cost function
iii.  Breakeven point
Solution:

ii. Revenue function
iv Profit function

product be produced and so

uni ts= Rs. 8x

Tot al revenue on O6x60
]
80
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2)

3)

i. Cost function = fixed cost+25% of 8x
=24000+— Y @

=24000+2x
ii.  Revenue function =8x
iii.  Breakeven point
R(x)=C(x)
24000+2x = 8% x=4000
Profit function P(X) = ROXC(X)
= 8x-(24000+2x)
= 6x-24000
Question: In a bank, principal increases continuously at the rate of 5% per year.in how many yeat
Rs. 1000 double itself?
Solution:Let P be the principal at any time t(years).

Then— v bl &

t — — 0
AO . A
0 g¢m
. = AO P .. .
I O — —AO

initially, when t=0,P=1000

Clog 1000=C

substituting in (i)

110 —O 11 Cpé&igngié. . (ii)
When P double itself, P=2000

Putting in (ii)

| 'I'c(;r[nncﬂg) T Cpminm
TR IcCnmrt TpQrm ncﬁno
applying laws of logarithm

l €& —O

i BicC —0

T O ¢nliig

the amount will double in20log2 yearg T T WO p @ @& @ Q@1 i

Question:

The production manager of a company plants to include 180 square cm of actual printed matter in
each page of a book under production. Each page should have a 2.5 cm wide margin along the tg
and bottom and 2 cm wide margin along the sides. What are thheocoo®mical dimensions of each
printed page.

Solution: Let x and y be the dimension of the printed pages
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CO U pyuaeéée. . (i)
A =Area of the page = (x+4)(y+5)
=@ U v@tUcgm
= 180+5x+4{—) +20

¢mmnu d —
For most economical dimension, A to be minimised

C— muv — Tt @ pg

— m Gl EDET ET O
W PpPWEQA — pu
Hence the most economical dimensionsxafe4=16 cm and/ + 5 =20 cm

4) Question: Form the differential equation of the family of circles of constant radius r
Solution: Let the family of circles be@ E UE 0ééeé. . (i)
where h, k are arbitrary constants
Differentiating (i) twice w.r.t x,

. . . AU
@ E c¢cU E8A_g T

@ E U Eg meéeée. . (ii)

.. . .AU Au AuU

Al U LR Xo Rom

gf

i
Tt

iR E 6é66é6é. (iii)

Substituting the value of-lg from (iii) in (ii),

@ E _— — ———éeéé. . (iv)
From (i), (i) and (iv) ———— — o)
Oor, p — O — s the required differential equation

CASE BASED QUESTIONS (04 MARKS QUUESTIONS)
1) Question:A student Mohan is running on a playground along the durved  x.another student
Shilpi standing at point(3,7)on playground wants to hit Mohan by paper ball when Mohan is neare

to Shilpi
I —————————
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Based on the above information, answer the following
() Let at any instant while running along the cutve @ X, Mohands posi
(x,y). Find the expression for the distance D between Mohan and Shilpi in terms of x
(i) Find the critical point(s)of the distance function
(i)  (a)What is the distance between Mohan and Shilpi when they are at the least distan
from each other
OR
(i) (b) Find the position of Mohan when he is closest to Shilpi
Solution:
() Forall valuesof xJ @ X
CMohandés positid@h xat any point is
The measure of the distance between Mohan and shilpi is
$ @ o d X X d o %]
(i) Let S $ @ o 0]

— Tt 19 B¢ mt D p
Critical point is x=1

(iii) (@— (@ candclearly— @ ¢ TAG p
CValue of x for which D will be minimum is 1
&1 @ phJ Y

CTherequired distance=p o p WOT EOQO

(iii) (b)— YJ candcleary— Yy ¢ TWAQD p
CValue of x for which D will be minimum is 1
&1T@ phu

Hence the required position of Mohan is (1,8) when he is closest to Shilpi
2) QuestionA company notes that higher sales of a particular item, which it produced, is achieved b

lowering the price charged. As a result, the total revenue from the sales at first rises as the numbe
units sold increases, reaches the highest point, andaheoff. The pattern of revenue is described
by the relationU 1 fmmnim @ ¢ 1 pwherey is the total revenue and x is the number of
units sold.

Based on the ever information, answer the following questions.

() Find what number of units sold maximizes total revenue

(i) What is the amount of this maximum revenue?

(i) What would be the total revenue if 2500 units were sold

Solution:

() U timmnn @ ¢nnmn
AU >
iy OO cmmm

— nxEAG cnmnm

— ¢ Tt Hence y is maximum at x=2000

(i) maximum revenuez it fit T 1T ¢ 1T T T T 1T R 40,00,000
|
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3)

(i total revenuex fimnnm covnmmgnnn o M

Question A manufacturing company manufactures toys. The company observed the following co
at different production levels

Number of Cost of Raw | Cost of Cost of Property Tax  Salaries

Toys Mat er i | Production Freigh ( ) ( )

Manufactured Supply

100 800 2000 1000 5000 20000

150 1200 3000 1500 5000 20000

200 1600 4000 2000 5000 20000

250 2000 5000 2500 5000 20000

300 2400 6000 3000 5000 20000

() Find the fixed cost for the production of x units of toys

(i) Find the raw material cost per unit for the production of toys

@ ( a) Find the revenue function R(x) of t
itemsoldasp=500 , where &é6x06 is the number of uni

selling 10 units

OR
@ (b) Find the marginal revenue function
unit of item sold as as p=50060, where O6x6 is the number of
Solution:
(i) Fixed cost= 5000(property tax) +20000(salary)
(i) Raw Material: 8 per unit (difference of

(i) (a)Revenue Function R(x):
Given: Price per unit = 500010x
Revenue = Price x Quantity = (50000x) x x = 5000% 10x2
R(x) = 5000x- 10x2
R(10=500001000= Rs.49,000
OR
(i) (b) Marginal Revenue (MR):

Revenue = Price x Quantity = (50000x) x x = 5000% 10x2

MR = dR/dx = derivative of revenue function R(x)
R(x) = 5000x- 10x2

Or, dR/dx = 5000 20x

MR(x) = 5000- 20x
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HIGHER ORDER THINKING SKILLS

1) Questiont Supply and demand curves ofyae manufacturer company is as follows

price p 1

supply curveg,p=S(x)

demand curve p=D(x)

unit (x)

The above graph showing the demand and supply curves of a tyre manufacturing company wh
are |inear. 6ABC6 tyre manufacturer sold 2
Rupees20000 for unit and ABC tyre manufacturer sold 125 unit every nvbetihthe price

dropped to rupees 15000 per unit .When the price was rs 25000 per unit 180 tyres were availa
per month for sale and when the price was only rupees 15000 per unit 80 tyres remains find th
demand function also find the consumer surplalsafsupply function is given by S(x)= 100x +

7000
Solution
Consider the demand function p = D(x)= ax
when x = 25, p = 20000
from equation( 1), we have 20000 = 25a + b

and when x = 125, then p = 15000

from equation (1) we have 15000 =125 a + b
on solving equation (2) and (3) we get &9 and b = 21250

Therefore, demand function p-50 x + 21250

For equilibrium pointt & 30

O, v ¢pguUPEpME Xnmnd wu

On putting value of in demand function and supply functioB, p @u Tt ™

Cconsumer Surplus (CS) =$ @ D@
= VITBCPCADBPp QU@L

= U QpPpuUTM@puL QX LIRS.22625

2) The supply schedule of tomatoes is given in the table below which follows a linear relationship
between the price and quantity.

Pric/kg Quantity supplied (kg)
25 800
20 700
15 600
10 500
5 400
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The demand schedule for tomatoes in Karnataka is given below and there is a linear relationship
between the price and demand

Pric/kg Quantity demanded (kg)
25 200
20 400
15 600
10 800
5 1000

Based on the above information answer the following question
() Find the equation of demand curve
(i) Find the equation of supply curve
(iii) (a)Find the consumers surplus

OR
(i)  (b) Find the producers surplus
Solution

(i) Demand curve
Let p =¢éaxX*hédédas the curve is linear),
demanded
When p=25,x=200+ 25=200a+b éé. . (1)
Whenp=20,x=400 20 = 400a +beée. . (2)
(2)-(1)+ 5=-200a and hencdé  — and b=25200a=30
Substituting the value of a and b in (*), the demand functién isoc m —

(i) Supply curve
Let p = ax+bééé. (*) (as the curve is |Ifi
supplied
When p=25,x=800t 25=800a+hb éé. . (1)
Whenp=20,x=700 20 = 700a +bé. . (2)
(2)-(1)+ 5=100a and hendé — and b=25800a=15
Substituting the value of a and b in (*), the supply functiddis p v —

(iii) Equilibrium point: quantity supplied= quantity demanded
Fromthe data, quantity supplied=600kg and quantity demanded=600 kg
Hence equilibrium price is Rs,15 and equilibrium quantity is 600 kg
Henced om® pu
Consumeros Su$@PABBODIECSIMT =Q0 pU QT T

=om — w 1T ®IB80004500:9000 =4500
(vyProducer-6s=Bdr pl3WadSpuv mm, puv —AQ
ZWTTMT PLVLPB— =ZWNMNTWNNATET—— W
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EXERCISE
MULTIPLE CHOICE QUESTIONS

1, A@BDN NI

a) 1+logx+C b)x+log x+C c)xlog(1+logx)+C d)log(1+logx)+C
21fU A HOE At+isequalto

axA b) A c) tA d yA
3.The function f{(x)A @ pis

a)increasing in (0,1) b) decreasing in (0,1)

c) increasing in Th- and decreasing in-fp
d) decreasing inT+ and increasing in-p

4. The order and degree of the differential equatioh @21 I & U ¢ @ A Urtare respectively

a) 1,1 b)1,2 c)2,1 d) 1, not defined
5. If x+y =8,then the maximum value of xy is :
a)l2 b)16 )20 d)24
6.General solution of differential equation : y logyxday =0 is
ay U 11 b U AR U A diIT cWw &
7. if the marginal revenue function of a commodity is MB= ww , then the revenue function is
a)Cw  ww b) 218x c oW dpy 0 ow
8 . If the demand function for a commodity is@3T ¢w w and the market demand is 3
units,t hen the consumerds surplus is
a) 27 b) 38 c) 42 d) 47
9. Thedegree of thelifferential equationp — 7 —is
a4 b) c) not defined d) 2
10.the integrating factor of the differential equatia®l T1@— U ¢l 1 8@
a) log(log x) b) log x @) d) x
ASSERTION - REASON BASED QUESTIONS
1. Assertion(A): If the value of cw Qw WYt hen the value of 06abd
Reason(R); ® Qw —+c
2. Assertion(A);, Q QoxraQ +cthen the value of a4is
Reason(R); QO ® ®'Q®» +C
3. if x=a0 and y= 2at
Assertion(A)— -

Reason(R): if y=f(t) and x =g(t),then — E

4. Assertion(A); ——Qw —— 0
Reason(R); A /@ E QO AQ Am #
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5. Assertion (A): The area of the region bounded by the awrven ,x =-1 and x=1 is equal to-

sg.units
Reason (R); GAQD m
6. Assertion (A): A firm maximises its profit when marginal revenue equals marginal cost

Reason (R) : At MR=MC,the firm is producing at the equilibrium output level
VERY SHORT ANSWER TYPE QUESTIONS

1. If the functiold ¢ @ A @ & mir attains its maximum value at x=1, find the
value of a

2. Find the interval in which the function given by {688 19 @F X ¢ Do 1S
decreasing

3. Find two positive integers whose sum is 15 and the sum of whose square is minimum

4. Show that among the rectangle of given perimeter, the square has the greatest area.
5. The marginal cost function of producing x units of a product is given #y v
find the total cost function and average cost function, if the fixed cost is Rs.1000
SHORT ANSWER TYPE QUESTIONS
1. Evaluate; —A @
Find the differential equation of all the circles in the first quadrant which touches both the
coordinate axes
3. Evaluate: _ CcAQ
Evaluate:, ——A @
]
The supply function for a commodityis @ Tw UL where x denotes supply.Find
t he producerdés surplus when the price is
6. The population of a village increases continuously at the rate proportional to the number

of its inhabitants present at any time. If the population of the village was 20,000 in 1999
and 25,000 in the year 2004, what will be the population of the village in 2009?
LONG ANSWER TYPE QUESTIONS

1. A window is in the form of a rectangle surmounted by a semicircular opening. The total
perimeter of the window is 10 m. Find the dimensions of the window to admit max light
through the whole opening.

2. The price of selling one unit of a product when x units are demanded is given by the
equationd Tt Tt Tt TG DThe fixed costs of product are Rs. 20000 and Rs. 1484 per unit
as the cost of production.Find the level of sales at which the company can expect to cover

its costs.

3. For a monopolistdos prb dﬁumdaveragmcestfdnetima nd f
AC=r® ——.Find the profit maximising level of output. At this level, show that the
marginal revenue and marginal cost are equal.

4, Determine for what values of x, the function f(= — is strictly increasing or stritly
decreasing
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CASE BASED QUESTIONS
1. A bakery estimates that the daily profit P(x) in rupees from selling x cakes is given by
PX)=cw poa@ pTmTT
(i) How many cakes should the bakery sell each dayaximizeprofit?
(i) At what number of cakes sold will the profit be zero?
2. The demand function for potato is D(p)=8p and the supply function S(p)=4p, where p
is the price per kg
(i) Find the equilibrium price and quantity
(i) Find the maximum price consumers are willing to pay
(i) a) Calculate the consumer surplus
(i) b) Calculate the producero6és surplus
HIGHER ORDER THINKING SKILLS
1.  Afirm has the following total cost and demand functions

)
0w rl X0 PPP LTWEQ p TN

()  Find the total revenue function in terms of x
(i)  Find the total profit function P in terms of x
(i) (a) Find the profit maximising level of output of x
OR
(i) (b) What is the maximum profit,taking repee as a unit of money?
Find the differential equation of all the circles in the first quadrant, which touches both the axes
3. The demand function p for maximising a profit monopolist is giver by¢ x T w ,while the
marginal cost is 4+3x, for x units of commodity. Using integrals, find the consumer surplus
ANSWERS
MULTIPLE CHOICE QUESTIONS

N

1.d) log(1+logx)+C
2.d) YA

3.d) decreasing intt+ and increasing in-fp
4. a)l,1
5. b) 16
6.b) &R
7.C
8.a
9.d
10. b
ASSERTION - REASON BASED QUESTIONS
1. (b)
2. (a)
3.(a)
4. (a)
5. (b)
6.(a)
VERY SHORT ANSWER TYPE QUESTIONS
1. a=52
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2.[-2,3]
3. 96
4.

5.C(X)4/@ ¢ v T T L, Average costa

SHORT ANSWER TYPE UESTIONS

.17 - p

2. — @ ¢c@Uc@Y U caUn
3—

4] T — #

5.-

6. 31250

LONG ANSWER TYPE QUESTIONS
1.1 AT CoEi PAOAAAGH
2. Breakpoint points are x= 8, 1250.Hence, the company must produce at least 8 units to cover it
cost.

3. P(x) is maximum when x=2500, MR=MC when x =2500
4. proof

5.f is strictly increasing in-hHb and strictly decreasing in Hwt © i

CASE BASED QUESTIONS

1. (i) profit maximum when 60 units are sold (i) x=90rx =111
2. 1) 10,40 ii)price=Rs.20 iii) a)consumers surplus=400 iii b) producers surplus=200
HIGHER ORDER THINKING SKILLS
1. RX)M w p Mo w
(iPX)= — @b pE LT
@ii)  (a) P is maximum when x=11
@iy  (b) Maximum profit =111.33 when x=11
2. — @ ¢¢@Uc@Y U cdUn
3. 486
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UNIT -4
PROBABILITY DISTRIBUTIONS

Gist/Summary of the lesson:

Random variables and its Probability Distributions,
Mathematical Expectations,

Variance and Standard Deviation of a random variable,
Bernoulli Trials and Binomial Distribution,

Condition of Poisson Distribution.

Normal Distribution

Definitions and Formulae:

RANDOM VARIABLES:

A random variable is a function whose domain is the sample space of a random experiment and whg

range is a subset of real numbers
Example: Throwing of two coins. Sample space, S = {HH, HT, TH,
Random Variable, X = No. of heads, X =0,1,2
Probability Distribution:

X W W @ eééeeé. W
P(X=x) n n n eééeeé. n

Where, P(X®) =1} and g p, =1
i=1
Mean & Variance of Probability Distribution:

a px o
Mean, m=—; butsince g p =1
ahp
Mean, =g P.% = PX + PoXo Fevrrennnne + P, X,

Mean is also called average or expected value or expectation, denoted by as E(X).
Variance

Var (X) or s 2ors ?

Standard deviation, s =,/ p,x° - 17

s =E(X?)- (E(X))”

BINOMIAL EXPERMENT:

A random experiment with exactly two possible results is called a Binomial or Bernoulli trial. The two
results are called success and failure in probability theory.

Bernoulli trials satisfy the following conditions:

(i)  There should be a finite number of trials.

(i)  The trials should be independent.

(i) Each trials has exactly two outcomes: success or failure.

(iv) The probability of success remains the same in each trial.

Probability of O6rdéd success in 6ndé Bernoul i f
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P(r - success="C,p'q"" =——— p'q""
ri(n-r)!
Where n= number of trials
r = number of successful trials = 0, 1, 2, é

p = probability of a success in a trial
g = probability of a failure in a trial
And,p+q=1
Binomial Distribution:
X=r 0 1 2 e r e n
P(n) = p nCO qun—O nc:l plqn—l nC2 pzqn—Z é nCn pnqn—r é nCn pnqn-r

Binomial distribution is denoted by B(n, p)
I n a binomial distribution having 6nd number | of
Mean = np andVariance = npq

Standard Deviation 5/npq

Where p is the probability of success and q is the probability of failure.

POISSONDISTRIBUTION:

The Poisson distribution is the limiting form of Binomial distribution when number of trials, n is very
large (n - 0) and probability of success is smép- O)such thanhp always remains finite(np="/)
Probability of occurrence of 6ké number of eve

P(X:k):LA, where e is Eulerds number & e = 2.7182

NORMAL DISTRIBUTION:
The normal distribution is a type of continuous probability distribution that is symmetric and bell
shaped. For normal distribution Mean = Median = mode
Probability Density Function (PDF):
e H

B o= °

YO & DGET DD AHD-Q
MULTIPLE CHOICE QUESTIONS

1) A pair of dice is thrown two times. If X represents the number of doublets obtained, then the expectation
of X'is

a) - b) 1 c)- d)—
Solution:

Total number of trials, n =2
Total number of outcomes in one trial = 6x6 = 36

Doublets are {(1,1), (2,2), (3.3), (4,4), (5,5), (6,85)p =— = -

Since it is a binomial distribution, therefore, E(X) =np -=-

Answer: c
2) If arandom variable X has the probability distribution
T Q@ 7
0 & CAHOQ péic
m € &1 0 Qi Q
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3)

4)

5)

6)

7

then the value of k is

a) - b) - c)- d)-
Solution:
Sinceg p, =1,therefored @ m 0® p OO ¢ E p

T Qo n p vQ p, -

Answer: b
Finding the probability of getting exactly two heads in four tosses of a fair coin.
a) - b) - c) d)-
Solution:

Number of trials: n=4
Probability of success (getting a head) in a single trial: p= %2,
Probability of failure (getting a tail) in a single trial: gp£%2,
Number of successes (getting heads) required: k=2
a1 K281 2
Now P(X =k)="C p'q""= 4nge1—8 3518 -
c2+ g2+
Answer: c
Which of the following is false about normal distribution
a) Normal distribution is applied for discrete random distribution.
b) The shape of the normal distribution curve is bell shaped.
c) The area under a standard normal curve is 1
d) The standard normal curve is symmetric about the value O.

Answer: a
If mean and variance of a normal distribution are 5 and 4 respectively, then the value of n is.
a) 10 b) 15 c) 20 d) 25
Solution:
Mean=np =5

Probability of success (getting a head) in a single trial: p= %,
Probability of failure (getting a tail) in a single trial: gp% Y,
Number of successes (getting heads) required: k=2

Now P(X =k)="C, p'q"'= 4szz—o &0 -

Answer: d
If random variable X represents the number of heads when a coin tossed twice, then mathematical
expectation of X is

a) 0 b) - C)- d1
Solution:
X 0 1 2
P(X) _ _ _
So O®wW m - p - ¢ - P
Answer: d

If X is a Poisson variate such that 3P(X = 2) = 2P(X = 1), then the mean of the distribution is equal tc
I —————————
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a) - b)- ) - d) -

Solution:
¢ao08 ¢ ¢ 08 p
S A= T
Answer: a
8) If the varancef a Poisson distribution is 2, then P(X = 2) is
a) — b) 2Q C)— d)tQ
Solution:
¢variance = 2 = @&, then
P(X=2) =— ~ ¢Q -
Answer: a
9) An observed set of the population that has been selected for analysis is called
a) asample b) a process c) a forecast d) a parameter
Answer: a
100A random variable 6X6 has the following probabi
X 0 1 2 3 4 5 6 7
P(X) 0 2k 2k 3k k2 2k? 7k? 2k
The value of k is
a p b) — c)1l d)—
Solution:
¢anp =1
Q0 + 2k + 2k +3k #Z + 22 + 7K + 2k = 1
10k2+9ki 1=0
(k + 1)(10ki 1) =0+ k=7 1 (Not possible), therefore k=
Answer: d

11)A box contains 100 bulbs of which 10 are defective. The probability that out of a sample of 5 bulbs
drawn one by one with replacement none is defective is

a) - b)— c) — d —
Solution:
¢ No of trials, n =5 & probability of nodefective bulb in each trial, p=— —

CRequired probability C, p'q" "= °C,p°q°= —
Answer: c
12)If the mean and standard deviation of a binomial distribution are 12 and 2 respectively, then the valu

its parameter p is
a) - b)- C)- d)-

Solution:

For binomial distribution, Mean = np =12

Standard Deviation ——‘/n_pq= 2t npq=4 12q=4 n -
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13) There are 50 telephone lines in an exchange. The probability that any one of them will be busy is
The probability that all the lines are busy is

14)

15)

16)

17)

18)

19)
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Cp=1iq=-
Answer: d

a) — b)p — 5 dp —

Solution:

n = 50, p = 0.1, therefore np = 5 = @&
Using Poisson distribution: P(X = k)= = A

Answer: ¢

If a random variable X has the Poisson distribution with mean 2. Thdn p® is

a) Q b)3Q cp ¢Q dp 0Q

Solution:

> =0R,p®d p 0O pd

Answer: d

I f émd is the mean of Poisson distribution
a) na b)a c)m d)

Solution:

Mean = m = Variance

Answer: a

The normal distribution curve is symmetric about

a)w by o® - do -

Answer: a

The mean of the probability distribution of the number of doublets in 4 throws of a pair of dice i$
a) 1 b)- c)p- d)¢-

Answer: b

Let X represent the difference between the number of heads and the number of tails obtained
when a coin is tossed 6 times. Then the possible values of X are
a) 0,1,3,5 b)0,2,4,6 c)0,2,56 d1i,3,45

Answer: b

One hundred identical coins each with probability p showing up heads are tossed once. If
0 < p < 1land the probability of heads on 50 coins is equal to that of heads showing on 51 coing
then the value of p is :

a) - by— c)— d)—
Solution:

Probability of heads on 50 coins = Probability of heads showing on 51 coins
CP(X = 50 heads) = P(X = 51 heads)

Cson 4 e hy A

100Cs0  19%Cs1ny f— — N =

Answer: d




20)

1)

2)

3)

4)

5)
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The probability that a bomb dropped from a plane strikes the targadisat is the probability
that out of 6 bombs dropped, exactly 2 bombs strike the target ?

a)¢ - b)p ¢ - c)— d)—

Solution:

n=6,p=,q=-andr=2

Using formula: P(X =r successf'& . whereq=p1
CP(X=2success) %, - -  —
Answer: ¢

ASSERTION - REASON BASED QUESTIONS
In the following questions, a statement of Assertion (A) is followed by a statement of Reason(R). P
the correct option:
A) Both Assertion (A) and Reason(R) are true and Reason(R) is the correct explanation of
Assertion (A).

B) Both Assertion (A) and Reason(R) are true but Reason(R) is NOT the correct explanation of

Assertion (A).
C) Assertion (A) is true but Reason(R) is false.
D) Assertion (A) is false but Reason(R) is true.

Assertion (A):In a probability distribution table, the sum of all probabilities is always 1.
Reason(R) Thisis because the total probability space includes all possible outcomes

Answer: A

Solution:Thetotal probability must be 1, since it covers all possible outcomes. R clearly explains
why A is true

Assertion (A): In A random variable can only take integer values.

Reason(R) A random variable represents outcomes of a random experiment.

Answer: C

Solution:A is false, but R is true.

Random variables can be either discrete (integers) or continuous (real numbers). Hence A is false.

is correct because random variables represent outcomes of random experiments.

Assertion (A): In a binomial distribution, trials are dependent.

Reason (R): The probability of success changes after each trial.

Answer: D. Both A and R are false.

Solution: In binomial distribution, trials are independent, and the probability of success remains
constant.

Assertion (A): The expected number of defective products helps in estimating average losses in &
factory.

Reason (R): Expected value represents the most frequent or common outcome in a distribution.
Answer: C. A is true, but R is false.

Solution: A is true because expected value helps estimate average results over time.dR is false
expected value is not necessarily the most frequent outcome; it is the average.

Assertion (A): A low variance indicates data values are closely clustered around the mean.
Reason (R): Variance is the square of standard deviation.

Answer: B. Both A and R are true, but R is not the correct Solution of A.

ick




Solution: While both statements are true, R does notexp@&@in A 6 s a def i ni ti
low variance means values are close to the mean.
6) Assertion (A): A dataset with identical values will have a variance of zero.
Reason (R): In such a case, all data points lie exactly at the mean.
Answer: A. Both A and R are true, and R is the correct Solution of A.
Solution: With identical values, all deviations from the mean are 0, so the variance is 0.
7) Assertion (A): If the standard deviation of a dataset is 3, then the variance is 9.
Reason (R): Variance is the square of standard deviation.
Answer: A. Both A and R are true, and R is the correct Solution of A.
Solution: This is a direct calculation: variance = (standard deviation)? = 32 = 9.
8) Assertion (A): A smaller standard deviation indicates less variability in the data.
Reason (R): Standard deviation measures the spread of data from the mean.
Answer: A. Both A and R are true, and R is the correct Solution of A.

on

Solution: Less spread means data is close to the mean, which is exactly what standard deviation

measures.
9) Assertion (A): Standard deviation is always equal to the square of the variance.
Reason (R):Standard deviation is the square root of variance.
Answer:C. A is false, but R is true.
SolutiontA i s false because standard deviati on
the definition.
10) Assertion (A):The total area under a normal distribution curve is equal to 1.

Reason (R)The area under the curve represents the total probability distribution of all possible

outcomes.
Answer:A. Both A and R are true, and R is the correct explanation of A.

Solution: Probabilities sum to 1; in continuous distribution, area = probability, so total area = 1.

VERY SHORT ANSWER TYPE QUESTIONS
1) If afair coin is tossed 6 times, find the probability of getting atleast 4 heads
Solution:This is a binomial probability problem with:
Number of trials, n = 6
Probability of head (success), p = 0.5

We have to find: P(X O 4), where X = number
|
P(r - succesp="C, p'q"™' = p'g™’
r‘(n-r)!

P(X 4)=PX=4)+P(X=5)+P(X=6)
316818 o~ 416410 .~ al0alo 15, 6 1 _22 11
P(X 4)=°C,208%0+CE080+CEEE="r2+ =522
(x4 ‘c2+¢2+ g2+ c2+ °c2+c2+ 64 64 64 64 32
2) Given that mean of a normal variate X is 9 and standard deviation is 3, then find {scitve of the
data point 15, (ii) the data point #score is 4

Solution-Mean (&) = 9 & Standard deviation (0)
Using thez-score formula :Z = —
(|)Z:—:2

(id=—+ @ w pg B ¢p
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3)

4)

5)

6)

7

8)

If X is a normal variate with mean = 70 and standard deviation = 5, then find P(X>75).
(Given : P(0<Z<1) =0.3413)
Solution:No r ma | di stribution with mean ¢ = 70, s
Z=— —— pt CPX>75)=PZ>1)
P(Z>1)=0.5 P(0<Z<1)=0.5 0.3413 =0.1587
If X is a Poisson variate such that P(X = 0) = P(X = L), then show that Q .

-/ gk
Solution: Using Poisson formul@(X = k) = € kI/
¢PX=0)=P(X=1)%
-/ 40 -/ g1
cel e/l _, v o 98 | f e = 11| 0

o 1

What is the mean of the numbers obtained on throwing a die having written 1 on three faces, 2 on
faces and 5 on one face ?

Solution:

S={1,1,1,2,2,5}

P(1) = 3/6 =1/2, P(2) = 2/6 = 1/3 and P(5) =1/6

Probability distribution

Xi 1 2 5
P(x) Ya 1/3 1/6

Mean=—- p - ¢ - U (
In a certain village, families are strictly limited to two children. The probability distribution of the
number of children of any individual is as follows
Number of children 0 1 2
Probability — — -
Find the mean number of children.
SolutonnMean,m & p - ¢ - — P&

State whether it is possible for a random variable to have any of the following probability
distributions:

(i) Y 1 2 3 5
P(Y) 0.2 0.3 0.2 0.2
(ii) z 1 2 3 4 5
P(2) 0.1 0.4 0.05 0.2 0.2
Solution:

() Since0 P(Y) 1,butB0 & 180 p,

Cit is not a valid probability distribution.

(i) Since P(4) = 0.2 (Probability cannot be negative)

Cit is not a valid probabilitglistribution.

If the mean of a binomial distribution is 20 and its standard deviation is 4, then find the value of p.
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9)

10)

11)

12)

13)

14)

15)

16)

D m=np=20

Solution:s =/npq=4Y npg=16\ =~ =—"—="Y q=—
m

1
\ p=1-q==
p=1-d=¢

In a call center, an average of 3 callsr@eeived per minute. What is the probability that no call is
received in a given minute?

Solution:

This is a Poisson distribution with mean &
-/ qr -3 0

Using Poisson formul&?(X:O):e Il =€ éls) =0.0498
r! |

If a factory machine produces 2 defective items per 100 units on average, find the probability that
exactly 1 defective item is found in a sample of 100 units.
Solution:Gi ven o = 2, r = 1
e—//r 3 e—2.(2)l
o !
A bakery receives on average 5 orders per hour. What is the probability that it receives exactly 2
orders in one hour?

P(X =1) = =0.2706

Solution:
> = 5, r = 2

-/ gr -5 2
px=2=5"1 _8 (;5) = 0.0837F

r!
A coin is tossed 5 times. Find the probability of getting exactly 3 heads.
Solution:Let getting a head be a success.
Here,n=5p=%,q=%,x=3

316413 1,1_5
Using the binomial formuld@(X = 3):5C325~8 89 —qp3zs==2
c2+¢2+ 8 4 16

Identify the number of trials and probability of success in the experiment:

"A die is thrown 8 times. Find the probability of getting exactly 2 sixes."

Solution:Number of trials, n = 8

Probability of success (getting a six) =p =1/6

Probability of failure, q = 5/6

So,r=2

Find the mean and variance of a binomial distribution where n = 6 and p = 2/3.
Solution:Mean =np =6 x (2/3) =4

Variance = npg = 6 x (2/3) x {12/3) = 6 x (2/3) x (1/3) = 4/3

The probability of success in a binomial distribution is 0.4. If the number of trials is 10, find the
standard deviation.

Solution:n=10,p=0.4,q9=0.6

Variance =npg=10x0.4x0.6=24

Standard deviation = &a4(2.4) a 1.55

The following table represents the probability distribution of a discrete random variable X:
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KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 99




X 1 2 3
P(X) 0.2 0.5 p
Find the value of p. Also find the value of mean.
Solution: Total probability will be 1£0.2+05+p=1 p =1i 0.7=0.3
Now, Mean= 13 0.2+23 05+3%303=21
17) A machine produces 1 defective part in every 200. What is the probability that there will be no
defective part in a random sample of 100 parts?
Solutionia» = 100 I (1/200) = 0.5
18) A student scored 1.8 standard deviations above the mean in a test. If the mean is 60 and standard
deviation is 5, what is his actual score?
-mg X-60, .
5 Y 1.8= Y X-60=9Y X =69, Actual Score =69
199 A nor mal di stribution has a mean ( eg9coreofdra50 g@n
value of X = 60.
X- m_60-50_10 _

Solution:Z = X

Solution:Z = —=2
S 5 5
200 A studentodés score in a test is 1.5 standard| d
standard deviation is 8, what is the student

Solution:X = m+Zs =70+ (1.5)3 8=70+12=82
SHORT ANSWER TYPE QUESTIONS
1) Questionin a manufacturing unit inspection from a lot of 20 baskets which include 6 defectives, a
sample of 2 baskets is drawn at random without replacement. Prepare the probability distribution ¢
the number of defective baskets. Also calculate E(X) for the ranvdoiable X.
Solution:
X : number of defective baskets =0, 1, 2
Total number of baskets = 20

=

14 3
P(X = 0) = P(drawing no defective basket)zo—C . 14713 _ 91
C, 20319 190

YCcBC, 42

PX=1)=———=—
( ) °C, 95
°C 3
P(X=2)= 2 = =
( ) *Cc, 38
Probability distribution:
Xi 0 1 2
91 42 3
P(xi — — —
) 190 95 38
Now, EX)=mt — p — ¢ — — T&
2) The probability distribution of a random variable X is given as below
X 0.5 1 1.5 2
P(X) k k2 2k? k

(0 Find the value of k.
(i) Determine the mean of the distribution.
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3)

4)

5)

6)

7

8)
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Solution(NBO & pt k+k?+2kk+k=1+ 3k%+2ki 1=0
(k+1) (3ki 1) =0 gives k F 1 (not possible), therefore k=
(i) ZzeamBbgd ™ - p - p®d - ¢ - —

Ten coins are tossed. What is the probability of getting atleast 8 heads?
Solution:n=10f - p n -

Required probability d & ¢ 0&® ¢ 0&® w 0O pm
. ol~801~108 ol~9°l~109 ol~1001~10'10
06O ¢ CEO&O +C,E0XO +Crok0 %0
c2+c¢2+ c2+ g2+ c2+ g2+
2 (a5+1047)= 20 = T
2 1024 128

An experiment succeeds twice as often as it fails. Find the probability that in the next six trials, the
will be at leas¥4 successes.
Solution:In experiment success 2 times & failure 1 times

M - p f -andn=6
PX 4=0® 1T 0® v 0O po

5 6o

226 815 226416 226°815 496
- 0, A28 88 e LG 48 1nc 429 A1 - 400
(; —(; - (;3— (;37 (;3 c3+ 729

The mortality rate for a certain disease is 0.007. Using Poisson distribution, calculate the probabilit
for 2 deaths in a group of 400 people[ Use(Given e® =0.0498)
Solution: p =0.007, n =400, r =2

Ca. _ np:)(x——z)Z—e /r 2.8(2_8)2

2
Two numbers are selected at random (without replacement) from first six positive integers. Let X
denotes the smaller of the two numbers obtained. Calculate the mathematical expectation of X.
Solution: X =1, 2, 3,4,5
Total number of ways to choose 2 numbers = choose 2 out of 6 no without replacement
=6C2=15

=0.2391

X 1 2 3 4 5
P(X) v i 9 S P
p p p p p

)
§) -

Mean=— p — ¢ — 0 — 1T —

If the mean and variance of a binomial distribution-eaad- respectively, then find P(x = 1).

Solution:e = —nm@nds &NA-
¢- 1 -+ -, p=lig=-,¢np=-,Cn=4
NowP(x=1)=C: - - 1 - — —

A radar unit is installed to measure the speeds of cars on a highway. The speeds are normally
distributed with mean 80 km/h and standard deviation 10 km/h. If a car is chosen at random, find t
probability that car is running

(i) Atless than 60 km/h

€




(i) At more than 100 km/h
(i) Between 90 km/h and 110 km/h
Solution: m=80km/h, s =10km/h
()  P(X<60)=P(Z<—)=P(Z<-2)=F2)=1i F(2) = 1i 0.9772
=0.0228
(i) P(X>100)=P@Z>—)=PZ>2)=1i P(Z¢2)=1- F(2)
=17 0.9772 = 0.0228
(i) P90 <X <110) =P80, 110 808 P(l<Z <3)=F(3)- F()
o 10 10
= 0.9986i 0.8413 = 0.1573

9) If X is normally distributed with mean 10 and standard deviation 1.5, find x such that
P(X > x) = 0.0038

Solution:0 & — T@ITTO Y

6(3()—8 T®Inoy t 0w & T8Oy
p OGO a TdTmoy 17 F(z) = 0.0038

t F(z) = 11 0.0038 = 0.9962 1 z2=267= t X =14.005

8

LONG ANSWER TYPE QUESTIONS (5 MARKS QUESTIONS)
1) Question: A die is thrown 5 times. Find the probability that an odd number will turn up
(1 Exactly 3 times
(i) Atleast 4 times
(i)  Maximum 3 times
Solution:n = 5, Probability of getting odd number, p= - and q =

() r=30& o caloalo
22 G2
o ~40 Nl o ~50 ~0
i oot 00 1 0o v Cad88c il
c2+ g2+ c2+ g2+
@) 0 o OO M 0O p OO ¢ OO O
810810 - 410418 s~ 415 ald s~ 415413
= °C,220%8.0+Ca0%e0+C,20&0+C,202%0
c2+ g2+ c2+¢2+ c2+ g2+ ¢c2+ g2+
2) The probability distribution of a discrete random variable X is given as under:
X 1 2 4 2A 3A 5A
PO | 1L 1 E O U I
2 5 25 10 25 25

Calculate : (i) The value of A if E(X) =2.94 (ii) Variance of X
1 2 12 2A 3A 5A 69+ 26A

Solution: (i) EX) = =+ —-+— At St
2 5 25 10 25 25 50
69+ 26A

2.94 =T t 26A=50°% 2.94- 69 t A=3
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3)

4)

1)
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1 4 48 4A° 9A2 25A2

(i) Var(X) = E(X?)- [E(X)]* = TR T AT T - [E(X))?
161+ 88A2 161+883 (3)* 953
t e [E(X)]? = = [E(X)]? = =0 - [2.94]? =10.4164

Define a discrete random variable and explain with an example. Find the probability distributior
for the number of heads when a coin is tossed three times. Also find expected value in this cas

Solution: A discrete random variable is a variable that can take on a finite or countable number

possible outcomes. The value of the random variable is associated with a specific probability.
Example: Number of even numbers when 2 dice are rolled.

In above example X = No of even number =0, 1, 2

X =0, when no even number appears

X =1, when only 1 even number appears

X =2, when both numbers are even

Now, in the question coin is tossed 3 times therefore X = Number of heads =0, 1, 2, 3
Sample space = {HHH, HHT, HTH, HTT, THH, THT, TTH, TTT}

Total number of outcomes =2 8

X 0 1 2 3
P(X) p o o p
U] U] ] W
So 0w m - p - ¢ - 0 - -
Explain how the normal distribution helps in understanding data variability. Also, evaluate the
value of the standard normal variate or 100, givene =08 5 5

Further, explain whether this value is typical or unusual in the context of the distribution.
Solutionie = 8% , = X5 100

Zscore W —— o (Thevalue is unusually high
Z = 3 means the value li@sstandard deviations above the mean
This is considerednusual or extremeas only about0.28 of val ues | i e

normal distribution.

Normal distribution helps us understand how far a value is from the average.
Most values lie near the mean. Asgore of 3 indicates significant deviation.
Normal distribution shows typical vs rare data througgcdres

CASE BASED QUESTIONS

Height of Students:

The heights of students in a school are normally distributed with mean 160 cm and standard
deviation 10 cm.

Questions:

a) What percentage of students are taller than 175 cm?

b) What percentage of students have heights between 150 cm and 170 cm?

c) If there are 1000 students, how many are expected to be shorter than 140 cm?

of



2)

3)

1)

2)

Solution
“ pom prmandZ=———

a)Z=(175160)/10=15 P(Z > 1. 5)6.68 0. 066 8
b) Z; = (150- 160)/10 =1, Z>=(170-160)/10=1

Pkl < Z < 1)%82%0.6826
c) Z=(140-160)/10=2+ P(Z<2) a 020288 of 1000 a 23 st
Tossing a Coin
Rohan is conducting a study on probability using a fair coin. He tosses the coin 5 times in a roy
Let be the number of heads observed.
Answer the following questions:
(i) What is the probability of getting exactly 3 heads?
(if) Find the expected number of heads.
(i) Calculate the standard deviation.:
Solution: This is a binomial distribution: n =5, p=0.5,q=0.5
(i) P(X = 3) =°C3(0.5)* (0.5¢ = 0.3125
(i) EXX)=np=5x05=25
SD= ¢ ANV T® T® =Vp& U= approx.. 1.118
Quality Check in a Factory:
A factory produces bulbs. Each bulb has a 2% chance of being defective. A quality check is
performed on a sample of 10 bulbs taken randomly.
Answer the following questions:
a) What is the probability that exactly 1 bulb is defective?
b) What is the probability that none of the bulbs is defective?
c¢) Find the mean and standard deviation of the distribution.
Solution: Let X be the number of defective bulbs.

n=10, p=0.02, g = 0.98

a) P(X=1) =1%C;x (0.02} (0.98f&4 0. 1
b) P(X=0) =1%Cox (0.02x (0.98Y}°4 0. 8
c) Mean = np =10x0.02 =0.2

Standard Deviation = dnpg = 4(1010.0210.9

HIGHER ORDER THINKING SKILLS

Question: Suppose a book of 614 pages contains 43 typographical errors. If these errors are
randomly distributed throughout the book, what is the probability that 10 pages, selected at
random will be free of errors? (e°" =0.497)

Solution: Let X : No of errors ina page,r=0and n=10

67
17

Probability of error on one page, = %

//r 3 e—0.7(0.7)0
o |
Question: In a game, a player pays Rs. 10 to play. If a die shows 6, the player wins Rs. 30.
Otherwise, they win nothing. Should the player play regularly?

Solution: P(win) = 1/6, P(lose) = 5/6

Net gain: Win = Rs. 20, Lose = R40

Cp(x=0)=% = 0.497
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E(X) = 20x(1/6) + {10) x (5/6) =5
Conclusion: Expected loss of Rs. 5 per game; not advisable to play regularly
EXCERCISE
MULTIPLE CHOICE QUESTIONS
1. Let X be a discrete random variable assuming valuks 8 o with probabilities
n M B [ respectively. Then variance of X is given by

a) E0Q) b) EG® +E(X) ¢ EQA T [EX)]2  d) JE(X?)- [EX))?
2. Eight coins are tossed together. The probability of getting exactly 3 heads is
a) — b)— c)— d)—

3. Which one is not a requirement of a binomial distribution?
a) There are 2 outcomes for each trials
b) There is a fixed number of trials
c) The outcomes must be dependent on each other
d) The probability of success must be the same for all the trials
4. For the following probability distribution

X 1 2 3 4
P(X) — - — -
E(X?) is equal to:
a) 3 b) 5 c)7 d) 10
5.Find the mean of the Binomial distribution B3,
a) - b)- c)2 d)-

6.Suppose a random variable X follows the binomial distribution with parameters n and p,
wheremt 1 p. IfP(Xx=r1)/P(x=nr r)isindependent of n and r, then p equals

a) - b)- C)- d)-
7.1f mean of a Poisson distribution is 6.25, then its variance will be
a) 6.25 b) 2.5 C) T8t L d) pg& v

8.The mean of a probability distribution is 4. If the probability mass function is given by
P(X=2)=0.3, P(X=4)=0.4, R=6) = 0.3. What is the variance of the distribution?
a) 1.6 b)2.0 C) p& d)cg
9. The height of a population of adult men follow a normal distribution with a mean of 70 inches
and a standard deviation of 3 inches. If a man is randomly selected from this population, what
is the probability that his height is between 67 inches and 73 inches?

a) 0.6826 b)0.9544 C)T® T p O AT ouv w
10If Z is a standard normal variable, then P(0 < Z < 1.7) is equal to
a) F(O)N F(1.7) b)F(1.7)i F(0) c) 17 F(1.7) d) F(L.7)i 1

ASSERTION - REASON BASED QUESTIONS
1. Assertion (A): If all outcomes of a random variable are the same, the variance is zero.
Reason (R): Variance measures how far the outcomes deviate from the mean.
2. Assertion (A): The mean of a binomial distribution is greater than its variance.
Reason (R): In a binomial distribution, mean = np and variance = npq, and since
g <1, np>npq.
3. Assertion (A): Poisson distribution is used to model rare events.
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Reason (R): Poisson distribution applies when the number of trials is large, and
probability of success is small.
4. Assertion (A): For a Poisson distribution, mean and variance are equal.
Reason (R): The Poisson formula assumes a fi
over an interval.
5. Assertion (A): Normal distribution is symmetric about the mean.
Reason (R): In a normal distribution, mean = median = mode.
6. Assertion (A): The total area under a normal curve is always 0.
Reason (R): The area under the curve represents the total probability of all possible
outcomes.
VERY SHORT ANSWER TYPE QUESTIONS
1.A box has 100 pens of which 10 are defective. What is the probability that out of a sample of 5
pens drawn one by one with replacement at most one is defective?
2.Suppose 10,000 tickets are sold in a lottery each for Rs 1. First prize is of Rs 3000 and the
second prize is of Rs 2000. There are three prizes of Rs 500 each. If you buy one ticket, what
your expectation.

3.The standard deviation of a Poisson variate X(3s Find the probability that X = 2.
(Given e® =0.0498)
4.If the mean of a binomial distribution is 81, then find the interval in which standard
deviation of the binomial distribution lies.
SHORT ANSWER TYPE QUESTIONS
1. A discrete random variable X has the following probability distribution:
X 1 2 3 4 5 6 7
P(X) C 2C 2C 3C c? 2 C 7C+C
Find the value of C. Also find the mean of the distribution.
2.The probability of a man hitting target is 0.25. He shoots 7 times. What is the probability of his
hitting at least twice?
3. For the Poisson distribution, find:
(i) P(2), given (e¥=64970 . 7
(i)PB), given & =(€?=0135H
4 Foe a Poisson distribution, 3P(X = 2) = P(X =4). Find P(X = 3)
(Take:re® =0.0024¢8)

LONG ANSWER TYPE QUESTIONS
1. Determine variance and standard deviation of the number of heads in three tosses of a coin.
2. Let X be a discrete random variable whose probability distribution is defined as follows:
Qo p Q¢ b phghofr
0 ® ¢Qw Q¢ b vhphy where k is a constant. Calculate
T EMMi 0QI Q
() the value of k (i) E (X) (iif) Standard deviation of X.
CASE BASED QUESTIONS

1.Customer Visits in a Bank
A bank records that, on average, 3 customers arrive at the counter every 10 minutes.
The arrival of customers follows a Poisson distribution.
Answer the following questions
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(i) What is the probability that exactly 2 customers arrive in 10 minutes?
(ii) Find the expected number of arrivals.
(i) What is the variance?
2.Call Centre
A call centre receives 6 calls per hour on average. Let the random variable X
represent the number of calls per hour.
Questions:
a) What is the probability that exactly 4 calls are received in an hour?
b) What is the probability of receiving at most 2 calls in an hour?
c) What are the mean and variance of this distribution?
HIGHER ORDER THINKING SKILLS
1. A factory produces 80% defeftee bulbs. 10 bulbs are tested. What is the probability that
at least 8 are defettee?
2. Height of a group of students are normally distributed with mean 150 cm and standard
deviation 15 cm. What is the probability that a randomly selected student is taller than 180
cm?

ANSWERS
MULTIPLE CHOICE QUESTIONS
1(Q)EX) T [E(X)]? 2.b)— 3.(c) The outcomes must be dependent on each other
4,(d) 10 5.(c) 2 6.(a)- 7.(a)6.25 8.(d)2.4 9.(a) 0.6826

10. (b) F(1.7)i F(0)

ASSERTION - REASON BASED QUESTIONS
1.A 2A 3A 4A 5 A 6.D
VERY SHORT ANSWER TYPE QUESTIONS

499 1494
lae-0+-2e-0 20.65 3.0.2241 4]0, 9)
¢lO0+ 2¢l0=+
SHORT ANSWER TYPE QUESTIONS
1.C =-1, Mean = 3.66 2.3‘;’—3; 3.() 0.1218 (ii) 0.18 4.0.08928
LONG ANSWER TYPE QUESTIONS
1. Variance = &S.D.= E 2.(i) 1 (i) 5.2 (i) 1.7 (approx)
4 2 50
CASE BASED QUESTIONS
1.(1) 3, (ii) 0.224, (iii) 3 2.(a) 0.1339, (b) 0.06197, (c) 6

HIGHER ORDER THINKING SKILLS
1.0.6777 2.0.0228
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UNIT -5
INFERENTIAL STATISTICS

Gist / Summary: 1. Population and Sample
2. Parameter and Statistics and statistical interference
3. ttest ( one sampletést and for a small group sample)

Definitions : Here are different definitions from inferential statistics:

1. Population: The entire group of individuals or items that a researcher is interested in
understanding or describing.

2. Sample: A subset of individuals or items selected from the population, used to make
inferences about the population.

3. Parameter: A numerical characteristic of a
population proportion (p).

4. Statistic: A numerical characteristic of a sample, such as the samplexjneasample
proportion (s

5. Inference: The process of making conclusions or generalizations about a population based on a
sample of data.

6. Hypothesis: A statement or assumption about a population parameter, which is tested using
sample data.

7. Null Hypothesis (HO): A statement of no effect or no difference, which is tested against an
alternative hypothesis.

8. Alternative Hypothesis (H1): A statement of an effect or difference, which is tested against the
null hypothesis.

9. Type | Error: The probability of rejecting a true null hypothesis.

10. Type Il Error: The probability of failing to reject a false null hypothesis.

Formulae: Here are different formulas from inferential statistics:
1. Sample Meanqg: = (#x) / n
2. Sample StandarBEX->p/WmBJt i on (
3. Standard Error (SE): SE = s
4.zscore:z=(x¢e) [ 0
5.tscore:t=%-¢ ) s/ / (&an)
6. Hypothesis Testing:
Null Hypothesis (HO): & = ¢
Al ternative Hypwothaisli sd(ightLlesni 3 ed ) (efi-tailed) € < ¢

s): s = af(
/[ &an

One sample t test
The one sampletest is used to compare a sample mean to a specific value. In this test, we draw a ran
sample from the population and then compare the sample mean with the population mean and make
statistical decision as to whether or not the samm@glan is different from the population.

6 —

=
‘ 0= The test value, x = Sample mean, n = Sample size and S = Sample standard deviation This t val
is compared to the critical t value from the t distribution table with degrees of freedomni df and
confidence level chosen. We reject the null hypothesis if the medstake is greater than the critical t

value.
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MULTIPLE -CHOICE QUESTIONS (MCQS)

1) What is the primary goal of inferential statistics?
a) To describe a sample b) To make inferences about a population c) To test a hypothesis
d) To estimate a population parameter
Answer: b) To make inferences about a population
2) Which of the following is a type of inferential statistic?
a) Mean b) Median  c¢) Hypothesis testing d) Standard deviation
Answer: ¢) Hypothesis testing
3) A researcher wants to determine if there is a significant difference between the average scores
of two groups. Which statistical test would be most appropriate?
a) ttest b) ANOVA c) Regression analysis  d)-Gduiared test
Answer: a) {test
4) What is the significance level (alpha) in hypothesis testing?
a) The probability of rejecting a true null hypothesis
b) The probability of failing to reject a false null hypothesis
c) The probability of obtaining a statistically significant result
d) The probability of obtaining a nesignificant result
Answer: a) The probability of rejecting a true null hypothesis
5. Which of the following is a requirement for performingtadt?
a) The data must be normally distributed
b) The data must be randomly sampled
¢) The data must be independent
d) All of the above
Answer: d) All of the above
6. A researcher wants to test the hypothesis that the average height of men in a city is 175 cm. A
random sample of 36 men has a mean height of 178 cm with a standard deviation of 5 cm.
What is the test statistic-&core) for this hypothesis test?

a)2.4 b) 1.8 c)1l.2 d) 3.6
Answer: d) Step 1: Calculate the standard error (SE)
SE = s / &n = 5 [/ &a36 = 5/ 6 = 0.83

Step 2: Calculate thescore
z=(0-¢ ) SE/=(178175)/0.83=3/0.83=3.61
Step 3: Round the-gcore to one decimal place
z a4 3.6 (Note: This is an approximation, bu
7. What is the purpose of a eeample test?
a) To compare the means of two independent samples
b) To compare the mean of a sample to a known population mean
c) To determine if there is a significant correlation between two variables
d) To determine if there is a significant difference between two related samples
Answer: b) To compare the mean of a sample to a known population mean
8.A researcher conducts a esemple ttest to determine if the average height of adults in a
certain city is different from the national average of 175 cm. The sample mean is 180 cm with
a standard deviation of 5 cm. What is the null hypothesis?
a) HO: e = 175 b) HO: & | 175 c) HO: ¢
Answer: a) HO: e = 175
9. A onesample ttest is conducted to determine if the average score of a sample of students on a
math test is significantly different from the national average of 80. The sample mean is 85

KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 109




with a standard deviation of 6. If the calculatedlue is 3.5 and the criticaMilue is 2.064,

what is the conclusion?

a) Reject the null hypothesis; the sample mean is significantly different from the national
average

b) Fail to reject the null hypothesis; the sample mean is not significantly different from the
national average

c) The test is inconclusive d) The sample size is too small

Answer: a) Reject the null hypothesis; the sample mean is significantly different from the
national average

10. What is the formula for calculating thstatistic in a onsample #test?

ayt=¢-¢) s/ / (an) b)yt=¢0-¢ ) s/n) (
o)t=¢-¢) ¢2/nha ( dt=¢-c) s/ / €Xa((n
Answer:a)t=%-¢ ) s/ / ( an)

11. A onesample ttest is conducted to determine if the average response time of a sample of
customers is significantly different from the company's claim of 2 minutes. The sample
mean is 2.2 minutes with a standard deviation of 0.5 minutes. If the calcutedhaeps
0.01, what is the conclusion?

a) Reject the null hypothesis; the sample mean is significantly different from the company's
claim

b) Fail to reject the null hypothesis; the sample mean is not significantly different from the
company's claim

c) The test is inconclusive d) The sample size is too small

Answer: a) Reject the null hypothesis; the sample mean is significantly different from the company

claim

12.What is the purpose of a null hypothesis?

a) To provide an alternative explanation for the data
b) To state that there is no significant difference or relationship
c¢) To predict the outcome of the study d) To provide a summary of the data
Answer: b) To state that there is no significant difference or relationship
13. A researcher wants to determine if there is a significant difference in the average scores of
students who receive a new teaching method versus those who receive the traditional method.
What type of hypothesis would be appropriate?
a) Onetailed hypothesis  b) Two-tailed hypothesis
¢) Null hypothesis d) Alternative hypothesis
Answer: b) Twetailed hypothesis
14. What is the alternative hypothesis?
a) A statement of no effect or no difference b) A statement of an effect or difference
c) A summary of the data d) A prediction of the outcome
Answer: b) A statement of an effect or difference

15. A researcher conducts a study and finds that-tfeue is 0.03. If the significance level is
0.05, what is the conclusion?

a) Reject the null hypothesis  b) Fail to reject the null hypothesis
c) The test is inconclusive d) The sample size is too small
Answer: a) Reject the null hypothesis

16. What is the difference between a-toaiéed and twetailed hypothesis test?

a) A onetailed test is used for large samples, while atavied test is used for small samples
b) A onetailed test is used to test for a specific direction of the effect, while-tailed
test is used to test for any effect
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c) A onetailed test is used for quantitative data, while a-taited test is used for
gualitative data
d) A onetailed test is used for independent samples, while aailex test is used for
paired samples
Answer: b) A ondailed test is used to test for a specific direction of the effect, while a
two-tailed test is used to test for any effect.
17. An observed set of the population that has been selected for analysis is called
a) asample b) a process c) a forecast d) a parameter
Answer : a) a sample
18. A specific characteristic of a population is known as a

a) a sample b) parameter C) statistic d) mean
Answer : c

19. A specific characteristic of a population is known as a
a) population b) parameter C) statistic d) variance
Answer : c

20. What is the main idea of the Central Limit Theorem?
a) The distribution of sample means will be normal, regardless of the population distribution
b) The distribution of sample means will be the same as the population distribution
c) The distribution of sample means will be skewed, regardless of the population distribution
d) The distribution of sample means will be bimodal, regardless of the population
distribution
Answer: a) The distribution of sample means will be normal, regardless of the population
distribution
ASSERTION-REASON BASED QUESTIONS
In the following questions, a statement of Assertion A is followed by a statement of Reason R . Pick th
correct options.
a) Both A and R are true, and R is the correct explanation for A.
b) Both A and R are true, but R is not the correct explanation for A.
c) Ais true, but R is false.
d) A is false, but R is true.

1. Assertion (A): The-test is used to compare the means of two groups.
Reason (R): Thetest assumes that the data is normally distributed.
Answer: a) Both A and R are true, and R is the correct explanation for A. By definition.
2. Assertion (A): A onessample #test can be used to test for a significant difference between the
sample mean and a known population mean.
Reason (R): The test statistic is calculated using the sample mean, population mean, sample
standard deviation, and sample size.
Answer: a) The correct answer is: Both A and R are correct, and R is the correct explanation
for A.
Explanation:

The onesample ttest is a statistical test used to determine if there is a significant difference between

the sample mean and a known population mean. This test is used when the population standard
deviation is unknown.

The test statistic for the orsample ttest is calculated using the following formula:

t=00-¢) s/ / ( &n Y=sariple eneaq,: known population mean,s = sample standard
deviation, n = sample size

Therefore, both Assertion (A) and Reason (R) are correct, and Reason (R) provides the correct
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explanation for Assertion (A).

3. Assertion (A): A Type | error occurs when a true null hypothesis is rejected.

Reason (R): A Type | error is also known as a "false positive".

Answer: a) The correct answer is: Both A and R are correct, and R is the correct explanation for A.
Explanation: Assertion (A) is correct: A Type | error occurs when a true null hypothesis is rejected.
This means that the test incorrectly concludes that there is a significant effect or difference when,|in
fact, there is none.
Reason (R) is also correct and provides additional context: A Type | error is indeed also known as a
"false positive". This term emphasizes that the test has incorrectly identified a positive result when, in
reality, there is no such effect.
Therefore, both Assertion (A) and Reason (R) are correct, and Reason (R) provides additional insight
into the concept of Type | errors.

4. Assertion (A): The calculateeMalue in a onesample ttest is compared to a criticaValue

from a tdistribution table.

Reason (R): The criticalalue depends on the degrees of freedom and the chosen significance level.
The correct answer is: a) Both A and R are correct, and R is the correct explanation for A.
Explanation:
Assertion (@) is correct: In a oisample {test, the calculateavalue is indeed compared to a critical
t-value from a-distribution table. This comparison helps determine whether the null hypothesis ca
be rejected.
Reason (R) is also correct and provides additional context: The critighld does indeed depend on
two important factors:
1. Degrees of freedom (df): Typically, df = A, where n is the sample size.
2. Chosen significance | evel (0): Common valu
The tdistribution table provides criticam al ues f or di fferent combi nat
up the critical «value, researchers can determine whether their calcutatdde exceeds the critical
value, leading to rejection of the null hypotises
Therefore, both Assertion (A) and Reason (R) are correct, and Reason (R) provides additional insight
into the process.

5. Assertion (A): A confidence interval can be used to test a hypothesis.
Reason (R): A confidence interval provides a range of values within which

the true population parameter is likely to lie.

Answer: The correct answer is b): Both A and R are correct, but R is not the correct explanation for
A.
Explanation:Assertion (A) is correct, but with a clarification: A confidence interval can be used to
test a hypothesis indirectly. By constructing a confidence interval, you can determine whether the
hypothesized value falls within or outside the interval.
Reason (R) is correct: A confidence interval indeed provides a range of values within which the true
population parameter is likely to lie. However, this statement does not directly explain how a
confidence interval can be used to test a hypothesis.
To test a hypothesis using a confidence interval, you would typically:
1. Construct a confidence interval for the population parameter.
2. Check if the hypothesized value falls within or outside the interval.
3. If the hypothesized value falls outside the interval, you can reject the null hypothesis.
Therefore, while both Assertion (A) and Reason (R) are correct, Reason (R) does not provide the
direct explanation for how confidence intervals can be used for hypothesis testing.

6. Assertion (A): A norparametric test is used when the data does not meet the

assumptions of a parametric test.

—
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Reason (R): A nojparametric test is used when the sample size is small.
Answer: c) A is true, but R is false.
7. Assertion (A): A statistical test can provide conclusive evidence that a null hypothesis is true.

Reason (R): A statistical test can only provide evidence that a null hypothesis is false.
Answer: d) A is false, but R is tru€he correct answer is: Assertion (A) is incorrect, and Reason (R)
IS correct.
Explanation:Assertion (A) is incorrect: A statistical test cannot provide conclusive evidence that a
null hypothesis is true. This is because statistical tests are designed to detect evidence against the nu
hypothesis, not to prove it.
Reason (R) is correct: A statistical test can only provide evidence that a null hypothesis is false. This
is done by calculating a test statistic and determining the probability of obtaining that statistic (or a
more extreme one) assuming the null hypathisstrue. If this probability is below a certain
significance level (e.g., 0.05), the null hypothesis is rejected, indicating evidence that it is false.
Therefore, Reason (R) accurately describes the limitations of statistical tests, while Assertion (A) is
incorrect.

8. Assertion (A): A onesample #test is used to compare the mean of a sample to a known
population mean.

Reason (R): The population standard deviation is unknown, and the sample size is small.
Answer: a) The correct answer is: Both A and R are correct.

Explanation:Assertion (A) is correct: A onsample {test is indeed used to compare the mean of a
sample to a known population mean. This test is used to determine whether the sample mean is
significantly different from the known population mean.

Reason (R) is also correct: The es@mple itest assumes that:

1. The population standard deviation is unknown.

2. The sample size is small (typically n < 30), or the population distribution is not normal.

When the population standard deviation is unknown, the sample standard deviation is used instead,
and the distribution is used to determine the critical region.
Therefore, both Assertion (A) and Reason (R) are correct, and Reason (R) provides additional context
for when to use a orsample test.

9. Assertion (A): The null hypothesis of a esample {test states that the sample mean is equal

to the known population mean.

Reason (R): The alternative hypothesis states that the sample mean is not equal to the known
population mean.

Answer: a) The correct answer is: Both A and R are correct.

Explanation:Assertion (A) is correct: The null hypothesis (HO) of a-sample ttest indeed states
that the sample meax)(is equal to the known population mean){This can be written as:
HO:x=¢

Reason (R) is also correct: The alternative hypothesis (H1 or Ha) states that the sample mean is not
equal to the known population mean. This can be written as:

Hi:xl €

the alternative hypothesis can also be-tailed (i.e. > € orx<e¢ )depending on the research
guestion.Therefore, both Assertion (A) and Reason (R) are correct, providing a clear description of
the null and alternative hypotheses for a-eample itest.

10. Assertion (A): A onesample {test assumes that the sample data are normally distributed.
Reason (R): The Central Limit Theorem states that the distribution of sample means will be
normal, regardless of the population distribution, if the sample size is sufficiently large.
Answer: d) A is false, but R is true
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VERY SHORT-TYPE QUESTIONS

1. What isInferential Statistics?
Ans. Inferential statistics is used to draw conclusions about a population based on a
sample of data.
2. What is the purpose of Hypothesis Testing?
Ans.The purpose of hypothesis testing is to determine whether there is enough evidence
to reject a null hypothesis.
3. What is the difference between a Type | error and a Type Il error?
Ans.A Type | error occurs when a true null hypothesis is rejected, while a Type Il error
occurs when a false null hypothesis is not rejected.
4. What is the Central Limit Theorem?
Ans.The Central Limit Theorem states that the sampling distribution of a sample mean
approaches a normal distribution as the sample size increases.
5. What is the purpose of Confidence Intervals?
Ans.The purpose of confidence intervals is to provide a range of values within which a
population parameter is likely to lie.
6. What is the difference between #est and a-test?
Ans.A ztest is used when the population standard deviation is known, wHiéstis used
when the population standard deviation is unknown.
7. What is the power of a test?
Ans.Thepower of a test is the probability of rejecting a false null hypothesis.
8. What is the difference between a eéagéed test and a twtailed test?
Ans.A onetailed test is used to test a directional hypothesis, while daileal test is used to
test a nordirectional hypothesis.
9. What is the purpose of Ndparametric Tests?
Ans.Thepurpose of nofparametric tests is to test hypotheses when the data does not meet the
assumptions of parametric tests .
10. A sample of 36 students has a mean score of 75. If the population standard deviation is
10, what is the standard error of the mean?
Solution:
Standard Erro
SE = 10 / 4&a36
SE=10/6
SE =1.67
Answer: 1.67
11. A hypothesis test has avalue of 0.03. What is the significance level (alpha) if the null
hypothesis is rejected?
Solution:
Since the prvalue (0.03) is less than the significance level (alpha), we can reject the null
hypothesis. The significance level is typically set to 0.05.
Answer: 0.05
12. A confidence interval for a population mean has a margin of error of 5. If the sample mean
50, what is the lower bound of the interval?
Solution:
Lower Bound = Sample MearMargin of Error
Lower Bound =50 5
Lower Bound =45

r (SE) = G [/ &an
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Answer: 45
13. A sample of 25 observations has a standard deviation of 5. What is the critical value of t
for a twotailed test with alpha = 0.05?
Solution:
Degrees of Freedom (df) =i
df =25-1
df =24
Critical value of t (twetailed, alpha = 0.05, df = 24) = 2.060 (usiriglble)
Answer: 2.060
14. A hypothesis test has a test statistic of 2.5. If the critical value is 1.96, what is the
decision regarding the null hypothesis?
Solution:

Since the test statistic (2.5) is greater than the critical value (1.96), we reject the null hypothesis

Answer: Reject the null hypothesis
15. A sample of 16 observations has a mean of 20. If the population standard deviation is 4,
what is the zscore corresponding to the sample mean?

Solution:

z-score = (Sample MearlPopul ati on Mean) [/ (Popul ation
Assuming population mean = ¢ (-stwe Hogaver,d we ,
assume € = 0 (for simplicity), then:

zscore=(200) / (4 | aie)
z-score =20/ (4/4)
z-score =20/1
z-score = 20
Answer: 20
16. A confidence interval for a population proportion has a margin of error of 0.03. If the
sample proportion is 0.4, what is the upper bound of the interval?
Solution: Upper Bound = Sample Proportion + Margin of Error
Upper Bound = 0.4 + 0.03
Upper Bound = 0.43
Answer: 0.43
17.  Aresearcher conducts a hypothesis test to determine if the average height of adults in a
certain city is different from the national average of 175 cm. The sample mean is 180 cm
with a standard deviation of 5 cm. If the sample size is 36, what is the calcuwatad?
Solution:t=(280175) [/ (5 [/ &36) = 5 [/ 0.83 = 6.
18. A company claims that the average battery life of their smartphones is 12 hours. A
random sample of 30 smartphones has a mean battery life of 11.5 hours with a standard
deviation of 1.2 hours. What is the calculate@iue?
Solution:t=(11.512) [/ ( 1-:052022=a23/0) =

02

19. Aresearcher conducts a hypothesis test to determine if the average score of students on a

math test is significantly different from the national average of 80. The sample mean is
| 85 with a standard deviation of 6. If the sample size is 25, what is the calcwatad?
Solution:t=(8>80) [/ (6 [/ &25) = 5 [ 1.2 = 4.17
20. Aresearcher conducts a hypothesis test to determine if the average response time of
customers is significantly different from the company's claim of 2 minutes. The sample
mean is 2.2 minutes with a standard deviation of 0.5 minutes. If the sample size is 16,
what is the calculatedvalue?
Solution:t=(222) [/ (0.5 [/ &ai16) = 0.2 [/ 0.125 =
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SHORT ANSWER TYPE QUESTIONS

1. A researcher wants to determine if the average height of adults in a certain city is different from
the national average of 175 cm. A random sample of 36 adults from the city has a mean height of
180 cm with a standard deviation of 5 cm. Conduct asamege t-test to determine if the sample

mean i s significantly different from the njat
Solution:

t=00-¢) s/ / (&an)

t=(180-275) [/ (5 [/ &a36)

t=5/0.83

t=6.02

df=n-1=36-1=35
Critical t-value = 2.030 (usingdistribution table)
Since calculatedvalue (6.02) > critical-value (2.030), reject the null hypothesis.

2. A company claims that the average battery life of their smartphones is 12 hours. A random sample
of 30 smartphones has a mean battery life of 11.5 hours with a standard deviation of 1.2 hours
Conduct a onsample ttest to determine if the sample measignificantly different from the
company's claim. Use U = 0.01.

Solution:

t=00-¢ ) s/ / (&an)

t=(11512) [/ (1.2 [/ &a30)

t=-0.5/0.22

t=-2.27

df=n-1=30-1=29

Critical t-value = 2.462 (usingdistribution table)

Since calculatedvalue ¢2.27) < critical tvalue (2.462), fail to reject the null hypothesis.

3. A researcher conducts a study to determine if the average score of students on a math test is
significantly different from the national average of 80. A random sample of 25 students has a
mean score of 85 with a standard deviation of 6. Conduct-aampe ttest to determine if the
sample mean is significantly different frojm
Solution:
t=00-¢) s/ / (&an)
t=(85-80) [/ (6 [/ &az25)
t=5/1.2
t=4.17
df=n-1=25-1=24
Critical t-value = 2.064 (usingdistribution table)

Since calculatedvalue (4.17) > critical-value (2.064), reject the null hypothesis.

4, A researcher wants to determine if the average response time of customers is significantly
different from the company's claim of 2 minutes. A random sample of 16 customers has a mean
response time of 2.2 minutes with a standard deviation of 0.5 minutedu€@@ onesample {test
to determine i f the sample mean is signifiica
Solution:
t=00-€¢) s/ / (&n)
t=(22-2) [/ (0.5 [/ &ale)
t=0.2/0.125
t=1.6
df=n-1=16-1=15
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Critical t-value = 2.131 (usingdistribution table)

Since calculatedvalue (1.6) < critical-value (2.131), fail to reject the null hypothesis.

A researcher conducts a study to determine if the average GPA of students who take online
courses is significantly different from the national average of 3.0. A random sample of 25 stude
who take online courses has a mean GPA of 3.2 with a standaatiai®waf 0.5. Conduct a one

sample ttest to determine if the sample mean is significantly different from the national average.

Use U = 0.05.

Solution:

t=00-€) s/ / (&n)

t=32-3.0) [/ (0.5 [/ &az2b5)

t=0.2/0.1

t=2

df=n-1=25-1=24

Critical t-value = 2.064 (usingdistribution table)

Since calculatedtalue (2) < criticalvalue (2.064), fail to reject the null hypothesis.

A researcher conducts a hypothesis test to determine if the average GPA of students who take
online courses is significantly different from the average GPA of students who take traditional
classroom courses. The sample mean for online courses is 3.2statidard deviation of 0.5, and
the sample mean for traditional classroom courses is 3.0 with a standard deviation of 0.4. If the
sample size for both groups is 25, what is the calculatatue?

Solutions:t=323.0) [/ &a[(o.5) [/ 25) + (0.4) [ 25)
A researcher wants to determine if the average height of adults in a certain city is different from
the national average of 175 cm. A random sample of 36 adults from the city has a mean height
180 cm with a standard deviation of 5 cm. Conduct a hypisthest to determine if the sample

mean is significantly different from the n
Solution:

HO : e = 175

H1: ¢ | 175

t=(0-¢)s// (&n-)l75)(1¥8QqQ5 / &ad36) = 6.02

df=n-1=36-1=35

Critical t-value = 2.030 (usingdistribution table)

Since calculatedalue (6.02) > critical-alue (2.030), reject the null hypothesis.

A company claims that the average battery life of their smartphones is 12 hours. A random san
of 30 smartphones has a mean battery life of 11.5 hours with a standard deviation of 1.2 hours
Conduct a hypothesis test to determine if the sample meaiSczintly different from the

company's claim. Use U = 0.01.
Solution:

HO : e = 12

H1: ¢ | 12

t=(o-e)s// (An)l2) (JL1.1®2Z | &30) =

df=n-1=30-1=29

Critical t-value = 2.462 (usingdistribution table)

Since calculatedvalue €2.27) < critical tvalue (2.462), fail to reject the null hypothesis.

A researcher conducts a study to determine if the average score of students on a math test is
significantly different from the national average of 80. A random sample of 25 students has a
mean score of 85 with a standard deviation of 6. Conduct a hyotastsio determine if the
sample mean is significantly different fro
Solution:
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HO: e = 80
H1: ¢ | 80
t=(0-¢)s// (&n§0)yr /(8OGO6 [/ &25) = 4.17
df=n-1=25-1=24

Critical t-value = 2.064 (usingdistribution table)

Since calculatedvalue (4.17) > critical-value (2.064), reject the null hypothesis.

A researcher wants to determine if the average response time of customers is significantly
different from the company's claim of 2 minutes. A random sample of 16 customers has a mea
response time of 2.2 minutes with a standard deviation of 0.5 minutedu€a hypothesis test

to determine if the sample mean i s signifi
Solution:

HO: e = 2

H1: ¢ 1 2

t=00-¢ ) s/ / (anp)=/ (2025 / &a16) = 1.6

df=n-1=16-1=15

Critical t-value = 2.131 (usingdistribution table)

Since calculatedtalue (1.6) < critical-value (2.131), fail to reject the null hypothesis.

A researcher conducts a study to determine if the average GPA of students who take online
courses is significantly different from the national average of 3.0. A random sample of 25 stude
who take online courses has a mean GPA of 3.2 with a standaadial®waf 0.5. Conduct a
hypothesis test to determine if the sample mean is significantly different from the national

average. Use U = 0.05.

Solution:

HO: e = 3.0

H1: ¢ | 3.0
t=(0-¢)s// (&@&npgp. 6)(B.RO.5 / &az25) = 2

df=n-1=25-1=24

Critical t-value = 2.064 (usingdistribution table)

Since calculatedtalue (2) < criticalvalue (2.064), fail to reject the null hypothesis.
A researcher conducts a study to determine if the average time spent on social media by teeng
is significantly different from the national average of 2 hours per day. A random sample of 30
teenagers has a mean time spent on social media of 2.5 hodey/peth a standard deviation of
0.8 hours. Conduct a hypothesis test to determine if the sample mean is significantly different

from the national average. Use U = 0.05.
Solution:

HO: e = 2

H1: ¢ | 2

t=00-¢ ) s/ / (anp)=/ (2058 / &a30) = 3.33

df=n-1=30-1=29
Critical t-value = 2.045 (usingdistribution table)
Since calculatedvalue (3.33) > critical-value (2.045), reject the null hypothesis.
Therefore, the average time spent on social media by teenagers is significantly different from tk
national average of 2 hours per day.

LONG ANSWER TYPE QUESTIONS

Consider the following hypothesis te€U: O @by > 22, A sample of 25 provided a
sample meanx14 and a sample standard deviation S = 4.32

Compute the value of the test statistic.

Use the distribution table to compute a range for thegtue.
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At U = 0.05 what is your conclusion?

Solution : (i) Giver: Sample size (n) = 25, Sample mean< 14, Sample standard deviation (s) =
4.32, Hypothesized population mean)( = Sidce@ the population standard deviation is
unknown, we use thestatistic:

t=00-¢) s/ / (an)

=(14-12) [ (4.32 | az25)

=2/(4.32/5)

=2/0.864

=2.315

Use the distribution table to compute a range for thegtue.

Degrees of freedom (df) =L = 25-1 =24

Using the distribution table, we find that for df = 24 and t = 2.315, thalue is between 0.01
and0.025(on¢ ai |l ed test, since H1: € > 12).
Sincethepr al ue (between 0.01 and 0.025) is | es
(HO: & O 12).

Conclusion: There is sufficient evidence t
suggests that the true population mean is greater than 12.

Suppose that a 95% confidence interval states that population mean is greater than 100 and
less than 300.How would you interpret this statement?

Solution : Interpretation: The statement "population mean is greater than 100 and less than
300" within a 95% confidence interval means:

We are 95% confident that the true population mean lies within the interval (100, 300).

There is only a 5% chance that the true population mean lies outside this interval.

The interval provides a range of plausible values for the population mean, rather than a
single point estimate.

In practical terms, this interval suggests that the population mean is likely to be somewhere
between 100 and 300, but we cannot pinpoint the exact value without collecting more data

or increasing the sample size.

A shoe maker company produces a specific model of shoes having 15 months average lifetime.

One of the employees in their R and D division claims to have developed a product that last
longer. This latest product was worn by 30 people and lasted on averdgenionths. The
variability of the original shoe is estimated based on standard deviation of the new group which

is 5.5 mont hs. |l s the designerds claim of
Make your decision using two tailed test wsanlevel of significance of p< 0.05

Solution : Given values:

Original shoe's average | ifetime (&) = 15
New shoe's average lifetimg) (= 17 months

Sample size (n) = 30

Standard deviation (s) = 5.5 months

- Level of signif-datedteste (U) = 0.05 (two
Calculations:

Standard error (SE) = s |/ &an = 5.5 / 430 a

Test statistic (t) =¢-¢ ) SE/=(17-15)/ 1.00 = 2.00
Degrees of freedom (df) =+ =30-1 =29

mo




Critical t-value: Using a-tlistribution table, we find the criticaMal ue f or df
(two-tailed test) is approximately 2.045.

Decision: Since the calculatedalue (2.00) is less than the criticalalue (2.045), we fail to
reject the null hypothesis.

= 2

Conclusion: The designer's claim of a better shoe is not supported by the findings of the trial at
a level of significance of p < 0.05. The new shoe's average lifetime is not significantly different

from the original shoe's average lifetime.

4) An electric light bulbs manufacturer claims that the average life of their bulb is 2000 hours. A
random sample of bulbs is tested and the life (x) in hours recorded. The following were the
outcomesx (= 127808 anck ( WI- 6)? = 9694.6. Is there sufficient evidence, at the 1% level,

that the manufacturer is over estimating the life span of light bulbs?

Solution :Given valuesClaimed average lifee() = hau®,Gample size (n) = ? (we'll
calculate it), Sum of [|ife hour s0 X)?*)xx9594.6,
Level of significanceld ) = oifetailed tesf)

Cal cul ati ons: Sa(wedbnd knewg but we(can Juse the claimed vatue =
2000 as a proxy)

n 127808 / 2000 a
S a(962%)6a/a(ass.
We'll use the sample meaae = &@ Proxy, sin e don't know the true sample me
t=(2000-2000) [/ (12.46 |/ = 0 / 1.56 =
mean)= xx / n & 127808 / 64 & 1997.63
t=(1997632000) [/ (12. 3B /5E6309 &

Critical tvalue: Using a-tlistribution table, we find the criticaMalue fordf=n1 = 6 3
= 0.01 (ondailed test) is approximateh2.396.

Decision: Since the calculatedalue €1.52) is greater than the criticabalue ¢2.396), we fail
to reject the null hypothesis.

Conclusion: There is insufficient evidence, at the 1% level, to suggest that the manufactu
overestimating the life span of light bulbs.
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CASE BASED QUESTIONS
1. A fertilizer company packs the bags labeled 50kg and claims that the mean mass of bags is
50 kg with a standard deviation 1 kg. An inspector points out doubt on its weight and tests
60 bags. As a result he flnds that mean mass is 49.6 kg.

From the above mformatlon answer the foIIowmg quest|ons:

(i) Find standard error

(if) Calculate test statistic

(iif) Write decision whether null hypothesis rejected or not
OR

Is the inspector right in his suspicions? Give reason .
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Solution: Given values: Claimed mean masg ( kg, Gldimed standard deviation § kg, 1
Sample size (n) = 60, Sample mean ma&ps @9.6 kg, Level of significanc&)() = 0.05
Calculations: (i) Standarderror (SEfi= # &4 1 / 460 & O0.xX-8)SE/=Test
(496-50) [/ -308 13 a
(iNCritical z-value: Using a standard normal distribution table, we find the critigahzZl ue f or
0.05 (twotailed test) is approximately +1.96.
(in)Decision: Since the calculatedvalue €3.08) is less than the criticalvalue €1.96), we reject
the null hypothesis.

OR
Conclusion: The inspector is right in his suspicions. The sample mean mass (49.6 kg) is
significantly different from the claimed mean mass (50 kg) at a 5% level of significance. This
suggests that the fertilizer company's bags may not be packed to mhedclaeight.

. The average heart rate for Indians is 72 beats/minute. To lower their heart rate , a group of 25
people participated in an aerobics exercise programme. The group was tested after six months
to see if the group had significantly slowed their heart rate. The average heart rate for the
group was 69 beats/minute with a standard deviation of 6.5 .

—\ A

From the above information, answer the following questions:

() Find standard error

(i) Write degrees of freedom

(iif) Write decision whether null hypothesis rejected or not
OR

Was the aerobics program effective in lowering heart rate?

Solution :Given values: National average heart ratg ( beatd/@inute, Sample size (n) =
25,Sample mean heart rat@ € 69 beats/minute, Sample standard deviation (s) = 6.5 beats/minute,
Level of significance) = . 05
Cal cul ati ons: (i) Standard error (SEX»c¢F $
SE=(6972)/13=3 |/ -2313 a
(ii )Degrees of freedom (df) =nl =25-1=24
Critical t-value: Using a-tlistribution table, we find the criticaMal ue f or df =-214
tailed test) is approximateht.711.
(inDecision: Since the calculatedsalue €2.31) is less than the criticalalue €1.711), we reject
the null hypothesis.

OR
Conclusion: The aerobics program was effective in lowering the heart rate. The sample mean hea
rate (69 beats/minute) is significantly lower than the national average (72 beats/minute) at a 5% |
of significance.
3. The average cholesterol level for men is 180 mg/dL. A group of 25 men participated in a
diet and exercise program and had their cholesterol levels measured after 6 months. The
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average cholesterol level for the group was 165 mg/dL with a standard deviation of 10

mg/dL. From the above information, answ
)

(i) Find standard error
(i) Write degrees of freedom
(iif) Write decision whether null hypothesis rejected or not
OR
Was the diet and exercise program effective in lowering cholesterol levels?
Solution: Given values: National average cholesterol levgl ( =mgldB, Gample size (n) = 25,
Sample mean cholesterol levg) € 165 mg/dL, Sample standard deviation (s) = 10 mg/dL, Level of
significance) =0. 05
Cal cul ations: (i)Standard error (SEY-¢3SE=/
(165- 180) / 2 =15/ 2 =-7.5, (ii) Degrees of freedom (df) =l = 25- 1 = 24Critical tvalue:
Using a tdistribution table, we find the cidtal t-value for df = 24 antl = Onet@il&d test) is
approximately1.711.
(inDecision: Since the calculatedsalue €7.5) is less than the criticavalue €1.711), we reject the
null hypothesis.
OR

Conclusion: The diet and exercise program was effective in lowering cholesterol levels. The samp
mean cholesterol level (165 mg/dL) is significantly lower than the national average (180 mg/dL) at
5% level of significance.

HIGHER ORDER THINKING SKILLS

A light bulb manufacturer claims that their bulbs last an average of 1000 hours. A sample of
25 bulbs found an average lifetime of 1050 hours with a standard deviation of 120 hours. Is
t he manufacturer's c¢claim supported by the d
Solution: To determine if the manufacturer's claim is supported, we'll conductsaomgle #test to
check if the sample mean lifetime is significantly different from the claimed lifetime.
Given values:
-Claimed |ifetime (g) = 1000 hours
- Sample size (n) = 25
- Sample mean lifetimed = 1050 hours
- Sample standard deviation (s) = 120 hours

-Level of signif-atedtestte (U) = 0.05 (two

Cal cul ati ons: Standard error (SE) = s [ an
Test statistic (t) =x¢-¢ ) SE/=(10561000) / 24 = 50 [/ 24 a 2.08
Degrees of freedom (df) =1L = 25-1 =24

Critical t-value:Using a tdistribution table, we find the criticaMa |l ue f or df = 24

(two-tailed test) is approximately +2.064.
I —————————
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Decision:Since the calculateavalue (2.08) is greater than the criticafalue (2.064), we reject the
null hypothesis.
Conclusion:The manufacturer's claim is not supported by the data. The sample mean lifetime (1050
hours) is significantly greater than the claimed lifetime (1000 hours) at a 5% level of significance
2. A pharmaceutical company claims that their new drug reduces blood pressure by an average
of 10 mmHg. A sample of 30 patients found an average reduction of 12 mmHg with a

standard deviation of 8 mmHg. | s the companl|y
Solution : Given values:
Cl ai med reduction (&) = 10 mmHg

Sample size (n) = 30

Sample mean reductior)(= 12 mmHg

Sample standard deviation (s) = 8 mmHg

Level of signif-datedteste (U) = 0.05 (two
CalculationsSt andard error (SE) = s [/ an = 8 [/ as3p
Test statistic (t) =%-¢ )SE/=(12210) / 1.46 & 2 |/ 1.46 & 1. 37
Degrees of freedom (df) =L = 30- 1 = 29
Critical t-value:Using a tdistribution table, we find the criticaMal ue f or df = 29
(two-tailed test) is approximately +2.045.

Decision:Since the calculateavialue (1.37) is less than the criticalalue (2.045), we fail to reject
the null hypothesis.

Conclusion:The company's claim is supported by the data. The sample mean reduction in blood
pressure (12 mmHg) is not significantly different from the claimed reduction (10 mmHg) at a 5%
level of significance.

EXERCISE
MULTIPLE CHOICE QUESTIONS
1. What is the primary goal of inferential statistics?

A) To describe a sample
B) To make inferences about a population
C) To test a hypothesis
D) To estimate a population parameter
2. A researcher wants to determine if there is a significant difference between the average scores of two
groups. Which statistical test would be most appropriate?
A) t-test
B) ANOVA
C) Regression analysis
D) Chi-squared test
3. Which of the following is a requirement for performingtadt?
A) The data must be normally distributed
B) The data must be randomly sampled
C) The data must be independent
D) All of the above
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4. What is the purpose of a eeample {test?
A) To compare the means of two independent samples
B) To compare the mean of a sample to a known population mean
C) To determine if there is a significant correlation between two variables
D) To determine if there is a significant difference between two related samples
5. A onesample ttest is conducted to determine if the average score of a sample of students on a mat
test is significantly different from the national average of 80. The sample mean is 85 with a standard
deviation of 6. If the calculateeMalue is 3.5and the critical-value is 2.064, what is the conclusion?
A) Reject the null hypothesis; the sample mean is significantly different from the national avera
B) Fail to reject the null hypothesis; the sample mean is not significantly different from the
national average
C) The test is inconclusive
D) The sample size is too small
6. What is the formula for calculating thetatistic in a onsample {#test?
At=00-g) s/ / (&an)
B)t=00-€ ) s/n) (
C)t=¢0-¢) ¢2/n)a (
D)t=(0-¢ ) s/ / ¢)A(n
7. What is the purpose of a null hypothesis?
A) To provide an alternative explanation for the data
B) To state that there is no significant difference or relationship
C) To predict the outcome of the study
D) To provide a summary of the data
8. An observed set of the population that has been selected for analysis is called

A) a sample B) a process C) a forecast D) a parameter
9. A specific characteristic of a population is known as a

A) a sample B) parameter C) statistic D) mean
10. A specific characteristic of a population is known as a

A) population B) parameter C) statistic D) variance

ASSERTION-REASON BASED QUESTIONS
In the following questions, a statement of Assertion A is followed by a statement of Reason R . Pi

the correct options.
A) Both A and R are true, and R is the correct explanation for A.
B) Both A and R are true, but R is not the correct explanation for A.
C) Alis true, but R is false.
D) A is false, but R is true.
1. Assertion (A): A onesample {test assumes that the sample data are normally distributed.
Reason (R): The Central Limit Theorem states that the distribution of sample means will be
normal, regardless of the population distribution, if the sample size is sufficiently
large.
2. Assertion (A): The null hypothesis of a esemple ttest states that the sample mean is equal
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to the known population mean.
Reason (R): The alternative hypothesis states that the sample mean is not equal to the known
population mean.
3. Assertion (A): A onesample #test is used to compare the mean of a sample to a known
population mean.
Reason (R): The population standard deviation is unknown, and the sample size is small.
4. Assertion (A): A statistical test can provide conclusive evidence that a null hypothesis is true.
Reason (R): A statistical test can only provide evidence that a null hypothesis is false.
5. Assertion (A): A norparametric test is used when the data does not meet the
assumptions of a parametric test.
Reason (R): A nojparametric test is used when the sample size is small.
6. Assertion (A): A confidence interval can be used to test a hypothesis.
Reason (R): A confidence interval provides a range of values within which
the true population parameter is likely to lie.

VERY SHORT ANSWER -TYPE QUESTIONS
1. A sample of 36 students has a mean score of 75. If the population standard deviation is 10,

what is the standard error of the mean?

2. What is the purpose of Hypothesis Testing?

3. A hypothesis test has avplue of 0.03. What is the significance level (alpha) if the null
hypothesis is rejected?

4. A confidence interval for a population mean has a margin of error of 5. If the sample mean is
50, what is the lower bound of the interval?

5. A sample of 25 observations has a standard deviation of 5. What is the critical value of t for a
two-tailed test with alpha = 0.05?

6. A hypothesis test has a test statistic of 2.5. If the critical value is 1.96, what is the decision
regarding the null hypothesis?

SHORT ANSWER-TYPE QUESTIONS
1. Aresearcher conducts a study to determine if the average score of students on a math test is

significantly different from the national average of 80. A random sample of 25 students has a me
score of 85 with a standard deviation of 6. Conduct asangpé ttest to determine if the sample
mean i s significantly different from the n3g

A researcher wants to determine if the average response time of customers is significantly differ

from the company's claim of 2 minutes. A random sample of 16 customers has a mean response

time of 2.2 minutes with a standard deviation of 0.5 minutesd@ct a onesample ttest to
determine i f the sample mean is significant
A company claims that the average battery life of their smartphones is 12 hours. A random samy
of 30 smartphones has a mean battery life of 11.5 hours with a standard deviation of 1.2 hours.

Conduct a hypothesis test to determine if the sample meamiSczintly different from the
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company's claim. Use U = 0.01.
4. Aresearcher conducts a study to determine if the average time spent on social media by teenagers i
significantly different from the national average of 2 hours per day. A random sample of 30
teenagers has a mean time spent on social media of 2.5 hodey/peth a standard deviation of
0.8 hours. Conduct a hypothesis test to determine if the sample mean is significantly different fram
the national average. Use U = 0.05.
5. Aresearcher wants to determine if the average height of adults in a certain city is different from the
national average of 175 cm. A random sample of 36 adults from the city has a mean height of 180
cm with a standard deviation of 5 cm. Conduct asarape t-test to determine if the sample mean
is significantly different from the national
6. A company claims that the average battery life of their smartphones is 12 hours. A random sample
of 30 smartphones has a mean battery life of 11.5 hours with a standard deviation of 1.2 hours.
Conduct a onsample #test to determine if the sample measignificantly different from the

company's claim. Use U = 0.01.

LONG ANSWER TYPE QUESTIONS

1. Suppose that a 95% confidence interval states that population mean is greater than 100 and

less than 300.How would you interpret this statement?

2. A shoe maker company produces a specific model of shoes having 15 months average lifetime.
One of the employees in their R and D division claims to have developed a product that last
longer. This latest product was worn by 30 people and lasted on averdgenionths. The
variability of the original shoe is estimated based on standard deviation of the new group which
is 5.5 mont hs. Il s the designerods claim of 3 &G
Make your decision using two tailed test @sanlevel of significance of p< 0.05

3. Consider the following hypothesis te€U: O @by > 22, A sample of 25 provided a
sample meanx14 and a sample standard deviation S = 4.32
(i) Compute the value of the test statistic.

(i) Use the istribution table to compute a range for thegtue.

At U = 0.05 what is your conclusion?
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CASE BASED QUESTIONS

1. The average heart rate for Indians is 72 beats/minute. To lower their heart rate , a group of 25

people participated in an aerobics exercise progranmheegroup was tested after six months
to see if the group had significantly slowed their heart rate. The average heart rate for the

group was 69 beats/minute with a standard deviation of 6.5 .

From the above information, answer the following questions:
(i) Find standard error

(i) Write degrees of freedom

(iif) Write decision whether null hypothesis rejected or not

OR
Was the aerobics program effective in lowering heart rate?
2. A fertilizer company packs the bags labeled 50kg and claims that the mean mass of bags is
50 kg with a standard deviation 1 kg. An inspector points out doubt on its weight and tests
60 bags. As a result he finds that mean mass is 49.6 kg.

From the above information, answer the following questions:

(i) Find standard error

(i) Calculate test statistic

(iif) Write decision whether null hypothesis rejected or not
OR

Is the inspector right in his suspicions? Give reason .

HIGHER ORDER THINKING SKILLS

A pharmaceutical company claims that their new drug reduces blood pressure by an average of
mmHg. A sample of 30 patients found an average reduction of 12 mmHg with a standard deviati
of 8 mmHg. Isthecompady cl ai m supported by the data?

A light bulb manufacturer claims that their bulbs last an average of 1000 hours. A sample of 25
bulbs found an average lifetime of 1050 hours with a standard deviation of 120 hours. Is the
manufactures c¢cl aim supported by the data? (Use U
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ANSWERS
MULTIPLE CHOICE QUESTIONS
1.b 2A 3.D 4B 5a 6A 7.b 8a 9b 10.c

ASSERTION-REASON BASED QUESTIONS
1.d 2.a 3.a 4.d b5.c 6.b

VERY SHORT ANSWER -TYPE QUESTIONS
1. 1.67 2. Write Definition 3. 0.05 4. 45 5.2.060 6. Reject null hypothesis

SHORT ANSWER -TYPE QUESTIONS
1. Reject null hypothesis. fail to reject the null hypothesis. 3. fail to reject the null hypothesis.
4. Reject null hypothesis 5. Reject null hypothesis 6. fail to reject the null hypothesis

LONG ANSWER -TYPE QUESTIONS
1. Interpretation: The statement "population mean is greater than 100 and less than 300" within a
95% confidence interval means: We are 95% confident that the true population mean lies within
the interval (100, 300).There is only a 5% chance that theptrelation mean lies outside this
interval. The interval provides a range of plausible values for the population mean, rather than a
single point estimate. In practical terms, this interval suggests that the population mean is likely to
be somewhere betwed 00 and 300, but we cannot pinpoint the exact value without collecting
more data or increasing the sample size.
2. The new shoe's average lifetime is not significantly different from the original shoe's average
lifetime.
3. (i) 2.315 (ii) pvalue is between 0.01 and 0.025 (iii) reject the null hypothesis

CASE BASED QUESTIONS
1. (i) 1.3 (ii) 24 (iii) reject the null hypothesis
OR
The sample mean heart rate (69 beats/minute) is significantly lower than the national average.
2. (i) .13 (ii)-3.08 (iii) reject the null hypothesis
OR
The inspector is right in his suspicions. The sample mean mass (49.6 kg) is significantly different fron
the claimed mean mass (50 kg) at a 5% level of significance
HOTS
1. Standard error (SE) a 1.46 ,Test st avaliest i c
+2.045. Decision fail to reject the null hypothesis.

2. Standard error (SE) =24, Test statistic (t)
Critical t-value: approximately +2.064., Decision: reject the null hypothesis.
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UNIT 7 6
TIME BASED DATA

MIND MAP: -

Time Cross - Pooled
Series ~ Sectional . Series
Data - Data ~ Data

~ Moving averages Method of least
~method to find trend - | s 40 find

Definition and Formulas

Time Series
A time series is a sequentially recorded numerical data points for a given variable arranged in a successivi
order to track variation. For thorough analysis, these data points are recorded at successive times or
successive periods, to provide the informatbeing sought for analysis or forecast.

An essential aspect of managing any business or economy model is planning for the future. Time series
analysis is useful in analyzing how a given asset, security, or economic variable changes over a period of
time. These series also help to see how a basior economic variable change over a period of time. It
also gives an insight on how changes associated with the chosen data points compare to the changes in
other variables over the same period of time
Time series forecasting tools use information based on historic data and associated patterns to predigt the
future activity such as trend analysis, fluctuation analysis; though the success in predicting future patterns
is not guaranteed.

Such data analysis is considered in three types:
$ Time series data: when data of the variable is collected at distinct time intervals, for a specified pet
of time.

$ Crosssectional datawhen data for one or more variables is collected at the same point in time.
$l Pooled data: when dataancombination of time series data and cresstional data is collected.
Forecasting methods can be classified as quantitative and qualitative. Quantitative method of
forecasting can be used:

$ When the past information about the variable is available .

$ When information and data of the variable can be quantified .

$ On the assumption that the pattern of the past will continue in the future .

$ The variable has a cadapdeffect relationship with one or more other variables.
I —————————
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Time series analysis
A time series in which data of only one variable is varying over time is called a univariate time series/data
set. For example, data collected from a temperature sensor measuring the temperature of a place every

second, the data will show us only edienersional valug temperature

India's Village Electrification Progress, 2005-17

15,574 15,506

JATD]
' ")l

\'nll.nges elrc(nhed

7 500 6,015

07 1,408

N6 ) 010-11 N12.1:; 20141
2005-06 200708 2009-1C 2011-12 N13-14 2015-16

Year

When a time series is a collection of data for multiple variables and how they are varying over time, it |is
called multivariate time series/data set.

Projected Gt CO; in 2018

i Allothers 15.3
- A 1.8% (+0.5% 10 +3.0%)

-

The patterns and behavior of the data in any time series are based on four components:

1. Secular trend component’ also known as trend series, is the smooth, regular anetéomg
variations of the series, observed over a long period of time. Figure 6.8.1 (iii) shows an upward
trend for annual electricity consumption per household in a certain residential locatitydars
199071 2002. In general, trend variations can be either linear ctinear.

Power used (units)

-
-

Years
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3. Cyclical componenti when a time series shows an oscillatory movement where period of
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2. Seasonal componerit when a time series captures the periodic variability in the data, capturing
the regular pattern of variability; within otye@ar periods. The main causes of such fluctuations ar¢
usually climate changes, seasons, customs and habits which people falltferext times.

- inda

PEAX DEMAND (ARATION 2018 |GW)
L)

PUAK DOMAND (M)

oscillation is more than a year where one complete period is called a cycle.

Irregular component i these kinds of fluctuations are unaccountable, unpredictable or sometimes
caused by unforeseen circumstancesilikeods, natural calamities, labor strike etc. Such random

variations in the time series are caused by gieom, unanticipated and nowetering factors that
affect the time series.

Trend analysis by fitting linear trend line

Trend can be measured using the following methods:

1. Graphical method

2. Semi averages method

3. Moving averages method

4. Method of least squares

We shall be studying two methods to compute trend line from the above list.

0] Trend analysis by moving average method

Procedure for calculating Moving average for odd number of years (n = odd)

Let us take an example for n = 3 years moving averages to understand the procedure
1. Add up the values of the first 3 years and place the yearly sum against the median
(middle) year. (This sum is calledy&ar moving total)

2. Continue this process by leaving the firetir value, add up the next three year values
and place it against its median year.

3. This process must be continued till all the values of the data are taken for calculation
4. Calculate the+year average by dividing eackyrarly moving total by n to get the n

year moving averages, which is our required trend values.

5. There will be no trend value for the beginning period and the ending period in this
method

(i) Computation of Straight-line trend by using Method of Least squares

Method of least squares is a technique for finding the equation which best fits a given set
of observations. In this technique, the sum of squares of deviations of the actual and




computed values is least and eliminates personal bias.
Suppose we are giveannumber of observations and it is required to fit a straight line to
these data. Note that n, the number of observations can be odd or even.
Recall that the general linear equation to represent a straight line is:
y = a + bX------mmmmem oo ®
~wherey is the actual value, X is time; a and b are real numbers
In order to fit the best fitted trend line with the help of general equation v = a + bx for the given
time series, we will try to find the estimated values of y, say i; close to the observed values y, for
i=12 ..,n
According to the principle of least squares, the best fitting equation is obtained by minimizing the

sum of squares of differences which leads us to two conditions:

1. The sum of the deviations of the actual values of y and §j (estimated value of y) is zero
= EHy-u) =0
2. The sum of squares of the deviations of the actual values of y and § (estimated value of i) is
least = E{!;_B";].)z is least
For the purpose of plotting the best fitted line for trend analysis, the real values of constants ‘a’
and ‘b’ are estimated by solving the following two equations:
I¥Y=na+bZ X s {ii)
SXY=aXX+bT X2 (i)
Where ‘n” = number of years given in the data.

1. Remember that the time unit is usually of successive uniform duration. Therefore, when the
middle time period is taken as the point of origin, it reduces the sum of the time variable x to zero

Which means that by taking the mid-point of the time as the origin,
we get £ X =10
2. When X = 0, the equations (ii) and (iii) reduce to:
EY =ma + b (0)

) BozBoo BOBO Bl n
o &t o L BT s
Bw " .

—  Bo

MULTIPLE CHOICE QUESTIONS

1 Which of the following is not an example of a time series model?

a) Cross sectional b) Moving average

c) Exponential smoothing d) Naive approach

Solution: - d) Naive approach
2 A set of observations recorded at an equal interval of time is called.

a) Time series data b) Data

c) Array data d) Geometric Series

Solution: - (a) Time series data

Explanation: A time series is a set of observations taken at specified times, usually at equal il
3 Irregular variations in a time series are caused by
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a) All of these b) Floods
c) Epidemics d) Lockouts and strike
Solution: - a) All of these
Which of the following candét be a compone
a) Noise b) Trend
c) None of these d) Seasonality
Solution: - ¢) None of these
For the given values 15, 23, 28, 36, 41, 46, thge&arly moving averages are:
a) 22, 29, 35, 41
b) 24, 29, 35, 41
c) 24, 28, 35, 41
d) 22, 28, 35, 41
Solution: - (a) 22, 29, 3541
Explanation: (15+23+28)/3, (23+28+36)/ 3,
Which of the following is an example of time series problem?
l. Estimating numbers of hotel rooms booking in next 6 months.
Il. Estimating the total sales in next 3 years of an insurance company.
Il Estimating the number of calls for the next one week.
a) (i) and (i) b) Only (iii) c) (i), (i) and (iii)  d) (i) and (iii)
Solution:- (c) (i), (ii) and (iii)
Explanation: All the component are associated withe.
Time series analysis helps to
a) predict the future behaviour of a variable.
b) understand the behaviour of a variable in the past.
c) all of these.
d) plan future operations.
Solution:- ¢) all of these.
In the theory of time series, shortage of certain consumer goods before the annual budget is
a) Irregular Variations  b) Secular Trend
c) Seasonal Variation  d) Cyclic Variation
Solution:- ( ¢) Seasonalariation
ExplanationSeasonabariationis variationin atime serieswithin oneyearthatis repeateanoreor
lessregularly.So, shortage of consumer goods before the annual budget is due to seasonal vi

An orderly set of data arranged in accordance with their time of occurrence is called:
a) Time Series b) Harmonic Series ¢) Geometric Series d) Arithmetic Series
Solution:- (a) Time Series

ExplanationThe organizedseriesof dataon the basisof anymeasuref timeis calledTime series.
Increase in the number of patients in the hospital due to heat stroke is:
a) Secular trend b) Seasonal variation c) Irregular variation d) Cyclical variations

Solution:- (a) Secularttrend

Explanationin seasonabariation,tendencymovements@redueto the naturewhichrepeat
themselvegperiodicallyin every season.
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12

13

14

15

16

17

18

19

20

For predicting the straight lirteend in the sales of scooters (in thousands) on the basis of 6
consecutive years data, the company makesuseoffde ar movi ng aver agé¢
scooters for respective years are a, b, ¢, d, e and f respectively, then which of thedalmvage
will not be computed?

a) b) 0) d)

Solution:- a)

For the given five values 15, 24, 18, 33, 42, the three years moving averages are
a) 19, 25,33 b)19,25,31 c)19, 30,31 d) 19, 22, 33

Solution:- b) 19, 25, 31

The graph of time series is called:

a) Ogive b) Histogram c) Straight line  d) Historigram

Solution:- b) Histogram

In the measurement of the secular trend, the moving averages:

a) Given the trend in a straight line b) Measure the seasonal Variations

c) Smooth out the time series d) Measure the time Variations

Solution:- (c) Smooth out the timseries

ExplanationMoving averagess a seriesof arithmeticmeanof variatevaluesof a sequencerhisis
anothemway of drawing a smooth curve for a time series data.

The straighfline trend is represented by the equation:

a)y =a- bx =nab)d W)y =a+bx dyy=na+® o

Solution:-c) y =a + bx

Moving average method is used for measurement of trend when:

a) Trend is curvilinear b) Trend is linearc) Trendisnonc ur vi | i near- | id)e:
Solution:- b) Trend is linear

Whentrendis linear,thenonly weusemovingaveraganethodfor measurement.
Prosperity, Recession, and depression in a business is an example of:
a) Cyclical Trend b) Irregular Trend c) Seasonal Trend d) Secular Trend

Solution:- a) Cyclical Trend

Thereare4 phaseshroughwhichtradecyclesarepassedTheyareprosperity recession,
depressionand recovery. In economic terms, these 4 stages are called economic fluctuat

The most commonly use mathematical method for measuring the trend is:
a) Semi average method b) Time series method

c) Method of least squares d) Moving average method

Solution:- c) Method of least squares

The most commonly used mathematical method form ensuring the trends
(a) Semi Average k)Moving Average(c)Free Hand Curve (d)Least Squares
Solution:- (d)Least Squares

In the measurement of the secular trend ,the moving averages
(&) Smooth out the time series (b)Give the trend in a straight line
(b) Measure the seasonal variations (d)None of these

Solution:- (a) Smooth out the time series
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ASSERTION AND REASON QUESTIONS
In the following questions, a statement of Assertion (A) is followed by a statement of Reas
Pick the correct option:
e) Both Assertion (A) and Reason(R) are true and Reason(R) is the correct explanatit
Assertion (A).
f) Both Assertion (A) and Reason(R) are true but Reason(R) is NOT the correct exple
of Assertion (A).
g) Assertion (A) is true but Reason(R) is false.
h) Assertion (A) is false but Reason(R) is true.

1 Assertion (A): The rise and fall of share market is an example of cyclic trend.
Reason (R):The price of stock in share market repeat after definite time interval.
Solution:- ¢) A is true but R is false.

2  Assertion (A): The sales of sweets, gift items, gold and silver etc. exhibit seasonal trend.
Reason (R):Sweets, gift items, gold and silver etc. are in great demand during Diwali.
Solution:- a) Both A and R are true and R is the correct explanation of A.

3  Assertion (A): For the given seven values 13, 9, 15, 19, 21, 25,35, 4year s centr €
averages are 15, 18, 22.5.

Reason (R):The additive model of the time series analysisisO =T+ C + S + |
where O = Original data, T = Trend component, C = Cyclic component, S = Seasonal compo
and | = Irregular component.

Solution:- (b) BothA and R are true but R is not the correct explanatigkx of

—_—— s
Year Values 4-yearsmoving ) 4-years moving 4-ears centred
total i average moving average
I B—_|
n 9 s 14
—=>56
e ;> 15
15 64 16 —— |
E—
v 19 L . <> 555
v 21 7‘.00 25—
VI 25 /
vl 35 |

Explanation:C Assertionis true
Reason is true butssertion is not the correct explanatiorAsEertion.

4 Year 2010|2011(2012(2013(2014|2015|2016
Sales 6 |8 |9 |11 |13 |17 |20
(in¥crores)

Assertion (A): If for the following data.
the equation of the straight line trend is y = 12 + 2.29x, then the trend value for the year 2017
21.16

Reason (R):If(t ,y ),(t sy ),....(t Y ) denote the time series and ¥re the trend values
thevariables y, theB (y - = 0.

Solution:- (b) BothA and R are true but R is not the correct explanatigh of
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Explanation: Giventhe equationof straightline trendis

y =12+ 2.29x. For the year 2017, x =201Z013 =4
So,trendvaluefor the
year2017 =12 +

2.29 x4
=12 +9.16 21.16
5  Assertion (A): If for the following data:

Year 2001|2002{2003|2004 |2005|2006 2007 (2008

Production
(in tonnes)

the equation of the straight limeend is y = 6.25 0.167x, then the tr
3.475.
Reason (R):The sum of squares of the deviations of the values of y from their corresponding
values is least i.B (y - ) is least.
Solution:- d) A is false but R is true.

6  Assertion (A): For the given six values 17, 22, 21, 35, 40, 51, the three years moving average
20, 26, 32, 42.
Reason (R):Ifx ,x ,Xx ,..,x isthe given annual time series, then 3y e mavihgyaverages

are h 3

7 6 5 4 7 8 5

Solution:- (a) BothA and R are true and R is the correct explanatigh of
7  Assertion (A): The rise and fall of share market is an example of cyclic trend.
Reason (R):The price of stock in share market repeat after definite time interval.

Solution:- (C) AistruebutR is false.
8  Assertion (A): For the given six values 17, 22, 21, 35, 40, 51, the three years moving average
20, 26, 32, 42.
Reason (R):Ifx ,x ,Xx .., x isthe given annual time series,then3y ear | y mov
are h g4

Solution: - (A) Both Assertion (A) and Reason(R) are true and Reason(R) is the correct expla
of Assertion (A).

9  Assertion (A): If for the following data:

Year 2010(2011|2012|2013|2014|2015|2016

Sales
(in¥ crores)

6 8 9 11 13 |17 |20

the equation of the straight limeend is y = 12 + 2.29x, then the trend value for the year 2017 is
21.16

Reason (R):If(t ,y ),(t zy ).,...(t Y ) denote the time series and “dére the trend values c
thevariables y, theB (y - = 0.

Solution: - (b) BothA and R are true but R is not the correct explanatigh of
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Explanation: Giventhe equationof straightline trendis

y =12+ 2.29x. For the year 2017, x =201Z013 =4
So,trendvaluefor the
year2017 =12 +

2.29 x4

=12 +9.16 21.16
Assertion (A): For the given six values 17, 22, 21, 35, 40, 51, the three years moving average
20, 26, 32, 42.
Reason (R):Ifx ,x ,Xx ,..,x isthe given annual time series,then3y ear | y mov

are h 3

Solution: - (a) BothA and R are true and R is the correct explanatigh of

VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS)

Define time series.
Solution: - A Time Seriesconsistf dataarrangedhronologically- CroxtonCowden.

Whenguantitativedataarearrangedn the orderof their occurrencetheresultingseriess
calledthe Time Series. Wessel Wallet.

Mention the components of the time series.

Solution: - There are four types of components in a tseges.
SecularTrend

SeasonavVariations

Cyclic variations

Irregularvariations
What are the applications of time series analysis in real field?

Solution:- Time seriesanalysiss usedfor manyapplicationssuchas:EconomicForecastingsales
forecasting, Budgetary Analysis etc.

What is business forecasting?
Solution: - Businesdorecastingefersto thetool andtechniquesusedto predictdevelopments

in businesssuchas salesexpendituresnd profits. The purposeof businesdorecastingis to
developbetterstrategiedpased on these informed predictions.

Define secular trend and seasonal variations.
Solution: - SecularTrend: It is a general tendency, of time series to increase or decrease

stagnate during a long periofitime.An upwardtendencyis usuallyobservedn the
populationof a country,production sales, prices in industries, the income of individuals, etc
A downward tendency is observed in deaths, epidemics, prices of electronic gadgets, wa
sources, mortality rate etc.

SeasonaVariations: Seasonal variations refer to the changes that take place due to the
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6

7

rhythmic forces which operate in a regular and periodic manner. These forces usually ha
the same or most similar pattern year after year. When we record data weekly, monthly ¢
guarterly, we can see and calculate seasonal varialibas, when a time series consists of
data only based on annual figures, there will be seseasonaVariations.Thesevariations
may be dueto seasonsyeatherconditions habits,customs or traditions. For example, selling
of umbrellas and raincoats in the rainy season, sales of cold drinkssimtineerseason,
crackerdn the Deepawalseasonpurchasef dressesn afestivalseasonsugarcane in

Pongal season.

What causes secular trend?

Solution: - The effect of long term causes is reflected in the tendency of a behaviour, to mo
in an upward or downward direction, termedlasnd or Seculafrend.The secular trends

could reflect environmental improvemengpgcificallychangesn healthpracticeandliving
conditionsleadingto improvementsn mortality rates and life expectancy. These factors are
interrelated with those concerning family size.

The following table shows the annual rainfall (in mm) recorded for Cherrapunji, Meghalaya:

Year |[Rainfall (in mm)

2001 1.2

2002(1.9

20032

2004(1.4

20052.1

2006(1.3

2007(1.8

2008|1.1

2009(1.3

Determine the trend of rainfall by-3/ear moving average.

Solution: -

Year |Rainfall (in mm) |Three Yearly Moving total Three yearly Moving Average
2001 (1.2

2002 |1.9 5.1 1.7
2003 |2 5.3 1.76
2004 (1,4 55 1.83
2005 (2.1 4.8 1.6
2006 |1.3 5.2 1.73
2007 (1.8 4.2 1.4
2008 |1.1 4.2 1.4
2009 (1.3

The points are joined by a line segment to obtain the graph to understamadhe
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8  What is the need for studying time series?
Solution:- We shouldstudytime seriesfor thefollowing reasons:
I. It helps in the analysis of pasthaviour.
ii. It helps in forecasting and for futuptans.
iii. It helps in the evaluation of curresmthievements.
iv. It helps in making comparative studies between one time periootiaaic.
Thereforeime serieshelpsusto studyandanalyzethetime-relateddatawhich involvesin
business fields, economics, industries, etc.

9 Calculate five yearly moving averages of the number of students who have studied in a scho
Year  [1993[1994[1995[1996(1997]1998[1999|2000|20

No.of 1,45 (427 |467 |502 |512 |515 |520 |527 |51

students

below:
Year Number of students 5-year moving total ‘Sry::re:;eving
1993 442 —_ —
1994 427 —_ 1 —
1995 467 2350 5 » 470
1996 502 24?;3 » 484.6
1997 512 2516 » 503.2
1998 515 2576 » 515.2
1999 520 2589 » 517.8
2000 527 > 2618 » 523.6
2001 515
2002 541

Solution:-

Calculation of Byearmovingaverages:
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10 Daily absence from a school during 3 weeks is recorded as follows:

Monday|Tuesday | Wednesday | Thursday|Friday
}Meek 23 28 21 33 40
Week |3 52 43 58 63
‘;‘reEk 52 54 61 51 51

Draw a graph, illustrating these figures. Calculate 5 day moving averages and plot them on tt

graph.
Solution:-
Calculation of S-day moving averages: = e 7
Numbesr of S-days moving S-days moving

Duy absentee total averege

i VVe;.-k 1 Mond.& 23 — . J—

Tuenday 28 — 1 —

Wednesday 21 S 145 —5_—— 29

Thursday 33 160 - A2
Friday 40 184 36.8
Week 2 Monday a8 206 41.2
Tuesday s2 231 46.2
Wednesday 43 254 - 508
Thursday 55 268 e —— 536

Friday o3 270 - 54
Weook 3 Monday 52 288 57.6
Tuesday 54 28— — - 562

2
Wednesday 61 269 53.8
Thursday 51
Friday s1

We get the following graph from the above data:

e Acteal data | |

-y ,_.L....? -
: ‘ b~ Trend by Sdays
-t - — St moving average

11 State the uses of time series.
Solution: - A time-series carries profound importance in business and policy planning. It is

used to compare the current trends with that in the past or the expected trends. Thus it give
clear picture of growth or downfall. Most of the time series data relatedds fike
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Economics, Business, Commerce etc. For example the production of a product, cost of a
product, sales of a product, national income, salary of an indivétici&y closeobservatiorof
time seriesdata,onecanpredictandplanfor futureoperationsn industries and other fields.

12 State the two normal equations used in fitting a straight line.
Solution:- The normal equations used in fitting a straight &re

Z Y=na+b E >and
EX¥aFXbEX

where,n = numberof yearsgivenin thedata,
X =time Y=actualvalue a, b = constants
13 Assuming a four yearly cycle, calculate the trend by the method of moving averages from the

Year |[1984|1985|1986|1987|1988(1989(1990(1991|1992
Value|12 |25 |39 |54 |70 |87 |105 |100 |82

following data:

Solution:-
Calculation of 4-year centred moving average:

o Value 4-yearly moving | 4-yearly moving | 4-yearly centre
total average moving average

1984
1985
986 | WEofremtemeeee F->> %975

1987 I .......... > 5475

14 The Production of cement by a firm in year 1 to 9 is given below:

Year 1|12(3|4(5/6|7|8|9
Production in (Tonnes) (4|5|5|6|7|8|9(8|10

Calculate the trend values for the above series bytheysear | y movi ng avel
Solution:-
1.To calculatethetrendvalues we makethefollowing table

Year| Production (in Tonnes) Three yearly moving totals| Three yearly moving averages
1 4 - -
2 5 14 4.67
3 5 16 5.33
4 6 18 6
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5 7 21 I
6 8 24 8
7 9 25 8.33
8 8 27 9
9 10 - -
15 Calculate the 3 y e mavihgyaverages of the following data:
Year |1|2(3|4|5|6 |7
Value|2|4(5|7(8|10(13
Solution:-
Calculation of 3-year moving averages:
" Year Value 3-yearmoving total 3.year r;'b;ihg-aversgé{
1 2 1
2 4 1 > 3.667
3 5 16— 533
4 7 0 —mm——» 6.667
5 8 B—m— > 3
6 10 > 10333
7 13
16 Usingthree yearly moving averages, compute the
following data:
Year: 2008|2009|2010(2011|2012|2013 (2014|2015
Production
(Thousand |21 22 23 |25 24 |22 25 26
tonnes):
Solution:-
Computation of trend values
Vear Production 3-yearly moving |3-yearly moving Short term
(Thousandtonnes) |totals averages Yo fluctuations (Y - Y¢)
2008 21 - - -
2009 22 66 22.00 0
2010 23 70 23.33 -0.33
2011 25 72 24.00 1.00
2012 24 71 23.67 0.33
2013 22 71 23.67 -1.67
2014 25 73 24.33 0.67
2015 26 78 26.00 0.00
2016 27 79 26.33 0.67
2017 26 - - -
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17 Calculate the 3 year moving averages for the loan (in lakhssued by ce operative banks for

farmers in different states of India based on the values given below.

Year 2006 |2007 (2008 |2009(2010(2011|2012 |2013
Loan
?i'::"““t 41.85(40.2 |38.12(26.5 |55.5 [23.6 |28.36|33.31
lakh %)
Solution-
Year |Loan Amount Three yearly moving totals Three yearly moving average
2006 [41.85 - -
2007 |40.2 120.17 %3”' = 4006
2008 |38.12 104.82 34.94
2009 |26.5 120.12 40.04
2010 |55.5 105.6 352
2011 |23.6 107.46 35.82
2012 |28.36 85.27 28.42
2013 |33.31 102.77 34.26
2014 411 - -

The graph shows the observation data in pink whereas. the black curve shows the smooth trend curve

obtained by calculating moving averages of 3 years.

18 Compute the trends by the method of moving averages, assuming that 4-year cycle is present in the

following series.

Year 1980 1981 1982 | 1983 1984 1985 1986 | 1987 | 1988 | 1989

Index
number | 400 470 450 410 432 475 461 500 480 430

Solution: The 4- year moving averages are shown in the last column as centered average

Yeur Endex dyear | d-year Mowing | Centered Centered mgving
Number | Mowing Average total awerage
total
1980 400 . .
1981 470 - -
— 1730 173074 = 4325. }
1982 450 J 8755 —p 875.5/2 = 437.75
1762 1772/4 = 443 )
1983 410 884.75 BE4.75/2 = 442.38
1767 1767/4 = 441.75
1984 432 886.25 44313
1778 1778/4 = 4445
1985 475 911.5 455.75
1868 1868/4 = 467
1986 461 946 473
1916 1916/4 = 479
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19 Calculate the 3-vear moving averages for the loans (In lakh %) issued by co-operative banks for
farmers in different states of India based on the values given below.

Year 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
Loan amount | | [
(In lakh %) 41.85 | 40.2 38.12 | 26.5 35.5 23.6 ZE.36 | 33.31 41.1
Solution:
Year Loan amount 3- year moving total 3- year moving average
2006 41.35} - -
2007 40.2 } — 120.17 = 12017/3 = 406
2008 38.12) 104.82 34.94
2009 26.5 120.12 40.4
2010 55.5 105.6 a5.2
2011 23.6 107 .46 35.82
202 28.36 85.27 254
2013 333 102.77 34.26
2014 41.1 - -

20 Inan influenza epidemic the number of cases diagnosed were:
Date 1 2 3 4 5 6 7 8 9 10 (11 |12 |13 |14
Numbers | 2 0 5 12 |20 |27 |46 |30 |31 18 [11 |5 0 |1
Calculate 3days moving averages.

SHORT ANSWER TYPE QUESTION (3 MARKS)

1 I. Obtain the three year moving averages for the following series of observations:

Year 1995|1996(1997|1998|1999|2000|2001 {2002

Annual
Sales (in (3.6 (4.3 |43 |3.4 |44 |54 (3.4 |24
000%)

il. Obtain the five year moving average.
iii. Constructalsothe4 year centred moving average
Solution:-

P

i_ First 3-year moving average is 3.6+43+43 = % =4.067, and is placed against 2nd vear i.e. 1996;

second 3-year moving average is 43+43+34 = lﬂ-ﬂ =4.0, and is placed against 3rd vear i.e. 1997, an:
50 on. Thus, we have:
Calculation of 3-year moving averages:

Year Annual sale 3-year moving total 3-year moving average
1995 3.6~ - 1/3 -

1996 43 =—7> 122 > 4.067

1997 13<" > 120 - 4.00

1998 34 c%a- 12.1 - 4.03

1999 14 < > 132 » 440

2000 5.4 .{é. 13.2 > 4.40

2001 34—~ mn2 - 3.73

2002 24 — = =
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ii. First 3-vearly moving average is 2.6+4.3+4.3+3.4+44 — ?—:U-U =400, and is placed against 3rd veari.e

]

1997. Second 3-yearly moving average js 43+4.3+34+4.4+54 fm'{;,ﬁ =436, and is placed against 4t}

5
kgg,[ 1.e. 1998 and so on. Thus, we have:
Calculation of 5-year moving averages:

Year Annual sale  5-year moving total 5-year moving average
1995 3.6~ - -

1996 43~ - 1/5 -

1997 43— 20.0 > 4.00

1998 347 21.8 4.36

1999 44~ 20.9 418

2000 5.4 19.0 3.80

2001 34 - -

2002 2.4 - -

iii. In the 4-vear moving averages, the first step of averaging of 4 values each results in placing these
between vears — so we take averages of each two successive moving averages to svnchronise the

with given time frame. Thus, we have the following table:
Construction of 4-year centred moving averages

Year Annual Sale 4-yearly d-yearly d-year centred
total moving total moving average moving average
1995 36
1996 ' ¢ Ty,
~.J _—==156 =39 —
1997 L D e S e T —— = 4.0
= 16.4 >41 T
1998 P S [ — = 42375
. = 175 > 4375
1999 44 = s —— -} ————— ] - ——= 4.2652
—w 16.6 =415 — |
2000 Y <y e Y R ——  — 4.025
A —==>156 »39 —
2001 34 =
2002 24—
Note that values of 4th column are not synchronised with first column, but values of 3th column ar
synchronised.

2  The average number, in lakhs, of working days lost in strikes during each year of the period (

1981|1982|1983|1984|1985|1986|1987|1988 (1989|1990
1.5 |1.8 (1.9 |22 |2.6 |3.7 |22 |64 |3.6 |54

90) was as unde -
Calculate the threeyearly moving average and draw the moving average graph.

Solution:-
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MOVING
TIME DATA M(FDC\D/LN?YTS/I;‘SL AVERAGE
TOTAL FOR 3
1981 1.5
1982 1.8 5.2 1.7
1983 1.9 59 2
1984 2.2 6.7 2.2
1985 2.6 8.5 2.8
1986 3.7 8.5 2.8
1987 2.2 12.3 4.1
1988 6.4 12.2 4.1
1989 3.6 15.4 51
1990 54
20
19
18
17
16
15
14
13
ﬁ —o— Seriesl
10
g —#—MOVING AVERAG
7 TOTAL FOR 3
6
5
4
3
2
1
0 T T T T ¥ T T 1
1980 1982 1984 1986 1988 1990 1992 1994 1996

3 Fit a straightline trend by the method of least square to the following data on sales (in lakhs) 1

Years 2011|2012|2013|2014|2015|2016 (2017|2018

Sales (%
lakhs)

76 |80 |130 |144 |138 |120 |174 |190

period 2011 2018.
Solution-
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Year (tj) |Sales( lakhs)(y;) Xj = tj - 2014- 15 Xi X2 |xjyj X2
2011 76 -3.5 -7 -532 49
2012 80 -2.5 -5 -400 25
2013 130 -1.5 -3 -390 9
2014 144 -0.5 -1 -144 1
2015 138 0.5 1 138 1
2016 120 15 3 360 9
2017 174 2.5 5 870 25
2018 190 3.5 7 1330 49
Z y=1052 Z x=0 Zxyi=1232 |EX=168

Fy. _ 1052 _
a==4 =8 =1315

h — X !
Ix§

— 1232 _ 7133
168

S0, trend equation is
v=1315+733x

of two weeks

Week 1|52 (48|64 (68|52

70

72

Week 2|55 (47|61 |65|58

75

81

The table given below shows the daily attendance in thousands at a certain exhibition over a

Calculate seven days moving averages and illustrate these and original information on the se

graph using the same scales.
Solution:-

Calculation of seven days moviagerages

Days Attendance(in 7 daysmoving 7 daysmovi
thousands) totals averages

Weekl Monday 52 - -

Tuesday 48 - -

Wednesday 64 - -

Thursday 68 426 60.86

Friday 52 429 61.28

Saturday 70 428 61.14

Sunday 72 425 60.17
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Week2 Monday 55 422 60.28
Tuesday a7 428 61.14
Wednesday 61 433 61.86
Thursday 65 442 63.14
Friday 58 - -
Saturday 75 - -
Sunday 81 - -

Severdaysmovingaveragesndoriginal dataareplottedon thegraphpaperin Fig. These
pointsare joined by line segments to obtain the graphs to illustrate the trend.

90

—— Actual values
7 days moving
averages

40
30
20
10
w

Th F Sat  Sun M T

Week 1

M T w

Th

Week2 —

F Sat Sun

Jan |Feb|March [April| May|June August

July

Sept.

Oct.|No

1.2(0.8 |14 16 |1.8 |2.4 |2.6 |3.0 3.6

2.8 |1.¢

follows:

The production of soft drink company in thousands of litres during each month of a year is as

Calculate the five monthly moving averages and show these moving averages on a graph.

Solution:-
Calculation of five monthly movingverages:

Production of soft 5 monthly moving
Month o 5 monthly totals
drink (in thousands averages
litres)
January 1.2 - -
February 0.8 - -
March 14 6.8 1.36
April 1.6 8.0 1.6
May 1.8 9.8 1.96
June 2.4 11.4 2.28
July 2.6 13.4 2.68
August 3.0 14.4 2.88
September 3.6 13.9 2.78
October 2.8 14.7 2.94
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November

1.9

December

3.4

These moving averages are plotted on the followgnagh:

3 -

Production of soft drink in thousands litres — =

lan ®

6

ih #

March *

Ayl
Mav
Jun w
luiy +

Aug
Sty
ht w

kiomth -———m-—

2001

2002

2003

2004|2005|2006 (2007|2008

2009|2010

1.5

1.8

1.9

2.2 (2.6 |3.7 |22 |64

36 |54

201 ¢(C

Nov v
D 2

The average number, in lakhs, of working days lost in strikes during each year of the perioed -

Calculate the threeyearly moving averages and draw the moving averages graph.

Solution:

In orderto calculatethreeyearlymovingaveragesywe first computethreeyearlymoving
totalsandplace each total against the middle year of the theae span from which the
moving totals are calculated. Thesevingtotalsaregivenin thethird columnof the
following table.Fromthesethreeyearlymoving totals, we calculate thrgearly moving
averages by dividing each moving total by 3 as shown in the following table.

v Working dayslostin |Threeyearly moving | Threeyearly moving
ear strikes (in lakhs) totals averages
2001 15 - -
2002 1.8 5.2 1.73
2003 1.9 5.9 1.96
2004 2.2 6.7 2.23
2005 2.6 8.5 2.83
2006 3.7 8.5 2.83
2007 2.2 12.3 4.1
2008 6.4 12.2 4.06
2009 3.6 154 5.13
2010 54 - -
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The graph of these moving averages is shown in Fig.

8¢ Actual value

e Three yearly
moving averages

~a
-

o
-

<
-

-
-

~

Three yoarly moving averages —e
i
-

. . L . L . . - - L
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Yeurs e

7 Fit a straight lindrend by the method of least squares to the data given below:

Years 2012|2013|2014|2015(2016|2017|2018
Sales (in tones) |9 11 13 12 14 15 17

Solution:-

Year(Xi)| Index(Yi)| X =XiA X2 XY Y =a+bX
2012 9 -3 9 -27 9.4
2013 11 -2 4 -22 10.6
2014 13 -1 1 -13 11.8
2015 12 0 0 0 13
2016 14 1 1 14 14.2
2017 15 2 4 30 15.4
2018 17 3 9 51 16.6

Y = IX = 28 33
9 0
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8 Fit a straight line trend by the method of least squares to the following data:

Year

Sales (in lakh %)

2010

65

2012

68

2013

70

2014

72

2015

75

2016

67

2019

73

Solution-

Fitting of a straightine trend by the method of least squares to the followiaja:

Year | Sales (Y) (inlakh X=X- X2 Y Yy = a+bX
(x) ) 2014
70 + 4.7454{4) = 70- 18.985
2010 65 -4 16 -260
51.02
70 + 4.74542) = 70- 9.49=
2012 68 -2 4 -136
60.51
70+ 4.745{1) = 70- 4.7455
2013 70 -1 1 -70
65.255
2014 72 0 0 0 70+4.745(0)=70+0%0
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70+ 4.745 (1) =70 + 4.74]
2015 75 1 1 75
74.745
70+ 4.475 (2) =70 + 9.49
2016 67 2 4 268
79.49
70+ 4.475 (5) =70 + 23.7
2019 73 5 25 365 —93.725
n=7 xY =490 x X =1 |x X2=51{x XY =242
From the following data calculate the 4 y e maovihgyaverages and determine the trend values
Years [2012(2013|2014 (2015|2016 |2017(2018|2019|2020
Value [50.0 |36.5 [43.0 |44.5 [38.9 |38.9 32.6 |41.7 |41.1
Solution-
i 4-vearly 4-yearly 4-vearly
Year |Value T Moving T
centered ) centered
Moving Average Moving
Total (Trend Average
values)
2012|500
2013 (365
1740 3.3
2014 [43.0 212
1620 30,73
2015|445 4103
1653 3133
2016 [389 40.03
1540 3873
2017 |[389 3838
1521 3803
2018 (326 38.31
1543 3838
2019|417 3704
1492 373
2020|411
2021 (338
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10 Calculate trend values from the following data assumingy ear I-yyaadl|l ¥y mov

11

Year |1 |2 |3 |4 |5 |6 |7 |8
Value |110|104|98 |105|{109|120(115(110
Year 9 |10 |11 |12 (13 |14 (15 |16
Value |114|122|130(|127|122|118|130|140
Solution-
Year Value Moving Totals Moving Average
S year T year S year T year
1 110 - - - -
2 104 - - - -
3 o8 526 - 105.2 -
4 103 336 T61 1072 108.71
5 109 347 761 109.4 108.71
6 120 539 771 111.8 110.14
7 113 568 795 113.6 11357
2 110 581 820 116.2 117.14
o 114 301 238 1182 119.71
10 122 603 240 1206 120.00
11 130 613 243 1230 120.43
12 127 619 863 1238 12319
13 122 627 289 1254 127.00
15 130 - - - -
16 140 - - - -
Year: 2003|2004 |2005|2006|2007|2008|2009(|2010
Production: {137 (140 |134 |137 |151 |121 |124 (159

Consider the following dat

Calculate a suitable moving average and show on a graph against the original data.

Solution-
Year Production 3-yearly movingotals 3-yearlymoving
averages
2003 137 - -
2004 140 411 137.00
2005 134 411 137.00
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2006 137 422 140.67
2007 151 409 136.33
2008 121 396 132.00
2009 124 404 134.67
2010 159 440 146.67
2011 157 485 161.67
2012 169 498 166.00
2013 172 491 163.67
2014 150 - -

These moving averages andthe original data are plotted on the graph paperto obtain

the following graph.

m— Artidl data
U Bvearlv mwiing
180 aveTagEs

- L - - L - [ - - - -
0 005 a0 2007 2008 L W W 2012 M3 2004

Yiar —a=

12 Fit a straight lindrend by the method of least squares and find the trend value for the year 20l
the following data:

Year |Production (in lakh tonnes)
2001|30
200235
2003 |36
200432
200537
2006 |40
2007 |36

Solution-
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| Takingmiddle-yearvalue at Aie A= 2004

Year(X;) |Production(Y) X=xj-A=x-2004 x* XY

2001 30 -3 9 80

2002 33 -2 4 -0

2003 36 -1 1 36

2004 32 0 0 0

2003 37 1 1 37

2006 40 2 4 g0

2007 36 3 9 108

n=7 Dy =246 >x=0 Dx2 =28  |Dxy =29

Now, the trend value forthe year 20081s given by
Y=3514+1036(2008 -2004)=30284
Hence the trend value forthe yearis 39 284 lakh tonmnes.

LONG ANSWER TYPE QUESTIONS

1 Given below are the consumer price index numbers (CPI) of the industrial workers.

Year 2014|2015|2016(2017(2018|2019|2020
Index number|145 [140 [150 (190 [200 |220 (230

Find the best fitted trend line by the method of least squares and tabulate the trend values.

Solution-
YEAR | INDEX . Y= a+
(xi) (i) X=xi-A | X SQU XY b X
2017 80 -2 4 -160 83.6
2018 90 -1 1 -90 85.7
2019 92 0 0 0 87.8
2020 83 1 1 83 89.9
2021 94 2 4 188 92
XY = 439 EX = o 10 21
Y=a+bX
IY=na+bIX B ey (11
IXY=aZX+bEI X e (i)
b=—% == ZX2Y a= ¥ =B X
=y e "

A=87.8and b=2.1
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2017 are as follows:

‘é’gelu;: Jan|Feb [March |April |May|June |July |Aug [Sept|Oct
18 [16 (23 |27 [28 [19 [31 [29 [35 [27 |:
e 2428 20 (30 |20 |22
Calculatesix mont hly moving averages
graph, using the same axes for both.
Solution:
MOVING
onrs | MONTHLY | MOWGTOTH  pverace
TOTAL FOR 6
Janl7 | 18
Febl17 16
Mar-17 - 23 \% 131 21.8
Apr-17 %ﬁ 27 %\ 144 24
May-17 ~ £ 28 % 157 26.2
Junl7 = 19 % 169 28.2
1
Jukl? < 31 @; 169 28.2
Augl? |7 29 % 165 27.5
Oct17 A 35 @ 174 29
Now17 ~ 27 % 172 28.7
v
Decl7 ><>§ 24 %% 173 28.8
Janl8 T 28 7% 167 27.8
Feb18 29 A 162 27
Mar-18 30
Apr-18 29
May-18 22

and

Coded monthly sales figures of a particular brand of T.V. for 18 months commencing January

di spl a
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40
38
36
34
32
30
28
26
24
22
20
18
16
14
12

-
Z ON B~ O O

A
/\
re/ \ .
N N e \g A e
/ / \\//
\/ +—Seriesl
\/
A L
‘\1 I ~—MOVING AVERAGE TOT
I FOR 6
|
|
|
|
|
|
. Y Y Y Y \
ov-16 Mar-17 Jun-17 Sep-17 Dec-17 Apr-18 Jul-18

3. Calculate four

particular city from the following data:

Year

Number of Students

2011

124

2012

120

2013

135

2014

140

2015

145

2016

158

2017

162

2018

170

2019

175

y e mavihgyaverages of number of students studying in a higher secondary schoc
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SOLUTION:=-

MOVING MOVING
TIME DATA TOTAL FOHR AVERAGE
4 YEARS TOTAL FOR 4
2011 124
2012 |, 120 \\\%ﬂ 519 129.8
4
2013 # g 135 53U 540 135
2014 A 140 % 578 1445
2015 g 145 % 605 151.3
2016 A 158 K 635 158.8
2017 Ay 162 P 665 166.3
2018 Fg 170 )
2019 175
200
150
Seriesl
100
~—-MOVING
VERAGE TOTA
50 OR 4
0 T T T . 1
2010 2012 2014 2016 2018 2020

4 Construct 5 y &aving averages from the following data of the number of industrial failure i

Year |No. of Failures|Year |No. of Failure
2003|123 201119

200426 201213

2005|28 201311

2006 |32 201414

2007|120 201512

200812 2016|9

200912 201713

2010(10 2018]1

country during 2003 2 0 -

C__________________________________________________________________________________________________
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Year |No.of failures S-Yearly Moving Totals 5-Yearly Moving Averages
2003 (23 -
2004 (26 -
2005 (28 129 258
2006 (32 118 236
2007 |20 104 208
2008 (12 26 172
2009 (12 63 126
2010 (10 36 112
2011 (9 55 11.0
2012 (13 57 114
2013 (11 39 11.8
2014 (14 39 11.8
2015 (12 49 0.2
2016 (9 30 7.8
2017 (3 -
2018 |1 -

CASE BASED QUESTIONS

1 Read the following text carefully and answer the questions that follow:

When observed over a long period of time, a time series data can predict trend that can forec
increase or decrease or stagnation of a variable under consideration. Such analytical studies
benefit a business for forecasting or prediction of fututienased sales or production.

Mathematically, for finding a line of besfit to represent a trend, many methods are available.
Methods like moving averages and leassquares are some of the techniques to predict such
trends.

Mrs Shamita runs a bread factory and the record of her sales of bakery items for the period o
2019 is as foll ows:

Year 2015|2016|2017 (2018|2019
Sales (in ¥ thousands)|35 |42 |46 |41 |48

Based on the above information, answer the following questions. Show steps to support your

answers.
V. By taking year 2017 as origin, use method of leasguares to find thebest f i t tr
equation for Mrs Shamitads business. S

V. Demonstrate the technique to fit the bestiited straightine trend by the method of-3/ear
moving averages. Also, draw the trend line. (1)

VI. What are the estimated sales for Mrs S
OR
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Mrs Shamita wishes to grow her business to yearly sal6®f00. In which year will she be
able to reach her target? (2)

Solutions: I.:-
YEA | INDEX | X=xi - X N Y= a+
R (xi) (yi) A SQU b X
2015 35 -2 4 -70 37.4
2016 42 -1 1 -42 39.9
2017 46 0 0 0 42.4
2018 41 1 1 41 44.9
2019 48 2 4 96 47.4
y=ax+h, a=424, b =25
Il
MOVING MOVING
TIME DATA TOTAL FOR 3| AVERAGE
YEARS TOTAL FOR 3
2015 35
2016 42 123 41
2017 46 129 43
2018 41 135 45
2019 48

Chart Title

60

50
40 /‘/‘\/‘
30
20

10

0
2014 2015 2016 2017 2018 2019 2020

. Y=a+bx,atX=2022,x=5then
Y (x=2022) = 54.9
OR
Y =a+b (X2017), atY = 67.4
X = ((Y +a)/b) + A = 2027

2 Read the following text carefully and answer the questions that follow:
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To fit a straight line by the method of least squares, Rohit constructed the following table:

Year (t) |Profit (y) (x =t ¢ - 2018|x 2| xy
2015 114 -3 9 [-342
2016 130 -2 4 |-260
2017 126 -1 1 ]-126
2018 144 0 0| 0
2019 138 1 11138
2020 156 2 4 1312
2021 164 3 9 (492

The trend equation can be considered as & + bx.
VIIL. What is the value of a in the trend equation? (1)
"II. What is the value of b in the trend equation? (1)
IX. Which of the following is atrend equation? (2)
y =138.86 + 7.64x,y=7.64 + 138.86X, y = 138.86- 7.64x

OR
What is the trend value for year 20157 (2)
LXXY  vxyy
b (gx)z __ XY - b¥X
Solution: . no X a=138.86
l.b=7.6

.y =138.86+7.64x OR Yy (x=2015)=116.1

3 Read the following text carefully and answer the questions that follow:
The following data shows the percentage of rural, urban, and suburban Indians who have ashjgte e d
internet connection at home.

Year |Rural |Urban |Suburban

2001| 3 9 9

2002| 6 18 17

2003| 6 21 23

2004| 16 | 29 29

2005| 24 | 38 40

X. What is the straigHine trend by the method of least square for the suburban Indians? (1)

XI. What is the forecast for the year 2006 for the urban groups using the trend equation? (1)
XIl. What is the forecast for the year 2006 for the rural groups using the trend equation? (2)

OR
What is the straigHine trend by the method of least square for the rural Indians? (2)
Solution: 1. ' Y=23.6 + 7.4(X 2003)
II. Y =23+6.9 (%2003)
at X =2006 ,Y =43.7
Ny=11+5.2 (%2003)
at X =2006 ,Y =26.6
OR Y=11+5.2 (32003

________________________________________________________________________________________________|
KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 161




1

HIGHER ORDER THINKING SKILLS

Compute the trends by the method of moving averages, assumingthat4¢ ar cycl e

Year 1980|1981 (1982(1983 (1984 |1985|1968|1987 |19
;‘::}::lfer 400 (470 |450 |410 |432 |475 |461 |500 |48
following series
Solution:-
MOVING
MOVING A“C/OE\F/{TSE CENTRED
TIME DATA TOTALFOR | - = " C0L | AVERAGE
4 YEARS p TOTAL FOR
4
~
1980 400 N~
A70 Z 179N 199 C \L
1981 A Y4 k LT IV SI94.J >‘/
1982 450 “ 1762 440.5 N 436.5
o >N
1983 410 \’; ~ 1767 441.8 >:*,441.2
1984 432 J » 1718 4445 | %4432
'/>\ ~
1985 475 J[ ) 1868 467 | 345538
1986 461 \/\ 1921 4803 | * 4737
,%
1987 500 S ><
1988 485 7
4 540 - h
—o— DATA
490 | /\
440 - MOVING
CENTRED
p AVERAGE
390 T T T T T T T T TOTAL FOR 4
19801981198219831984198519861987198819891 990
\_ J

Read the following text carefully and answer the questions that follow:

Today in class Mr. Sharma is teaching the Method of Least Squares to measure the trend in
series. After explaining the method, he had taken an example

Example: Given below are the data relating to the sales of a product in a district.
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Fit a straightline trend by the method of least squares and tabulate the trend values.

Year |2015|2016(2017|2018|2019 (2020|2021 (2022
Sales| 6.7 | 53 |43 | 6.1 |56 |79 |58 |6.1

To solve the given example, he constructed the following table:
Computation of trend values by the method of least squares.

Year (t)|Sales (y) |, _ “'_%,(_]__3}8'5} XY [x2
2015 6.7 -7 -46.9 |49
2016 5.3 -5 -26.5|25
2017 4.3 -3 -12.9| 9
2018 6.1 -1 6.1 |1
2019 5.6 1 56 |1
2020 7.9 3 23719
2021 5.8 5 20.0 |25
2022 6.11 7 42.7 149

Here, n = 8 (even)
So, origin is mean of two middle years i-e-—— = 2018.5

. If the straight line is y= a + bx, then what is the valueas (1)
V. If the straight line is y= a + bx, then what is the valuelf? (1)
XV. Which of the following trend equation? (2)

y =5.975+0.051x, y=0.051 + 5.975x, y = 5.975- 0.051x (2)

%—ZXZY a = Z¥ —b3X
(ZTX)Z—EXZ

Solution = . so the value of a = 5.975
Il. b =0.051

Iy =5.975+ 0.051x

EXERCISE FOR TIME BASED DATA

MULTIPLE CHOICE QUESTIONS
1 An orderly set of data arranged in accordance with their time of occurrence is called:
a) Time Series
b) Arithmetic Series
¢) Harmonic Series
d) Geometric Series
2 Increase in the number of patients in the hospital due to heat stroke is:
a) Secular trend
b) Cyclical variations
c) Seasonal variation
d) Irregular variation
3 A factory production is delayed for three weeks due to breakdown of a machine and unavalil
of spare parts. Under which trend oscillation does this situation fall?
a) Seasonal
b) Secular
c) Irregular
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d) Cyclical
4 The best fitted trend line is one for which sum of squares of residuals or errors is:
a) Negative
b) Maximum
c) Positive
d) Minimum
5 Afire in a factory delaying production for some time is
a) Cyclical trend
b) Irregular trend
c) Seasonal trend
d) Long term trend
6 Seasonal variations are
a) Long term
b) Irregular
c) Short term
d) Sudden
7 The following are the movement(s) in the secular trend.
a) Steady
b) Regular
c) All of these
d) Smooth
8 Forthe given values 23, 32, 40, 47, 58, 33, 42; thedarly moving averages are:
a) 40, 42, 46
b) 38, 40, 42
C) 42, 44, 46
d) 40, 42, 44
9 Inthe measurement of the secular trend, the moving averages:
a) Given the trend in a straiglme b) Measure the seasonal Variations
c) Smooth out the time series d) Measure the time Variations
10 Which of the following is an example of time series problem?

V. Estimating numbers of hotel rooms booking in next 6 months.
V. Estimating the total sales in next 3 years of an insurance company.
Vi. Estimating the number of calls for the next one week.

a) (i) and (iii)

b) (i), (i) and (iii)

c) (i) and (ii)

d) Only (iii)

ASSERTION AND REASON QUESTIONS
In the following questions, a statement of Assertion (A) is followed by a statement of
Reason(R). Pick the correct option:
A) Both Assertion (A) and Reason(R) are true and Reason(R) is the correct explana
Assertion (A).
B) Both Assertion (A) and Reason(R) are true but Reason(R) is NOT the correct
explanation of Assertion (A).
C) Assertion (A) is true but Reason(R) is false.
D) Assertion (A) is false but Reason(R) is true.
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1 Assertion (A): For the given seven values 13, 9, 15, 19, 21, 25,35, dear s centr
averages are 15, 18, 22.5.
Reason (R):The additive model of the time series analysisisO =T+ C + S + |
where O = Original data, T = Trend component, C = Cyclic component, S = Seasonalcompc
and | = Irregular component.

2 Assertion (A): The rise and fall of share market is an example of cyclic trend.
Reason (R):The price of stock in share market repeat after definite time interval.

3 Assertion (A): The sales of sweets, gift items, gold and silver etc. exhibit seasonal trend.
Reason (R):Sweets, gift items, gold and silver etc. are in great demand during Diwali.

4  Assertion (A): If for the following data:

Year 2010[2011[2012[2013|2014[2015|2016
(Sii’ll;zmres] 6 [8 |9 |11 |13 |17 |20

the equation of the straight line trend is y = 12 + 2.29x, then the trend value for the year 201

21.16

Reason (R):If (t ,y ),(t ry ),...,(t Y ) denote the time series and ‘dre the trend values
of thevariables y, theB (y - y=0.

5 Assertion (A): If for the following data:

Year 2001 |2002|2003|2004 |(2005(2006|2007(2008
Production
(in tonnes) 7 6 5 4 7 8 5

the equation of the straight limeend is y = 6.25 0.167x, then the 1t

3.475.
Reason (R):The sum of squares of the deviations of the values of y from their correspondin
values is least i.B (y - ) Iis least.

6 Assertion (A): For the given six values 17, 22, 21, 35, 40, 51, the three years moving averag

20, 26, 32, 42.
Reason (R)iIfx ,x ,x ,.., X isthe given annual time series,then3y ear | y mo
averages are h 8

VERY SHORT ANSWER TYPE QUESTIONS
1 Calculatethe3 yearly moving averages of the fol

Year |1(2|3|4(5(6 |7
Value|2|4|5|7|8(10|13

2 Calculatethe3 year movi ng aver apissweddyoer otpleaanksdaw n
farmers in different states of India based on the values given below.
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Year 2006 |2007(2008 (2009|2010(2011|2012 |2013

Loan
amount
(in
lakh %)

41.85|40.2 |38.12|26.5 |55.5 |23.6 |28.36|33.31

3 Construct5 yearly moving averages from the fo

Year 2005(2006|2007|2008|2009|2010|2011 (2012
Production|105 (107 |109 |112 |114 |116 |118 |121

4 Construct 3 y e movihgyaverages from the following data:

Year: 2010|2011 (2012|2013|2014|2015|2016

Imported cotton
consumption in
India (in '000
bales):

129 |131 |106 |91 |95 (84 |93

5 From the following data compute-4early moving averages and determine the trend values. .
find the short term fluctuations.

Year |2006|2007|2008|2009(2010(2011|2012(2013|2014
Value:|50 |36.5 (43.0 |44.5 [38.9 (38.1 |32.6 [41.7 |41.1

6 Write down the models of Time Series Analysis.
SHORT ANSWER TYPE QUESTIONS
1 The table given below shows the daily attendance in thousands at a certain exhibition over
of two weeks:

Week 1|52|48|64|68 (52 (70|72
Week 2|55|47|61|65(58|75(81

Calculate seven days moving averages and illustrate these and original information on the
graph using the same scales.

2 The production of soft drink company in thousands of litres during each month of a year is ¢
follows:

Jan |Feb |March |April | May |June |July |August | Sept. |Oct. [ No
1.2]0.8 [1.4 1.6 |1.8 (24 |2.6 (3.0 3.6 |2.8 [1.¢

Calculate the five monthly moving averages and show these moving averages on a graph.
3 The average number, in lakhs, of working days lost in strikes during each year of the peried
2010 was

2001|2002|2003 (2004 |2005|2006 |2007 (2008 |2009 (2010
1.5 |1.8 |19 |2.2 |26 |3.7 |22 |64 |3.6 |54

Calculate thethree yearly moving averages and dr aw
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4  From the following time series obtain trent value by 3 yearly moving averages.

Year|Sales (in ¥ 000) |Year|Sales (in I 000)
20088 2014|16

2009|12 2015|17

2010(10 2016|14

201113 201717

2012|15

2013|12

5 The following figures relate to the profits of a commercial concern for 8 years.

Years |2016 |2017 (2018 |2019 (2020 (2021 |2022

Profit
€9)

15,420(15,470(15,520|21,020|26,500|31,950|35,60

Find the trend of profits by the method of thrgearly moving averages.
6 Fit a straight line trend by the method of least squares to the data given below:

Years 2012|2013|2014|2015|2016|2017|2018
Sales (in tones) |9 11 13 12 14 15 |17

LONG ANSWER TYPE QUESTIONS
1 Fit a straight lindgrend by the method of least squares and tabulate the trend values from the

Year|1996 (1997 (1998|1999 (2000|2001 (2002|2003 (2004
y 4 7 7 8 9 11 | 13 | 14 | 17

N
Tn

it a straight line trend by the method of least squares and tabulate the trend values from tr
Year 2000|2001|2002|2003|2004 (2005|2006

Production (in
tonnes) 40 45 46 42 47 50 46

3 Fit a straight line trend by the method of least squares and tabulate the trend values from tr

Year 2005|2006 |2007|2008|2009|2010
Production (in ¥ '000)|5 7 9 10 |12 |17

CASE BASED TYPE QUESTIONS
1 Read the following text carefully and answer the questions that follow:
When observed over a long period of time, a time series data can predict trend that can fore
increase or decrease or stagnation of a variable under consideration. Such analytical studie
benefit a business for forecasting or prediction of fututienased sales or production.
Mathematically, for finding alineofbest f it t o represent a tre
Methods like moving aver age-s sayjudarlessasatr e some of th

trends.
Mrs Shamita runs a bread factory and the record of her sales of bakery items for the period
- 2019 is as foll ows:

Year 2015(2016(2017|2018(2019

Sales (in ¥ thousands)|35 |42 (46 |41 |48

Based on the above information, answer the following questions. Show steps to support yol
answers.
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I. By taking year 2017 as origin, use method ofleass qu ar es t-o ffiitr
|l ine equation for Mrs Shamitads busi

ii. Demonstrate the technique to fitthebests ui t ed strai ght |
3- year moving averages. Also, draw

ii. What are the estimated sales for Mr:¢
OR
Mrs Shamita wishes to grow her business to yearly sal6®f00. In which year will she
be able to reach her target? (2)
2 Read the following text carefully and answer the questions that follow:

Today in class Mr. Sharma is teaching the Method of Least Squares to measure the trend i

series. After explaining the method, he had taken an example

Example: Given below are the data relating to the sales of a product in a district.

Fit a straight line trend by the method of least squares and tabulate the trend values.

Year |2015|2016(2017|2018|2019|2020{2021 (2022
Sales| 6.7 | 53 |43 | 6.1 |56 |79 |58 | 6.1

To solve the given example, he constructed the following table:
Computation of trend values by the method of least squares.

Year (t) |Sales (y) X = “_20(_];1}8'5} XY |x2
2015 6.7 -7 -46.9 49
2016 5.3 -5 -26.5|25
2017 4.3 -3 -12.9| 9
2018 6.1 -1 -6.11
2019 5.6 1 56 |1
2020 7.9 3 23.7]1 9
2021 5.8 5 29.0 |25
2022 6.11 7 42.7 (49

Here, n = 8 (even)
So, origin is mean of two middle years i:es—— = 2018.5

)] If the straight line is y= a + bx, then what is the valueaf (1)

i) If the straight line is y= a + bx, then what is the valuet? (1)
i) Which of the following trend equation? (2)
OR
y =5.975+0.051x,y=0.051 +5.975x,y=5975- 0. 051x ( 2)

ANSWER OF EXERCISE
MULTIPLE CHOICE QUESTIONS
(a) TimeSeries
(a) Seculartrend
(c) irregular
(d) Minimum
(b) Irregular trend
( C)Short term
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7. (c¢)All of these
(d) 40, 42, 44

. ¢) Smooth out the time series

10. b) (), (i) and (iii)

ASSERTION -REASON QUESTIONS

1 ()
2(c)
3 (a)
4 (b)
5 (d)
6 (a)
VERY SHORT ANSWER QUESTIONS
1
Calculation of 3-year moving averages:
. Year Value __3-year moving total 3-year rﬁbviha'averggé"
1 2 1
2 4 1 < > 3.667
3 5 6 — 5.333
4 7 0 —» 6.667
5 8 55— » 8.333
6 10 31— > 10333
7 13
2
Year Loan Amount Three yearly moving totals | Three yearly moving average
2006 |41.85 - -
2007 |40.2 120.17 04T = 40.06
2008 [38.12 104.82 34.94
2009 [26.5 120.12 40.04
2010 |55.5 105.6 35.2
2011 |23.6 107.46 35.82
2012 |28.36 85.27 28.42
2013 [33.31 102.77 34.26
2014 411 - _
3
Year Production Y 5-yearly totals 5-yearly moving averages
2005 105 - -
2006 107 - -

________________________________________________________________________________________________|
KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2(

169




2007 109 547 109.4
2008 112 558 111.6
2009 114 569 113.8
2010 116 581 116.2
2011 118
2012 121
4
Imported cotton consumption
Year in India 3-yearly moving totals 3-yearly moving averages
(in '000 bales)
2010 129
2011 131 366 122.00
2012 106 328 109.33
2013 91 292 97.33
2014 95 270 90.00
2015 84 272 90.66
2016 93
5
Year Value 4-yearly moving 4-yef51rly centered | Short tgrm
totals moving averages fluctuations Y - Y¢
2006 50.0 - -
2007 36.5 - -
Y 174.0 435
Y 42.1125 0.8875
2008 43.0
Y 162.9 40.725
Y 40.925 3,575
2009 44.5
Y 164.5 41.125
Y 39.825 -0.925
2010 38.9
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Y 154.1 38.525
Y 38.175 -0.075
2011 38.1
Y 151.3 37.825
Y 38.1 55
2012 32.6
Y 153.5 38.375
Tl 37.8375 3.8625
2013 41.7 Tl 149.2 37.3
2014 41.1
2015 33.8

6 Therearetwo modelsof time seriesanalysis

i. Additive model: This modelis basedon the assumptiorthatthe sumof four componentss

equalto theoriginal valuei.e.,0 =

T+C+S+]|

where,T= trend,C = cyclical, S = seasonall = irregular,O = original
i. Multiplicative model: In this modelfour componentdhiavea multiplicationrelationshipsoO =

TxCxSxl|
SHORT ANSWER TYPE QUESTIONS
1
Days Q]ttendance(in 7 days moving 7 daysmoving
ousands) totals averages

Weekl Monday 52 - -
Tuesday 48 - -
Wednesday 64 - -
Thursday 68 426 60.86
Friday 52 429 61.28
Saturday 70 428 61.14
Sunday 72 425 60.17

Week2 Monday 55 422 60.28
Tuesday a7 428 61.14
Wednesday 61 433 61.86
Thursday 65 442 63.14
Friday 58 - -
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3

Production of soft drink in thousands litres — =

Saturday 75 - -

Sunday 81 - -

Seven days moving averages and original data are plotted on the graph paper in Fig. These points

are joined by line segments to obtain the graphs to illustrate the trend.

. . . . . . . . . . . . . . .
M T w Th F Sat Sun M b w Th F Sat Sun

Week 1 Week2 e

Month Eroduction of S_Oﬁ drink 5 monthly totals 5 monthly moving averages
(in thousands litres)
January 1.2 - -
February 0.8 - -
March 14 6.8 1.36
April 1.6 8.0 1.6
May 1.8 9.8 1.96
June 2.4 114 2.28
July 2.6 134 2.68
August 3.0 14.4 2.88
September 3.6 13.9 2.78
October 2.8 14.7 2.94
November 1.9 - -
December 34 - -

Thesemoving averagesare plotted on the following graph:

3.
e -

Jan *
March *
Apuril
May

Jun
Lukv
Aug
Sept

4%

h

(b

Maonth w=m=
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Working days lost in strikes . Three yearly movin
Year . ng day ! ! Three yearly moving totals yearly moving
(in lakhs) averages
2001 1.5 - -
2002 1.8 5.2 1.73
2003 1.9 5.9 1.96
2004 2.2 6.7 2.23
2005 2.6 8.5 2.83
2006 3.7 8.5 2.83
2007 2.2 12.3 4.1
2008 6.4 12.2 4.06
2009 3.6 15.4 5.13
2010 5.4 - -
4
h I Three-yearly
ree-year
Year Sales(Thousand ) . yeary Moving Average
Moving Totals
(Trend value)
2008 8
2009 12 (8+12+10)=30 10.00
2010 10 (12+10+13)=35 11.67
2011 13 (10+ 13+ 15)=38 12.67
2012 15 (13+ 15+ 12)=40 13.33
2013 12 (15+ 12+ 16)=43 14.33
2014 16 (12+ 16+ 17)=45 15.00
2015 17 (16+ 17+ 14)=47 15.67
2016 14 (17+ 14+ 17)=48 16.00
2017 17
5
Years Profit () 3-yearly moving Total () 3-yearly moving average( )
2016 15,420 - -
2017 15,470 46,410 15,470
2018 15,520 52,010 17,336.667
2019 21,020 63,040 21,013.333
2020 26,500 79,470 26,490
2021 31,950 94,050 31,350
2022 35,600 94,050 31,350
2023 34,900 - -
6
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Years(t;) Sales(y;) Xj = tj - 2015 Xf XiVi
2012 9 -3 9 -27
2013 11 -2 4 -22
2014 13 -1 1 -13
2015 12 0 0 0
2016 14 1 1 14
2017 15 2 4 30
2018 17 3 9 51
n=7 X oy 91 |[|x xi = 0 x x2 = 28 x xiyi =33
' i
y =13x+1.179
LONG ANSWER TYPE QUESTIONS
1
year y X = t; - 2000 2 Xy Treid values
t yi = a + bx
1996 4 -4 16 -16 4.12
1997 7 -3 9 -21 5.59
1998 7 -2 4 -14 7.06
1999 8 -1 1 -8 8.53
2000 9 0 0 0 10
2001 11 1 1 11 11.47
2002 13 2 4 26 12.94
2003 14 3 9 42 14.41
2004 17 4 16 68 15.88
xy =90 xxX =0 xx2 = 60 xxy = 88
yi=10 + 1.47 x
2
year Production X =t; - 2003 X2 Xy Trend values
t (in tonnes) yi=a+ bx
2000 40 -3 9 -120 42.03
2001 45 -2 4 -90 43.07
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2002 46 -1 1 -46 44.11
2003 42 0 0 0 45.14
2004 47 1 1 a7 46.18
2005 50 2 4 100 47.21
2006 46 3 9 138 48.25
xy = 316 xx =0 xx2 = 28 x Xy = 29
yt=45.143 + 1.036 x
3
Yetar Profit (i '000)y X =t; - 2007.5 2 Xy T;?Zdavflgss
2005 5 -2.5 6.25 -12.5 4.58
2006 7 -15 2.25 -10.3 6.74
2007 9 -0.5 0.25 -4.5 8.91
2008 10 0.5 0.25 5 11.09
2009 12 15 2.25 18 13.26
2010 17 25 6.25 425 15.43
xy = 60 xx=0 xx2 =175 xxy = 38
yi=10+2.17X

CASE BASED QUESTION S
1 i) Y;=42.4+2.5x
iimake graph as pre exercise.
iii) The estimated salesfor year 2022=
Or

Saleswill be 67400inyear (2017+ 10)=year 2027.

54900

2. i)a=5.975

i) b=0.051
i) yt = 5.975 + 0.051x or
5.168
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CHAPTERT 7
FINANCIAL MATHEMATICS

Gist/Summary of the lesson:

1.Perpetuity and Sinking Fund

(a)Meaning of Perpetuity and Sinking Fund (b) Real life examples of sinking fund
(c) Advantages of Sinking Fund (d) Sinking Fund vs. Saving account
(2) Valuation of Bonds(a)Meaning of Bond valuation

(b)Terms related to valuation of bondCoupon rate, Maturity rate and current price

(c) Bond Valuation MethodPresent Value Approach

(3) Calculation of EMI-(a) Method to calculate EM(i)FlatRate Method (ii)Reducin@alance method
(iif) Real life example to calculate EMI of various types of loans, purchase of assets, etc.

(4) Compound Annual Growth Rate (CAGR)-(a)Meaning and use of CAGR)Formula for CAGR

(5) Linear Method for Depreciation- (a)Meaningand formula for Linear Method of Depreciation(b)
Advantages and disadvantages of Linear Method

Definitions and Formulae:

Perpetuity- A perpetuity is an annuity in which the periodic payments begin on a fixed date and contin
forever. There are two types of perpetuity(i) one in which the payment is made at the end of each pay
period and(ii) other in which the payment is made ab#wnning of each payment period.

Present value of a Perpetuity Consider an annuitywhose periodic payment is Rs. R for infinite periods,
interest being r% per period or r/100 =i per period per rupee.

Typel- When payment is made at the end of each payment period =P=—
Type2- When payment is made at the beginning of each payment period
P=R+- =R+ —

Sinking Fund- A sinking fund is a fund created to accumulate money over the years to discharge a fu
obligation like replacing an old machine by a new machgmgvation of house, expansion of business etc.

Consider an annuity whose periodic payment is Rs R payable at the end of each payment period
periods, interest being r % per period or i= r/100, then the amount of obligation which can be discharg

A=R

Difference Between Sinking Fund and Saving Account
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S.N.| Sinking Fund Savings Account
1. It is fixed term account It is a longtermaccount which can be closg
any time

2 It is setup for a particular upcomin| It does not have any specific purpose.
expense

3. In sinking fund a fixed amount at regul In saving account any amount,any time
intervals is deposited. be deposited.

4. It can be used only for the purpose it W It can be used in any emergency
created

Bonds Bonds are long term debt securities issued by companies or government entities. A bond is sil
a loan taken by a company or government bodies from investors. In return of which company pay|
interest at fixed intervals on the face value at fixed calied coupon rate and repay the principal.

Valuation of Bonds Present value approach

Let a bond of face value Rs. F matures in N years has a coupon rate of r% per annum then each ¢
payment C=F X—

If discount rate or yield to maturity is d% p.a. ther+=

Present value of bond (P.)= + F(1+i)™N

Equated Monthly Installment (EMI)

EMI is the monthly amount which we pay towards the repayment of the loan. EMI are used to pay off k
interest on the loan and principal amount. Initially interest on the loan is the major part of EMI but as
progress towards the loan tenure the intgyag reduces and principal part increases. The EMI depends @
the following factors:

() Principal borrowed (ii)Rate of interest (iii)Tenure of the loan
Calculation of EMI - There are two method of calculating EMI:
()Flat rate method (ii)Reducing balance method

()Flat rate method- In this method ,the amount of interest paid is fixed. The amount of interest is calculat

mply
S an

pUPC

yoth
we
n

ed

on the principal loan amount borrowed for its tenure at a constant rate of interest. In this method the interes

remains constant for every EMI and does not redscthe outstanding principal amount decreases with
every EMI.

EMI = —— P-Principal, tinterest rate per rupees per monthpmmber of payments

(ilReducing balance methd- In this method interest does not remain constant for every EMI and intere
for every subsequent EMI is calculated on the outstanding principal

EMI = —— P-Principal, tinterest rate per rupees per monthpnumber of payments
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Amortization of Loans- A loan is said to be amortized if each instalment is used to pay interest and the
part of the principal

(Dinterest on the outstanding loan and (ii))repayment of part of the loan i.e. principal

Principal outstanding at beginning of kth pericé=

Interest paid in kth payment

Total interest paid= n x EMIP
Compound Annual Growth Rate (CAGR)

Compound annual growth rate is a measure of an average yearly growth of an investment over a certain
time period when returns/ profits are reinvested at the end of each year.

The formula for calculating CAGR can be obtained from the compound infienestia

A= P(1 +iJ' Or F.V.=P.V.(1+i}

F.V.= Future/Final value of an investment , P.V.=Present/Beginning value of an investment
i=r/100, n= number of years.

_ 88’ Y-
= =3 -1 So, CAGR—?8 -1

DEPRECIATION 1 Depreciation is defined as the reduction of original cost of a fixed asset such as
buildings, furniture, machinery, vehicles etc. over a period of time due to wear and tear.
The time period in which an asset is expected to be functional and fit for purpose isisaliddife.

The value of a depreciable asset at the end of its useful life is satkgul valueor salvage value or
depreciated value.

Book Value-Book value of an asset at a given data is the original value of the asset minus the
accumulated depreciation at that date.

Methods of Computing Depreciation Linear Method or straigHine method
In this method, the value of an asset is reduced uniformly over each period until it reaches to its scrap or
salvage value.
CETLEOTHE T HTHER IR HHT 1 H
AT HHITT THEHHS T HH ™
MULTIPLE CHOICE QUESTIONS
1) The present value of a sequence of payment of Rs 800 made at the end of every 6 month anc
continuing for ever, if money is worth 4%p.a. compounded-semually, is
a) Rs. 20000 b) Rs.40000 c) Rs.60000 d) Rs.80000
Solution: P=—— 2 ——*=Rs.40000

Answer: b

Annual depreciation
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2) The present value of a perpetuity of Rs.750 payable at the beginning of each year, if money is worth

5%p.a. is

a) Rs. 15000 b) Rs.15750 c) Rs.14250 d) none of these
Solution: P=Y —— =750+ = 750+15000= Rs.15750
Answer: b

3) A bond has a face value of Rs.1000 matures in 5 years; coupon rate is 4%p.a. with interest|paid
semtannually. If the bond is priced to yield 6%p.a., the present value of the bond is (Givenh (1.03)
10=0.7441)

a) Rs.1052.18 b) Rs.1038.53 c) Rs.953.12 d) 914.70

Solution: C=F x (r/100) =1000 x (2/100) =20

P.V. + +1000 (1.03}°= 914.70

Answer: d
4) A bond of face value Rs.500 matures in 3 years, interest is paicheenmlly and bond is priced to
yield 10%p.a. If the present value of bond is Rs.450 the annual coupon rate is
a) Lessthan 10% b) more than 10% c) equal to 10% d) None of these
Solution: If discount rate is greater than coupon rate then P.V.is less than face value
Answer: a
5) A bond of face value Rs.1000 matures in 10 years, interest is paidseually and bond is priced
to yield 6%p.a. If the present value of bond is Rs.1250 the annual coupon rate is
b) Lessthan 6% b) more than 6% c) equal to 6% d) None of these
Solution: If discount rate is less than coupon rate then P.V.is greater than face value
Answer: a
6) Which is not true
(a) If discount rate coupon rate, then P.V.face value
(b) If discount rate coupon rate, then P.V.face value
(c) If discount rate coupon rate, then P.V.face value
(d) If discount rate coupon rate, then P.V.face value
(e) Answer: d
7)What sum of money invested now could establish a scholarship of Rs 2500, which is to
be awarded at the end of every year forever, if money is worth 4%compounded yearly

a) Rs.62500 b) Rs.125000 ¢) Rs.31250d) none of these
Solution: P= = =Rs.62500
Answer: a

14

8) At what rate of interest will the present value of a perpetuity of Rs. 500 payable at the end
of each quarter be Rs. 40000?

a) 1.25 % p.a. b) 2.5%p.a. c) 5% p.a. d) 6 %p.a.
Solution: P= O i= i.e.r= = =1.25%
Answer: a

9) Mr. X borrowed Rs. 500000 from a bank to purchase a house and decided to repay the
loan by equal monthly payments in 10 years. If bank charges interest at
7.5%p.a. compounded monthly then EMI is (Given1.00625).1121
a) Rs.5935 b) Rs.6380 c) Rs.7340  d) Rs.8520
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Solution: EMI = = = Rs.5935

Answer: a
10) EMI doesnét depend on
(a)Principal borrowed (b)Rate of interest (c)Tenure of the loan (d) None of these
Answer: d
11) A person invested Rs.180000 in a mutual fund in year 2016.If the value of mutual
fund increased to 225000 in year 2020, then compound annual growth rate of his
investment is [use (1.2%¥1.057]
(2)5.7% (b)10.57% (c)5.07%  d) None of these
8s 7

T
Solution: CAGR= —=F -1= ——  -1=0.057=0.057X100% =5.7%

Answer: a
12) An asset costing Rs.15000 is expected to have a useful life of 5 years. If scrap
value of the asset is Rs.3000, then annual depreciation charge is
(@)Rs.3000  (b)Rs.2400 (c)Rs.2804) Rs.3600

Solution:Annual depreciation=————=2400

Answer: b
13) A machine costing Rs. C would reduce to 10000 in 7 years. If annual depreciation charge is
Rs.10000, then the value of C is

a) 80000 b)70000 €)60000 d)none of these
Solution: 10000= O C=80000
Answer: a

14) A vehicle costing Rs. 125000 has scrap value of Rs. 25000.1f annual depreciation charge is
Rs.12500, then useful life of the vehicle is
a)4years b)6éyears c)8years d)10 years

Solution: 12500=———— O n=18

Answer: ¢
15) An annuity in which the periodic payment begins on a fixed date and continue forever is called
a) Sinking fund b) Coupon payment c) Perpetuity d) EMI
Answer c
16) A fund which is created to accumulate money over the years to discharge a future obligation
is called
a) Sinking fund b) Coupon payment c) Perpetuity d) EMI
Answer a
17) The amount or future value of perpetuity is
a) Sinking fund b) Coupon payment c) undefined d) EMI
Answer c
18) The issuer of bond pays interest at fixed interval at fixed rate of interest to investor is called
a) Sinking fund b) Coupon payment c) Perpetuity d) EMI

Answer b

19) The rate of interest used to discount the| b
a) Discount rate b) yield to maturity
c)Discount rate or yield to maturity d) None of these
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Answer ¢
20) Full form of CAGR
a) Complex Annual Growth rate  b) Complex Annuity Growth rate
c)Compound Annual Growth rate  d) Compound AnnGitgwth rate
Answer ¢
ASSERTION - REASON BASED QUESTIONS
In the following questions, a statement of Assertion (A) is followed by a statement of Reason(R). Pick
correct option:

the

a) Both Assertion (A) and Reason(R) are true and Reason(R) is the correct explanation of Asseftion

(A).
b) Both Assertion (A) and Reason(R) are true but Reason(R) is NOT the correct explanatior
Assertion (A).
c) Assertion (A) is true but Reason(R) is false.
d) Assertion (A) is false but Reason(R) is true.

of

1) Assertion (A): A machine costingRs.50,000 has a useful life of 4 years. The estimate scrap

value is 10,000 then the annual depreciation is Rs.10,000.
Reason(R):Annual depreciation=

Answer: c
Solution: D=—= ———=10,000

2) Assertion (A): The rate of interest for which the present value of perpetuity of Rs.50
payable at the end of each quarter be Rs.40,000 is 5%

Reason(R):Apply formula P=

Answer: a
Solution:i=r/ 4, P=R/i

40,000 = O i —X100% =5

3) Assertion (A): An annuity in which the periodic payment begins on a fixed date and

continue forever is called perpetuity.

Reason(R):The amount or future value of perpetuity is defined.
Answer: c

o

4) Assertion (A): An investment of Rs.10,000 becomes Rs.50,000 in 4 years, then the CAGR

is given by Vv -1] X 100
Reason(R):CAGR=[ ———— "-1] X100
Answer: a )

Solution: CAGR= = [ —— #-1] X100 = Vv -1] X 100
5) Assertion (A): The perpetuity is infinite
Reason(R):Future value of perpetuity is undefined
Answer: a
6) Assertion (A): Sinking fund is a fixed term account
Reason(R):It can be used in any emergency.
Answer: c
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7)

8)

9)

10)
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Assertion (A): In Flat rate method, the amount of interest is calculated on the principa

loanamount borrowed for its tenure at a constant rate of interest.
Reason(R): EMI = —— P-Principal, tinterest rate per rupees per month, mumber of

payments
Answer: a
Assertion (A): Compound annual growth rate is a measure of an average yearly growth

an investment over a certain time period when returns/ profits are reinvested

at the end of each year.

88 1
Reason(R):CAGR= =3 +1

Answer: c
Assertion (A): the value of an asset is reduced uniformly over each period until it reach
to its scrap or salvage value.

) BT CHE TOHTHTERTITIROHT HHT 1 H
Reason(R):Annual depreciation A HTT T B A

Answer: a
Assertion (A): The present value of a perpetuity of Rs.500 payable at the end of every
months be Rs.10000 then rate of interest is 5%p.a.

Reason(R):Present Value =

Answer: d
Solution: Present Value = : 10000=

= 10%

VERY SHORT ANSWER TYPE QUESTIONS
Question Find the present value of a sequence of payments of Rs.1000 made at the end of eve
months and continuing forever, if money is worth 8% per annum compoundedrzaumaily .

Solution:P=-= = =Rs.25,000

Question What sum of money is needed to invest now, so as to get Rs.5000 at the beginning of e
month forever, if the money is worth 6% per annum compounded monthly?
Solution:r=6/12=1/2=0.5; i=r/100=0.5/100=0.005)

P=R+=0 m 1t T[8—:5000+1000000:RS.1005000

Question At what rate of interest will the present value of a perpetuity of Rs.500 payable at the &
of every 6 months be Rs.100007?

Solution:i=r/200, P=— = —

r= = =10% p. a
Question A firm anticipates an expenditure of Rs.500000 for plant modernization at end of 10 ye

from now. How much should the company deposit at the end of each year into a sinking fund ear
interest 5% p.a.

Solution: A=R ; i= r/100=5/100=0.05
= 500000 ——— Let x= (1.05}°
= 500000 —~—— log x = 10 log1.05= 10X0.0212

of

2ry 6

very
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=500000 —— x= antilog 0.2120=1.629

5. Question Sanjay takes a personal loan of Rs.500000 at the rate of 12% per annum for 3 ye
Calculate his EMI by using flat rate method.

Solution:EMI = —— : i = 12/(12X100) =0.01
EMI = 8 - Rs. 18888.89

6. QuestionA machine costingRs.50,000 has a useful life of 4 years. The estimate scrap value is 10,
Using straight line method, find the annual depreciation.

Solution:Annual depreciation=

=——=Rs. 10000

7. Question The annual depreciation of a car is Rs.30000. If the scrap value of the car after 15 yea
Rs.50000, find the original cost of the car using linear method.

Solution:Annual depreciation=

30000 =

C =Rs.50,000
8. Question A dining table costing Rs.36000 has a useful life of 15 years. If annual depreciation is
2000, find its scrap value using linear method.

Solution:Annual depreciation=

2000 =

S=Rs.6,000
9. Question A piece of equipment that cost Rs.25000 has an estimated useful life of 8 years and
scrap value. Find the annual depreciation using linear method.

Solution:Annual depreciation=

= =Rs.3125
10. QuestionA bond of Face value Rs.1000 has a coupon rate of 10% p.a. paidrsamaily. If the
present value of bond is Rs.1140, find coupon payment.
Solution: C=1000X—=Rs.50
11. Question:A company ABC Ltd has raised funds in the form of 1,000 zer&c oupon bon
1,000 each. The company wants to set up a sinking fund for repayment of the bonds, which wil

after 10 years. Determine the amount of the periodic contribution if the annualized rate of intere
5%, and the contribution will be done half y e &ivdn yhat (1.025) = 1.6386.

Solution: A=R ; 1= r/200=5/200=0.025

1OOOOOO:R88— R=— 8 - — =Rs.39148.136

12. Question:Find the present value of a perpetuity 48,000 payable at the end of 6 months, if the
money is worth 8% p.a. compoundedsemiannual | y.
Solution:P=-= = =Rs. 4,50,0000
]
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13. Question:If the cash equivalent of the perpetuity df,200 payable at the end of each quarter is
96,000, find the rate of interest convertible quarterly

Solution:P=-; 96000:T 1 96000=——————; r=5%

14. Question:A person buys a house for which he agrees to pa00 at the end of each month for 8
years. If money is worth 12% converted monthly, what is the cash price of the house? (Given (1,01)
=0.3847229701)

Solution :EMI = ——; P= =2 - % = Rs.307638.51

15. Question:Sanjay takes a personal loan 600000 at the rate of 12% per annum for 3 years
Calculate his EMI by using flat rate method.
Solution: EMI = = ¢ = =Rs.18888.89

16. Question:Avni takes a loan 0f500,000 from a bank at an interest rate of 6% p.a. for 10 years. She
wants to pay back the loan in equated monthly installments. Find her EMI by using Flat rate method
(Given (1.005) = 0.5496327334)

8

Solution: EMI = = = =Rs.6,666.67

17. 1 OA O B0O0D is invested in a Term Deposit Scheme that fetches interest 6% per annum
compounded quarterly. What will be the interest after one year? Given that (1:015)613
Solution: Interest =P {(1+i)"-1} =5000{(1+0.015-1} =5000{(1.015% -1}
= 5000 x 0.0613 =306.82

18. 1 O A OdFiad the present value of a sequence of payment8,600 made at the end of each 6
months and continuing forever if money is worth 4% compoundedisammually
Solution:P=-= el Rs.4,00000

19. Question A refrigerator costing Rs.76000 has a useful life of 20 years. If annual depreciation is Rs.
4000, find its scrap value using linear method.

Solution:Annual depreciation=

4000 =

S=Rs.16,000

20. 1 O A OdRrahulipurchased an old scooter fa6000. If the cost of the scooter after 2
years depreciates t014440, find the rate of depreciation.
Solution: A= P (1—)" ;14440= 16000(3— 2 ;r= 5%

SHORT ANSWER TYPE QUESTIONS

1.  Question: A machine costing Rs.200000 has effective life of 7 years and its scrap value is Rs.30000.
What amount should the company put into a sinking fund earning 5% per asmubhat it can
replace the machine after its useful life? Assume that a new machine will cost Rs. 300000 after 7

years.
Solution: A= R © A= 3,0000630,000 =2,70,000; i=0.05
2,70,000 = R—— Let x= (1.05J° logx= 7xlogl.05=0.1484
R = 13500/0.407 x= antilog0.1484=1.407
=Rs.33169.53
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2. Question: Rahul plans to save amount for higher studies of his son, required after 10 years.|He
expects the cost of these studies to be Rs. 100000.How much should he save at the beginning o
each year to accumulate this amount at the end of 10 years, if the irdeFest12% compounded
annually?

Solution: A= R(1+i)

100000= R(1.12)——— =R —=——°

R:B—Z: Rs.5091.22 (By taking log (1.12¥3.477
3.  Question: A bond has face value of Rs.1000, mature in 4 years. Coupon rate is 4% per annum.|The

bond makes annual coupon payments. If the yield to maturity is 4%,find the fair value of bond.
Solution: C= F X— = 1000%— = Rs.40

PV.= ——— + F(1+)M
8

= — +1000(1.04}

By log (1.04)* = 0.8551

= 144.90+855.10= Rs 1000
4.  Question: A bond of face value Rs.1000 has a Coupon rate of 6% per annum with interest paid
semtannually and matures in 5 years. If the bond is priced to yield 8%p.a., find the value of the
bond.

Solution: C= F X— = 1000%— = Rs.30

+ 1000X0.8551

PV.= ——— + F(1+)M

= + + 1000(1.04}°=

By log (1.04)°=0.6761
242.93+676.10= Rs 919.03
Hence, the fair value of bond is Rs 919.03
5. Question: A bond of face value Rs 1000 matures in 5 years. Interest is pakhsamally and bond
is period to yield 8%p.a. If the present value of bond is Rs800, find the annual coupon rate.
Solution: C= F X— = 1000%— = Rs.5r

8 +1000X0.6761

PV.= —— + F(L+i

800 = + +1000(1.04}°=

By log (1.04)°=0.6761
8

8 +1000X0.6761

800676.10 =

r =0.0306= 3.06%
6. Question: Mr Sharma borrowed Rs.1000000 from a bank to purchase a house and decided to
repay the loan by equal monthly instalments in 10 years. If bank charges interest at 9 % p.a.

compounded monthly, calculate the EMI. (Given1.06%2.4514)

Solution: EMI = 88 8 =— 8 -Rs12667.42
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7.  Question: A person wishes to purchase a house for Rs 45,00000 with a down payment of Rs 500000
and balance in EMI for 25 years. If bank charges 6%p.a. compounded monthly, calculate the EMI.
(Given 1.008°=4.4650)

Solution: EMI = ——— ;P= 45,00006600000=40,00000; i= 6/12x100=0.005

EMI = — - =% -Rs25772
8.  Question: Diwakar invested Rs.20000 in a mutual fund in year 2010.The value of mutual fund
increased to Rs.32000 in year 2015.Calculate the compound annual growth rate of his investment.
T T
Solution: CAGR= —¢ " 1= —— " -1=p& 7 p=1.0981

8h
=0.098x100%=9.8%

By using logO A 11O@% 7 =1.098
9. Question:Vikas invested Rs.10000 in a stock of a company for 6 years. The value of his investment
at the end of each year is given below:
Yearl Year 2 Year 3 Year 4 Year 5 Year 6
Rs.11000 Rs.11500 Rs.13000 Rs.11800 Rs.12200 Rs.14000
CalculateCAGR of his investment.

. 8g 7 7
Solution: CAGR= —  -1= —— -1=p8 7 p=1.0581

8h
=0.058x100%=5.8%

By using logO AT11O@R 7 =1.058
10. Question:Supposea person invested Rs 15000 in a mutual fund and the value of investment at the
time of redemption was Rs 25000.If CAGR for this investment is 8.88%.Calculate the number of

years for which he has invested the amount.

e
Solution: CAGR %= —+ p x 100

e
8.88= —— p x100

0.0888+1= p® @ X'
1.0888= p® ¢ X

log 1.0888= 1/n log 1.667
n= Z = : =5.99i.e.6 years
11. Question: Consider a bond with a coupon rate of 10% charged annually. The par vat @08
and the bond has 5 years of maturity. The yield to maturity is 11%. What is the value of the bond.

(Given(1.11)° =0.593451)
Solution: C=F X— = 2000%— = Rs.200

PV.= — + F(A+)"
P.V.= S +2000(1+0.11F
P.V. = +2000(1.11F =200(3.6959) +2000(0.593451)

8
=Rs.1926.08
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12. Question: Sonia invested40,000 in a mutual fund in year 2019. The value of mutual fund
increased to 64,000 in year 2024. Calculate the compound annual growth rate of her investment.
[ Given, log (1.6) = 0.2041, antilog (0.04082) = 1.098]
Solution CAGR= —- "1z — T izp® T p=1.0981=0.098x100%=9.8%

By using logO A 11O@% 7 =1.098
LONG ANSWER TYPE QUESTIONS

1) Question: A machine costs a company Rs. 52000 and its effective life is estimated to be 25 years.
A sinking fund is created for replacing the machine by a new model at the end of its life time, when
its scrap realizes a sum of Rs.2500 only. The price of the nealglnsoestimated to be 25% more
than the price of present one. Find what amount should be set aside at the end of each year put c
the profit for the sinking fund, if it accumulates at 3.5% compound annually? [ Given
(1.035%°=2.3632)]
Solution:- Cost of machine= Rs.52,000
Cost of new machine= 52,000+25% of 52,000= Rs.65,000
Scrap value= Rs.25,000
Net amount required at the end of 25 yr.=Rs (652800) =Rs.62,500

A= Rs.62,500, n= 25 yr, i= 3.5/100=0.035%

R= == = =Rs.1604.68
2)  Question: Find the purchase price of a Rs. 20000 bonds, redeemable at the end of 10 yr at 110 and

paying annual dividends at 4%, if the yield rate is to be 5% effective. (@139

Solution:- n=10, i= 5/100=0.05
C= Annual dividend= 4%o0f F.V= X20000=Rs.800

F=redemption price=20008x% =Rs.22,000
Let V be the purchase price of the bond

Ve 4+ F1+)N= - 8 + 22000(1+0.05%°

= [16000{1-(1.05)*% +22000(1.05)!% =Rs.19683.40
3) Question: Rajesh purchased a house from a company for Rs. 25,00000and made a down payment
of Rs.500000. He repays the balance in 25 yr by monthly instalment at the rate of 9%p.a.
compounded monthly
(DWhat are the monthly payment?
(ihWhat is the total interest payment? Given (1.067%0.1062
Solution:- Cost of house=Rs 2500000, Down payment= Rs.500000

Principal amount= 25,0006®,00000= Rs.2000000, n=25x12=300, i=9/1200=0.0075
- _ 8 8 _ T8 _ 8 _ 8 _
EMI= = 5 = =3 = =16,782.46
Total Interest= NnXEMP=300x16782.42000000=Rs.3034681
4)  Question: Loan of Rs. 400000 at the interest rate of 6.75% per annum compounded monthly i$ to
be amortized by equal payment at the end of each month for 10 yr, find the size of each monthly

payment. [(1.005625%)°=1.9603]

Solution:- EMI= =

i — =Rs.4593
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Monthly payment= Rs.4593
CASE BASED QUESTIONS
Df

Question: In year 2000, Mr. Talwar took a home loan of Rs.30,00000 from state Bank
India at 7.5%p.a. compounded monthly for 20 years. (1.08%28)4608
Based on the above information, answer the following question:

a) What was EMI paid by Mr. Talwar
b) What was interest paid by Mr. Talwar in 158ayment?

c) What was Principal paid by Mr. Talwar in #5payment?

Solution: a) EMI= = = 8 - i=7.5/1200=0.00625
= : 8 = - ®  -Rs.24167.82
b) Interest paid in kth payment
Interest paid in 150th payment 8 5 8 = 8 5 8
= 8 8 =— % % -Rs.10458.69

a 8 8
c) Principal paid by Mr. Talwar in 180payment EMI i Interest paid in 150th payment
= 24.167.8210458.69= Rs.13709.13

2) Question:A loan of Rs.250000 at the interest rate of 6%p.a. compounded monthly is to be amorti
by equal payments at the end of each month for 5 years, find
a) the size of each monthly payment
b) interest paid in 40 payment

c) total interest paid
[ Given (1.0055°=1.3489, (1.005}=1.1104]

Solution: a) EMI= =hh s ® . i=6/1200=0.005
-hh s @ =10 8 8 -Rs483269
a) Interest paid in R payment= 8 5 8 8 3 8
8 8 =480.48

8
b) Total interest paid= n x EMP =60x4832.69250000=Rs.39961.40

3) Question: A couple wishes to purchase a house for Rs.10,00000 with a down payment

Rs.2,00000. If they can amortize the balance at 9% per annum compounded monthly for 25 yed

a)what is their monthly payment?

b)What is the total interest paid?
8 8 . i=9/1200=0.0075

Solution a) EMI= = 3
8 8 =— = =Rs.6633.57

8
a) Total interest paid=n x EMIP= 300x 6633.5B00000

=1990071800000=Rs.11,90,071
HIGHER ORDER THINKING SKILLS

1) Question: A loan of Rs.400000 at the interest rate of 6.75%p.a. compounded monthly is to

amortized by equal payments at the end of each month for 10 years. Find

i)the size of each monthly payment.
I —————————
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ii)the principal outstanding at the beginning of'édonth
iii)the interest paid in 1payment.

iv)the principal contained in 8payment

v)total interest paid.

[Given (1.0056257%1.9603, (1.005626%1.4001]
8 8

Solutioni) EMI= = 3 ; 1=6.75/1200=0.005625
_ 8 8 _ 8 8
= . = 3 Rs.4593
i) Principal outstanding at the beginning of'éionth=
_ 8 8
T8 8 8 8
i - Rs233336.89
8 8 8 g o :
iii)Interest paid in 61 payment= 88 88
=— %  -Rs1312.52

8
iv) Principal contained in 61payment=EMiInt. paid in 63 payment

=45931312.52=Rs3280.48
V) Total interest paid=n x EMP= 120x 4593100000
=Rs.151160
2) Question: A bond that matures in 6 yr has coupon rate of 12%p.a.and has a face value of
Rs15000.Find the fair value of bond, if the yield to maturity is 10%. [f£056]

Solution- C= F x— =15000 x— =Rs.1800

(PV)= — + F(1+iN= 8

+ 15000(1+0.1%

+ 15000(1.1% = —88 + 15000x0.56=Rs.16320

EXERCISE
MULTIPLE CHOICE QUESTIONS
1) Simran purchased a number of stocks of Amazon. At the end of first year, she received a payment
of 8000, which grows at a rate of 3%per year and continues forever. If the discount rate is7%.
Then, the present value of Simrands i nvestime
(2)32000 (b)20000 (c)200000 (d)40000
2) The present value of a perpetuityof’5000 payable at the end of each year, if money is worth| 5%
compounded annually is
(2)20000 (b)100000 (c)10000 (d)25000
3) The rate of interest will the present value of perpetuity of 500payable at the end of every 6months
bel0000 is
(2)5% (b)8% (c)10% (d)4%
4) A bond of face value of 500 mature in3yr. Interest is paidyedfly and bond is price to yield 8%
annually. If the present value of bond is 450, then annual coupon rate is
(a)less than10% (b)equal to10% (c)more than10% (d)None of these
5) Manish takes a loan of 300000 at an interest of 10%compounded annually for a period of 3yr, then
EMI by using flat rate method is
(2)Rs1083.33 (b) Rs 1073.33 (c) Rs 1093.33 (d) Rs 1063.33
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6) A company ABC Ltd has issued a bond having a face value of 10000 paying annual dividend at 8%.
The bond will be redeemed at par at the end of 10yr.The purchase price of this bond, if the investor
wishes a yield rate of 8%is (given (1.0830.4632)

(&) 8000 (b)12000 (c)10000 (d)9000

7) Mr. Ahuja borrowed 100000 from a bank to purchase a car and decided to repay the loan by equal
monthly instalments in10yr.If bank charges interest at 9% per annum compounded monthly, then
the value of EMI is (given (1.0075%%§=0.24514)

(a)1250 (b)1266.74 (c)1300  (d)None of the above

8) A person buys a house for which he agrees to pay 5000 at the end of each month for 8yr. If mpney
is worth12% converted monthly. Then, the cash price of house is (given (11.01%°
=0.3847)

(a)307650 (b)407650 (c)507650 (d)None of these

9) Mr. Malik borrowed 500000 from a bank to purchase a house and decided to repay the loan by equal
monthly payment in10yr.If bank charges interest at 7.5% per annum compounded monthly, then
EMI is (given (1.00625%°=2.1121)

a. 5935 (b) 6380 (c)7340 (d)8520

10)A company intends to create a sinking fund to replace at the end of 20th year assets costing
50000.Calculate the amount to be retained out of profit every year, if the interest rate is 5% (given
(1.00625¥%%= 2.1121)

(2)15122.18 (b)15322.18 (c)15422.18 (d)15022.18
ASSERTION - REASON BASED QUESTIONS
In the following questions, a statement of Assertion (A) is followed by a statement of Reason(R). Pick| the
correct option:
a) Both Assertion (A) and Reason(R) are true and Reason(R) is the correct explanation of
Assertion (A).
b) Both Assertion (A) and Reason(R) are true but Reason(R) is NOT the correct explanation of

Assertion (A).

c) Assertion (A) is true but Reason(R) is false.
d) Assertion (A) is false but Reason(R) is true.
1. Assertion (A): A machine costingRs.25000 has a useful life of 8 years. There is no scrap value then
the annual depreciation is Rs.6150

Reason(R):Annual depreciation=

2. Assertion (A): The present value of a perpetuity of Rs.900 payable at the end of each year| be
Rs.18000 then rate of interest is 5%p.a.

Reason(R):Present Value =

3. Assertion (A): An investment of Rs.10,000 becomes Rs.14,000 in 6 years, then the CAGR is given
by Vp8& -1] X 100 %
Reason(R):CAGR=[ ———— Y X100%

4. Assertion (A): An EMI is a fixed payment made by a borrower to a lender at a specific date eve
month to clear off the loan
Reason(R):A loan is said to be amortized if each installment is used to pay interest and part of the
principal

5. Assertion (A): The time period in which an asset is expected to be functional and fit for the purpase
is called useful life.
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Reason(R):The value of depreciable asset at the end of its useful life is called depreciated value.
6. Assertion (A): The present value of a perpetuity whose periodic paymenRak made at the

end ofeach payment period, interest beinger rupee per period is given by
Reason (R):Sum of an infinite G.P. whose first term is a and common ratio is r (r < 1) is given hy

VERY SHORT ANSWER TYPE QUESTIONS
1. At 6% converted quarterly, find the present value of a perpetuity of 45000 payable at the end of each
quarter.
2. The present value of a perpetual income of R at the end of each month is42000.Find the valye of
R, if money is worth 6% compounded sesminually.
3. Atwhat rate of interest will the present value of 300 payable at the end of each quarter be 240007
4. What sum of money is needed to invest now, as to get10000at the beginning of every month forever,
if the money is worth 8%per annum compounded quafterly
5. What amount is received at the end of every 6 months forever, ifRs72000 kept in a bank earns 8%p.a
compounded half yearly?
6. A dining table costing36000has a useful life of 15 years. If annual depreciatior2@)0, find its
scrap value using the linear method.
SHORT ANSWER TYPE QUESTIONS
1. Mr. Taneja purchase a house of 4500000 with a down payment of 500000 and balance in EM| for
25yr.If bank charges 6%per annum compounded monthly Calculate the EMI.  (given
(1.005¥°%=4.4650)
2. Afirm anticipates a capital expenditure of 80000 for a new equipment in 5yr. How much shouldbe
deposited quarterly in sinking fund carrying 12% per annum compounded quarterly to provide|for
the purchase? (given (1.6%¥ 1.8061)
3) A man wants to deposit a lump sum amount so that an annual scholarship of Rs3000 is paid. |Rate
of interest is 5%p.a. Calculate the lump sum amount required, if the scholarship is to start at the end
of this year and continue forever
4) What sum of money invested now could establish a scholarship of Rs 5000 which his to be awarded
at the end of every year forever, if money is worth 8%p.a.
5. Find the present value of a perpetuity of Rs 300 payable at the beginning of every 6 months, if
money is worth 6%p.a.
6. A machine costing 30,000 is expected to have a useful life of 4 years and a final scrap value of
4000. Find the annual depreciation charge using the straighti ne met hod. Prepar
schedule.
LONG ANSWER TYPE QUESTIONS
1. Mr. Kailash has taken a personal loan of 200000 for2yr at an interest rate of 20% per annum, which
is to be paid back in equal monthly installments. How much monthly installment Mr. Kailash wjll
pay? [given@ @ 1 =0.6725
2. A machine costs a company 52000 and its effective life is estimated to be 25yr.A sinking fund is
created for replacing the machine by a new model at the end of its life time, when its scrap realizes
a sum of 2500 only. The price of the new model is esdch&d be 25% more than the price of
present one. Find what amount should be set aside at the end of each year out of the profit far the
sinking fund, if it accumulates at 3.5% compound annually?
(given (1.0353°=2.3632)
I —————————
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3. A machine is bought for 320000.Its effective life is 8yr, after which its salvage value would
25000.1t is decided to create a sinking fund to replace this machine at the end of its effective life
making half yearly payments that will earn an intecé€% per annum compounded half yearly. If
it is known that the cost of machine increases by 5%per annum. Calculate the amount of ¢
payment to the sinking fund.

[given(1.04%°= 1.8730 16= and (1.05¥ 1.4774]
4. A machine costs accompany Rs.52000 and its effective life is estimated to bel2yr. A sinking f
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is created for replacing the machine by a new model at the end of its life time, when its scrap realizes

a sum of 5000 only. The price of new model is esticthédebe 25% higher than the price of the
present one. Find what amount should be set aside at the end of each year, out of the profit, fc
sinking fund, if it accumulates at 10% effective. (given (}223.1384)
5. A person amortizes a loan of 150000 for a new home by obtaining a 10yr mortgage at the rat
9%per annum compounded monthly. Find (i) the monthly payment (ii)the total interest paid (giv
(1.0075)'2°= 0.4079

CASE BASED QUESTIONS

Aakriti invest in bond of face value of 1000 has a coupon rate of 8% per annum with inter

paid semiannually and mature in 5yr.

Based on above information, answer the following questions.

(i) If discount rate is 6%per annum, then check whether present value of bond is more than face
or less than?

(i) If the present value of bond is 1000, then find discount rate.

In year 2018, Mr. Verma took a loan of 250000 at the interest of 6%per annum compoun
monthly is to be amortized by equal payment at the end of each of 5y
[given (1.005%°= 1.3489]

Based on the above information, answer the following questions
(i) How many payments are there?

(ii) Find size of each monthly payment

(i) What is the total interest paid by Mr. Verma

HIGHER ORDER THINKING SKILLS

Mrs. Sharma took a housing loan of Rs.800000 to be paid in 10 yr by equal monthly installments.
interest charged is10.5%per annum compounded monthly. Find her monthly installment. (gi
(1.00875)!2°= 0.3515)

A machine costs a company52000 and its effective life is estimated to be 12 yr. A sinking fung
created for replacing the machine by a new model at the end of its lifetime, when its scrap realiz
sum of 5000 only. The price of new model is estimatebe25% higher than the price of the present
one. Find what amount should be set aside at the end of each year, out of the profit, for the sin
fund, if it accumulates at10%effective. (given (3253.1384)
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ANSWERS
MULTIPLE CHOICE QUESTIONS

1.(c)200000 2. (b)*100000 3.(c)10% 4. (a)less than10%5. (a)Rs.1083.33

6.(c)10000 7.(b)1266.74 8. (a)307650 9.(a) 593510.(a)15122.18

ASSERTION - REASON BASED QUESTIONS
1.d)iv) 2.a)() 3.c)(ii) 4.a)() 5.d)(iv) 6.@)()

VERY SHORT ANSWER TYPE QUESTIONS
1.Rs. 3000000 2.Rs.12603.5% 4. Rs.5100005. Rs. 28806.Rs.6000

SHORT ANSWER TYPE QUESTIONS
1. Rs25772 2.Rs.2977.293. Rs.600004. Rs.625005. Rs.10300
6. Oyr-30,000;1y¥23500;2y¥17,000;3y¥10,500;4y¥4000

LONG ANSWER TYPE QUESTIONS
1.Rs.10178 2. Rs.1604.683. Rs.20516.284. Rs.2805.855. (i) Rs.1900 (ii) Rs.78000

CASE BASED QUESTIONS
1. (i) More than F.V. (ii) 8%2. (i) 60 (i) Rs.4832.69 (iii) Rs.39961.40

HIGHER ORDER THINKING SKILLS
1.Rs.10794.14 2. Rs.2805.85
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UNIT -8
LINEAR PROGRAMMING

Gist/Summary

Linear Programming Problems
Objective Function
Decision Variables
Constraints
Different types of linear programming probleinManufacturing Problem, Diet Problem
Mathematical Formulation of LPP
Feasible region and Feasible Solution
Definitions and Formulae

[t et s B o A o A A

Linear Programming Problems: Problems which minimize or maximize a linear functiosubject to
certain conditions determined by a set of linear inequalities witimegative variables are known as
linear programming problems.

Objective function: A linear function® & @ & where®andware constants which has to be
maximized or minimized according to a set of given conditions, is called as linear objective function.
Decision variables:In the objective functiod ¢ @ & the variablesfthare said to be decision
variables.

Constraints: The restrictions in the form of inequalities on the variables of a linear programming
problem are called constraints. The conditians 1, @ T1are known as nenegative restrictions.
Different types of linear programming problems: A few important linear programming problems are as
follows:

Manufacturing problem: In such problem, we determine: (a) Number of units of different products to be

produced and sold. (b) Manpower required, machines hours needed, warehouse space available, etc
Objective function is to maximize profit.

Diet problem: Here, we determine the amount of different types of constituent or nutrients which shou
be included in the diet. Objective function is to minimize the cost of production.

Assignment Problem:The assignment problem is a special case of transportation problem where the
number of sources and destinations are equal. Supply at each source and demand at each destinatio
be one.

Blending problem:To determine the optimum amount of several constituents used in producing a set ¢

products while determining the optimum quantity of each product to be produced.

Investment problem: To determine the amount of investment in fixed income securities to maximize th
return on these investment.

Limitations of Linear Programming:

(i) To specify an objective function in mathematical form is not an easy task.

(ii) Even if objective function is determined, it is difficult to determine social, institutional, financial and
other constraints.
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(iii) It is also possible that the objective function of constraints may not be directly specified by linear
inequality equations.
Mathematical Formulation of LPP
Let us take an example to understand how to formulate a LPP mathematically.
Example 1 :An electronic firm is undecided at the most profitable mix for its products. The products
manufactured are transistors, resistors and c
respectively. To produce a shipment of transistors aantgl00 units requires 1 hour of engineering, 10
hours of direct labour, and 2 hours of administrative service. To produce 100 units of resistors require
hour, 4 hours and 2 hours of engineering, direct labour and administrative services respectively. For 1
units of carbon tubes it needs 1 hour, 6 hours and 5 hours of engineering direct labour and administra
services respectively.
There are 100 hours of engineering time, 600 hours of direct labour and 300 hours of administrative ti
available. Formula the corresponding LPP.
Sol.: Let the firm producé hundred units of transistor®hundred units of resistors adchundred units
of carbon tubes. Then the total profit to be maximized from this output will be
0 P e TO
This is our objective function.
Now production ofv hundred units of transistors®hundred units of resistors adthundred units of
carbon tubes will requir® & @hours of engineering time, ® TW @®Ohours of direct labour
time andc® ¢® v®hours of administrative service.
But the total time available for engineering, direct labour and administrative services is 100,600 and 3
hours respectively.
Hence the constraints are:
O O O pmm
P TW @O @TT
CO CO LV OoTTm

with QI Tt as the nomegativity restriction. Thus, the formulation is
Maximize,0 p 1 @® TSsubjectto constraints:
O O W PN
P TW @O @TT
CO CW LW OTT
ORI T

Key Facts
Linear programming is often used for problems where no exact Solution is known, for example for
planning traffic flows.
The goal of linear programming is to maximize or minimize specified objectives, such as profit or cost
This process is known as optimization.
Linear programming is heavily used in microeconomics and company management, such as planning
product, transportation, technology and other issues, either to maximize the income or minimize the c
of a production scheme.
Feasible region:The common region determined by all the constraints includinghegative constraints
ofto  Trof linear programming problem is known as the feasible region.

Feasible Solution:Points within and on the boundary of the feasible region represents feasible Solutiof

of constraints.
]
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Which of the following isnot a constraint to the above Linear Programming Problem?

In the feasible region, there are infinitely many points (Solutions) which satisfy the given conditions.
Theorem 1:Let R be the feasible region for a linear programming problem adul leb & ¢ che the
objective function. Whehas an optimal value (maximum or minimum), where variabl@sdware
subject to constraints described by linear inequalities, the optimal value must occur at a corner point
(vertex) of the feasible region.

Theorem 2:Let R be the feasible region for a linear programming problem, add leb w by be the
objective function. If R is bounded, then the objective function R has both maximum and minimum
values ofY and each of these occurs at a corner point (vertex) of R.
However, if the feasible region is unbounded, the optimal value obtained may not be maximum or
minimum.
Corner or Extreme Point Method of Formulation of LPP
Step 1: Formulate the linear programming problemy@amdcwwith given conditions.
Step 2: Convert the inequality constraints into equality constraints and plot each line on the graph pap
Step 3: Find the feasible region and check if the feasible region is bounded or unbounded.
Step 4: Evaluate the value of the objective function Z at each corner point. Let M be the gredtelseand
the smallest value of the objective function Z .
(i) When the feasible region is boundedM andd are the maximum and minimum values of the
objective functiory, respectively.
(i) When the feasible region is unbounded:
(a) M is the maximum value of the objective function Z, if the open half plane determided)bgo
0 has no point in common with the feasible region. Otherwise the objective function has no maximum
value.
(b) & is the minimum value of the objective function Z, if the open half plane determinddibyo
a has no point in common with the feasible region. Otherwise, the objective function has no minimum
value.

MULTIPLE CHOICE QUESTIONS (SOLVED)

The feasible region corresponding to the linear constraints of a Linear Programming Problem is give
below.

P

v
0,5

e 137
A &

o, 0

X Ol=
Y0
, %

v
y o

@o o ¢ b)) cw pm ©o o p dw o p

Ans. Option (c) is correct.

Solution: We observe,plt  does not satisfy the inequaldy @ p ((You can take any point in the
feasible region). Therefore, it will not contain the shaded feasible region.
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2. The corner points of the shaded unbounded feasible region of LPRafen®p® and ofit as

3)

shown in the figure. The minimum value of the

(a) TeEpipgp only

(b) ofmt only

(c) Tpip® and ofit only

(d) At every point of the linsegmnt joining the pointsip® and ofit
Ans. Option (d) is correct.

Solution: The minimum value of the objective function occurs at two adjacent corner points (0.6, 1.

and (3,0) and there is no point in the half place @w p gn common with the feasible region.
Sothe minimum value occurs at every point of the line segment joining the two points.

If the corner points of the feasible region are A(0,10), B(5,5), C(15,15) and D (0,20), then
at which point(s) is the objective functiodh ow womaximum?
(a) Point B (b) Point C (c) Point D (d) every point on the line segment CD

Ans. Option (d) is correct.
Solution: Z is maximum 180 at points p & v and$ it Tt
t Qis maximum at every point on the line segment CD

Q.4. In the given graph, the feasible region for an LPP is shaded. The objective finctigh ow

will be minimum at:
N
(4, 10)

,8) (6,8)

(6, 5)

(0, 0 M
(@) thp (b) oy (c) Ty (d) ol

Ans. Option (c) is correct
Solution: ¢is minimum-24 at Tty
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Q. 5. Alinear programming problem is as follows:

Minimize® o U ™
Subject to the constraints,

oW LW PpUL
CGw ow p Y
w T T

In the feasible region, the minimum value of Z occurs at

(a) A unique point (b) No point (c) In finitely many points  (d) Two points only
Ans. Option (d) is correct

Solution: Let the equation of constraints be

oW LW pPUL

Cw ow pyY
W T T

: - , X
o G0 (9, 0]

Comer points of feasible . . ,
: W om UL
region
uhr 150
Wit 270
Tio 150
Tthp 300

Minimum value of Z occurs at two points.

Q. 6. For an objective functiagh & @ & ¢wherecfto T the corner points of the feasible region
determined by a set of constraints (linear inequalities) aie {t p #p mh o to tand it 1@ The
condition on a and b such that the maximum Z occurs at both end points ( 30,30 ) and ( 0,40 ) is:
@® ow T

(b)&d ok
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(dcd @ ™

Ans. Option (a) is correct

Solution: As Z is maximum at ( 30,30 ) and ( 0,40 )

b o GO T
bW o T

Q 7. A mining company owns two different mines that produce ore which is graded in two classes: high

and medium grade. The two mines have different operating characteristics as detailed below:

Mine | Cost per day (in lakhs Production (tons/day)

High grade | Medium grade

X 105 5 3

Y 90 1 2

For a particular week, the company contracted to provide 10 tons effagke and 8 tons of medium

grade ore to a factory. The company wants to work out how many days per week it should operate each

mine to fulfill the contract keeping the mining cosi@s as possible.

Takingwto be the number of days per week that ndiris operated, anéto be the number of days per
week mineis operated, what will be the objective function and constraints for this LPP (Assume

ww  X)

(a) Objective functionp mad w ™ Constraintv¥w w p OOCW Cw Y

(b) Objective function 105x +90 y; Constrainiso cw p MW (0 Y

(c) Objective functiomw owy Constraintsbw W P MTOW CW WT

(d) Objective functionsdy cwConstrainsbw ow P MTOW CW WT

Ans. Option (a) is correct.

Solution : The objective function is to minimize the total cost, with minimum number otdyigtie ores

as 10 and minimum number of medium grade ore as 8. As per the contract, the company must provid
tons of highgrade andptons of medium grade. So, it must produce at least 10 tons of high grade and 8
tons of medium grade.

Option (b) the constraints are incorrect with numbers from the table processed incorrectly

Option (c) the objective function is incorrect and constrains are also incorrect. Numbers taken from th
table only.

Option (d) the objective function is incorrect, and constraints are also incorrect. Numbers taken from t
table only.

Q. 8 The comer points of the bounded feasible region determined by a system of linear constraints ar
3)(1,1)and (3,0).Leb 1 ® n wherenm 1
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The condition o) andn so that the minimum of Z occurs at (3, 0) and (1, 1) is
@n ¢n (b)yn - (©n o @@n 1

Ans. Option (b) is correct.

Solution: & N ® A @ At ofit Ky on)
andatplp o 10 1

From (i) & (iii), oy 1 [t ¢ n.

Q. 9. The Solution set of the inequaldyp vw T is
(a) an open halplane not containing the origin

(b) an open halplane containing the origin.

(c) the whole xyplane not containing the lir@y vw T
(d) A closed half plane containing the origin

Ans. Option (b) is correct.

Solution: The strict inequality represents an open half plane and it contains the origin as ( 0, 0 ) satisfi
it.

Q. 10. The corner points of the feasible region determined by the system of linear constraints are
mimhmit 7 ¢ ft mh @ &t 1h ¢ fit . The objective functionis Z T® ow
Compare the quantity in Colungnand Columrd

Columno Columnd
Maximum of 325
(a) the quantity in columa is greater. (b) the quantity in coluinis greater.

(c) the two quantities are equal.
(d) The relationship cannot be determined on the basis of the information supplied.
Ans. Option (b) is correct.

Solution:
Comner points Corresjpondl‘ng va!ue of
Q
T 0
it T 120
ctim 200
o ft o 119 Maximum
@ fr 240

Hence, maximumvalueod ommo v
So, the quantity in columa is greater.
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Q. 11. The feasible Solution for a LPP is shown in given figureddLeto®w Twbe the objective
function. Maximum ofdoccurs at

(4, 10)

0,8) L

) B

(a) mim (b) Ty @) th

Ans. Option (c) is correct.

Solution:

Corner points | Coresponding value of

® o0 TW
T 0
vt p WP Maximum
ol -2
ohp -14
o 7 -28
il

o © Minimum

Hence, the maximum @boccurs at vt and its maximum value s v
Q. 12. The feasible region for an LPP is shown in the given Figure.

(12, 6)

oo,

(6,0)
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Let™O ow twbe the objective function. Maximum value@fs

@0 b)Y 8 (c) 12 -18)

Ans. Option (c) is correct

Solution: The feasible region as shown in the figure, has objective fun@iorow Tw

Corner points Corre“s(g)onc(yjdiongllglue of
T 0
P &y p © Maximum
it p ¢ Minimum

Hence, the maximum value @is 12 .

Q. 13. Corner points of the feasible region for an LPP e h oft h @fit h php and Ttv . Let
'O 1w @wbe the objective function.

The minimum value ofOoccurs at

(a) it only

(b) ofmt only

(c) the midpoint of the line segment joining the pointdt and offt

(d) any point on the line segment joining the poimig and offt

Ans. Option (d) is correct

Solution:

Corner points Corresponding value of

0O 10 0w
it p © Minimum
oftt p © Minimum

ol 24

Q. 14. The objective function & @ @ ¢of an LPP has maximum value 42 afp and minimum
value 19 atoft . Which of the following is true ?

@ oo p

(b)&d v ¢

(& of v

(d)o vhd o

Ans. Option (c) is correct

Solution: :  O® O

C 1T b TG
o0 CW P W

from (i) & (i) & ohd v

Q. 15. The corner points of the feasible region of a linear programming problenftafeyfit and

—h .Ifd o1 ¢ wisthe objective function, then, maximum value of@inimum value of Z is
I —————————
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equal to:
(a) 40 (b) 96 (c) 144 (d) 136
Ans. Option (c) is correct
Solution:® o ¢ W
At UM ® omyP ¢t 1 ¢ T Maximum
At it @ om T ¢T T Minimum
At —h & om— CT - COC
Maximum- Minimum
CTTMWe pTT

Q. 16. A Linear Programming Problem is as follows:

Mi ni mi se a Cw
subject to whehwcahstraints
O O T W PT

The feasible region has
(a) 5 corner points includingtit and v
(b) 5 corner points includingfx and ofo
(c) 5 corner points includingp tt and it
(d) 5 corner points includingsty and v
Ans. Option (b) is correct.
Solution: On plotting the constraints o, o wand® ® p Twe get the following graph.
From the graph given below it clear that feasible region is ABCDEA, including corner points
I ofit i ofit, 6 ofo HO xfx andO v .
Thus feasible region has 5 corner points includixly and ofo .
o

(0,14)

Eos)

A \(140)
30) 190

(3,3),

(0~1 B

2+y=14
x-y=0

Yy x=3 x=9

Q.17. The corner points of the feasible region for a Linear Programming problem are
0 v AL plw R Tl and"Yp &t . The minimum value of the objective functiGn ¢ow uLwis at the
point

(@) P (b) Q ©R (d)S
Ans. Option (c) is correct.
Solution:

________________________________________________________________________________________________|
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Corner Points | Valueof® c¢w vw

0 Tiv O ¢m LU CuU

0 ph ® ¢p LU CX

Y th ® ¢T V¢ p Minimum
"Yp g ® ¢pg UM QT

Thus, minimum value aboccurs atY tft .
Q.18. A Linear Programming Problem is as follows:

Maximise / Minimise objective function
O CO W UL
Subiject to the constraints

ow TwW QT
W 0w OT
W T T

If the corner points of the feasible region éredp o p & M ¢ it andd i, then which of the
following is true ?

(a) maximum value adis 40(b) minimum value of z i5

(c) difference of maximum and minimum values of z is 35

(d) At two corner points, value dfare equal

Sol. Option (b) is correct.

Solution:
Corner Points | Valueofd ¢ ® U
A(0, 10) . QT pT U 0 (Minimum)
B(12, 6) . ¢pPGC ©® U GO
C(20, 0) co¢g¢Tm 1 U T yUMaximum)
0(0,0) S 10 | S | SR VR

So, the minimum value a@bis -5.
Q.19. The corner points of the feasible region determined by a set of constraints (linear inequalities) a
0 v , 0 ofv AY ufm and"Ytfp and the objective functionis & & ¢ dwherecfto T The
condition ondand®such that the maximum Z occurs at Q and S is

(@d v T (b)) ow T C©® v T (o o T
Sol.Option (d) is correct.

Solution: Given, Max.. & CO®

Max. value ofoon0 ofv  Max. value ofddon"YTIp
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Q.20. For an L.P.P the objective functionis Tw ow and the feasible region determined by a set of
constraints (linear inequations) is shown in the graph.

Y
A
1004
F
H()\r (0, 80)
60 +
v(n,-a%
20 - (Q (30, 20)
R~ (60,0)
‘0\, % 1}& GNO 100
(40, 0)

Which one of the following statements is true?
(a) Maximum value of Z is at R.

(b) Maximum value ofdis at0 .

(c) Value of Z at R is less than the value at P.

(d) Value of Z at Q is less than the value at R.
Ans. Option (b) is correct.

Solution:
Corner Points of Feasible Region | Value ofgd Ttw oW
/ Tim TM Oomnm T
0t m I OTT PCT
Q(30, 20) TOT Oo¢ T p Ywaximum)
R(40,0) TTTM O POT

Thus, Maximum value abis at0, which is 180 .

Assertion/Reason Based Questions (Solved)

Direction: In the following question, a statement of Assertion (A) is followed by a statement of Reason|
(R). Choose the correct answer out of the following choices

(a) Both A and R are true, and R is the correct explanation of A.

(b) Both A and R are true, but R is not the correct explanation of A

(c) Alis true but R is false.

(d) Ais false and R is true.

Q. 1. Assertion (A): If the corner points of the feasible region for a linear programming problem are

0 rtt ,0 ph AY thp andYp & p , then minimum value of objective function co Twis at the
point2 Tip
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Reason (R): If the corner points of the feasible region for a linear programming ptbltem
0 pht AY thp and"Yp & p , then maximum value of objective function ¢® T®is 20 .
Ans. Option (b) is correct.

Solution:
Corner Valueof: co 1t
0 mh . CTm TT pPo
1 ph Cp TT Py
- S ¢T TP pg
2 tip O Minimum
~ - ¢pC T p Qm
3pap O Maximum

Minimum value is 12 at the poiét Tip ,
Maximum value is 20 at the poitp & p .

Q. 2. The corner points of the feasible region determined by a set constralnts (Ilnear inequalities) are
0 plp AL th 2 @fp and3 vky and the objectlve functionis & o o® dvherectd T

Assertion (A): The relation betwe@&sand,such that the maximum Z occur at P and @ is @

Reason (R): The relation betwe@andcsuch that the maximum Z occur at P and € is 00

Ans. Option (c) is correct.
Solution: Given Max. Z & @ 0® W
Max value of Z orD php  Max. value of Z orl th

or, O pP THO PO
00 0w
or, »

Q.3.The corner points of the bounded feasible region for an L.P.Rp dreh p ¢hth ¢ fo mand

T ft 1@ The objective function %o @ &  Thas maximum value 600 at points ¢ it and
ptom

Assertion (A): Minimum value ofd o T

Reason (R} ufld p m

Ans. Option (a) is correct.

Solution: : Mo ® dnas maximum value at pointg ¢ and ¢ fo 1t
So,pgat T @TAT W U.

Also,p 0 QUMM U O @GTT

} O OTNMMW P
C w vw pm
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CReason is true.

Now,® uLw p

Valueof Zatgofm v ¢@m m o 1% Minimum

ValueofZatpcht v p¢mm ¢@mnm

ValueofZat(60,30) v @m pTM CTT QT

ValueofZatt fym v TMPpMCM TMAM

CAssertion is true.

Hence, both Assertion & Reason are true and Reason is the correct explanation of Assertion.

Q.4.The corner points of the feaS|bIe region for an L.P.P tdreh vft h vlo h ofv h v and it .
The objective functiold G o @ p wKid mhas maximum value 1950 aifft and minimum
value 1550 atTtv .

Assertion (A): The value abatpoint ulw  p X T 1T

Reason (R): Maximum and minimum value occurs wken p fto  x T

Ans. Option (a) is correct.
Solution: & ®® O®® p wThas maximum value 1950 aifft .

SO, U PWTTP WUITIVW UL TE O P T
and@has minimum value 1550 aftv .
SO,T LW PWTTPULUT VW OCUFTW XTI

Co ptw xm

Also,valueof Zatulo pTm U XTT O PWNTP XTT
Hence, both Assertion & Reason are true and Reason is the correct explanation of Assertion

Q.5. Assertion (A): If the feasible region for an L.P.P. is bounded, then the objective functianwo

& dhas both maximum and minimum values.

Reason (R): A feasible region of a system of linear inequalities is said to be bounded if it can be enclg
within a circle.

Ans. Option (b) is correct.
Solution: Assertion is true by theorem.
Reason is also true but reason is not the correct explanation of Assertion.

Q.6. Corner points of feasible region arért h ofit and 1w and objective functiord Tt X

Y

G600\
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Assertion (A): Minimum value ofis 12.
Reason (R): Maximum value of Z is 21.

Ans. Option (d) is correct.
Solution: Thus, corner points aré: it I ofit andé o .Max. value oftbat corner points

@ Tm xm 719 Min.
W TGO XT pC
® TMm xXo ¢ Max.

Q.7. Assertion (A): The pointtly does not lie in the half planeof @0 ¢ 1 TU
Reason (R): The poinpft lies in the half plane af®d @0 ¢ T TU

Ans. Option (b) is correct.

Solution: Put Tht inTw @® ¢ Twe get

TT @®C GT PO PG QT

Pt
T Tt

Thus, point tht does not lie in the half plane.
Put plt inT® @b ¢ Twe get

TP @G GT T PG GT

PP CT
g T

Thus, point plt lies in the half plane.

Q. 8. Assertion (A): Feasible region is the set of points which satisfy all of the given constraints and
objective function too.

Reason (R): The optimal value of the objective function is attained at the poitaas only.

Ans. Option (c) is correct.

Solution: The optimal value of the objective function is attained at the corner points of feasible region.

Q. 9. Assertion (A)D Q¢ Q& Qi@ ¢ ™ subject to
® e ¢ co Yoo cw plod w ¢m
Out of the corner points of bounded feasible region ( 8,0f~ h-h and tip 1, the minimum value

of Goccurs at-h- .

Reason (R) :
CornerPoints [ & ¢ ¢m
i 160
il 125
C T
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115 minimum

& lox

s 200

Ans. Option (a) is correct.

Solution: Assertion (A) and Reason (R) both are correct and Reason (R) is the correct explanation of
Assertion (A).

Q. 10. Assertion (A) : The graphaf ¢ andw ¢ is in the first and second quadrants.
Reason (R):

Ans. Option (A) is correct.
Solution: It is clear from the graph given in the Reason (R) that Assertion (A) is true.
VERY SHORT ANSWER TYPE QUESTIONS (SOLVED)

Q. 1. Solve the following Linear Programming Problem graphically:
Maximizedd ow TW

Subjectto @ Tho Tmandw T

Sol. The feasible region is a triangle with vertitesiit , 6 tht andd it

A = (0, 4)
4}>
2,
“ 1
A
BY Q%O C = (4. 0)
1 d o

Lglgtloly

®W o M T M T

O o T T T p¢
® o nT T poO
Thus, maximum of Z is dt mit and the maximum value is 16.
Q. 2. Two tailorsp and6pe a r n 300 and 100 per day respe

ct

trousers while B can stitch 10 shirts and 4 pairs of trousers per day. To find how many days should each

of them work and if it is desired to produce at least 60 shirts apdiB2of trousers at a minimum labour
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cost. Formulate this as an LPP.
Sol. Letdo works forwdays and for wdays.

] oo pM QT
CSubjectto  T® TW 0OC
W T T

Q. 3. Find the maximum value of the functi®n v® owsubjected to the constrainks candw o.
Sol. Here, value of Z at the corner point (3,3) of the feasible region is 24 .

y23

-4 -3 -2 -1 12 3 4 NuESHEEESEES
x23

-2

Since, region is unbounded, so we draw the graph of inequalitycwy ¢ 1

Since, open half plane ofv 0w ¢ thas common points with feasible region.

So, maximum value does not exist.

Q. 4. The feasible region for an LPP is shown in the following figure. Then, find the minimum value of

W pEP X

=1

Sol. Here, the objective function:is p P xw and the corner points of the feasible region are
/ oft IO o and( v .

CAtY oft h W PPO X S gndAt0moR® PPT X O
GO pPT TX Cp

AtN (0, 5), W PP T X L OUL
Hence, the minimum value of Z is 21 which occurs at ginto .

Q. 5. A small firm manufacture necklaces and bracelets. The total number of necklaces and bracelets
it can handle per day is at most 24 . It takes one hour to make a bracelet and half an hour to make a
necklace. The maximum number of hours availabkleday is 16. If the profit on a necklace s 1t and

t hat on a bracel et i s 300. For mul ate an L. P|.
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KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 210

that



maximize the profit ? It is being given that at least one of each must be produced.
Sol. Letwnecklaces andbracelets are manufactured
CL.P.P is Maximize profit,
O p TGN O TGN
Subject to constraints

W W CT
gd)d)pqntb Cw O¢
oo p

Q. 6. A firm has to transport at least 1200 packages daily using large vans which carry 200 packages
and small vans which can take 80 packages each. The cost for engaging each large vaand each
small van is ¢ Tt.Mlot more than ofrt 11 ig to be spent daily on the job and the number of large vans
cannot exceed the number of small vans. Formulate this problem as a LPP given that the objective is
minimize cost.
Sol. Let number of large vanswand number of small vans w
Minimize costqd T TG C TIGB

Subject to constraints

¢Tan Y pgTOMWW (W OTI

W W
T TGN CTON CTMTOTLW W P U
w T T

Q. 7. Determine the maximum valuedf p @ xwsubject to the constraints® ® ¢@hw ¢ho
o T

Sol. We have,

Maximise® p @ X0

Subject to the constraints,

IORR O O3
30

Tt

We see that, required area is the shaded region determined by the system of constraints (ii) to (iv) is
0 0 6 and is bounded. So, now, we shall use corner point method to determine the maximumdaalue o
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Corner points Corrchspondmg value of

o ¢
T 0

qdus 22

4 36

Tthp T © Maximum

Hence, the maximum value dfis 42 at Tt .
Q. 8. Maximizedd o0& T« subject to the constraints: @ pho T T
Solution. Maximise® ow TW

Subject to the constraints,

® ® pho mo

The shaded region shown in the figuré)a8 és bounded and the coordinates of corner paifitsand®
are 1t h pfit and 1ip , respectively.

Corresponding value

Corner points " . ;
ofd ow TW

TUTT 0
phrt 3
Tip T O Maximum

Hence, the maximum value dis 4 at Tip .
Q.9. Maximize the functiod p @ X subject to the constraints: ofto  ¢hio mhw T

Solution. Maximize® p @ X®&
Subject to the constraint, ohw chw 1o T
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The shaded region as shown in the figuré as 6 i8 bounded and the coordinates of corner points are ( @
,thofit holt and it , respectively.

Corner points Co”‘ijpogdigg \)/(?,’Lue of
T 0
ofmt 33
ofg T )0 Maximum
it 14

Hence, Z is maximum apfg and its maximum value is 47.

Q.10. Minimised p @ p subjectto the constraintsr &  xftw ow ¢ mw o T
Sol Minimise® p ® p ®
Subject to the constraints,

® o Xtw ow ¢ mw mw T

y
N
(0/7)\'
BG,4)
0,2)C
AQ,0)
i ey
X< 3,0 [0,0) N
2-pt6=0 Y E

The shaded region shown@s 6 6 bounded and coordinates of its corner points dre h xft h oft
and Tig , respectively.

Corner points gfoJiresporldmg v'alue

TUT 0
XI 91

KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 213




oft -21

TiT o 1® Minimum
Hence, the minimum value &fis ¢ Tat Tt .

Q. 11. Determine the maximum valuetof ow Ttwif the feasible region (shaded) for a LPP is shown
in given figure.

¢
A

|
D R

o

Sol. Herecww & p mand¢® Tw p L iQtersectat %t 1 @.

As clear from the graph, corner points &i®HO and’O with coordinatestim hu ¢t hp Thw @and 1
38), respectively. Also, given region is bounded.

Corner points OCfo(;)resgg)ndTg) value
Tt 0
v & 156
Tipo P W@ Maximum
mto ¢ 152

Hence, Z is att 1p ¢is maximum and its maximum value is 196.
Q. 12. For the LPP,
- AGEIGE QB ow

The coordinates of the corner points of bounded feasible regioh aie A ¢ fo FA¢ fp O p §p ¢
andO p & ¢. Find the maximum value @b,

Sol.

Comer Points N W ow

0 oo @ pu

6 ¢ fo O Tw
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bcgtpm W X
Opipg O X © Max.
Op g G om

Thus, maximum value of Z is 72%tp p c.

Q. 13. The sum of two positive integers is atmost 5. The difference between two times of second num
and first number is at most 4 . If first numbetiand second number dg then for maximizing the
product of these two numbers, formulate LPP.

Sol. The required LPP is Max.

Subject to:

q)

€€ € & &
93 -cege

Q.14. If a 20 year old girl drives her caratE i(7E, s h e h a sJE{ an peirql. & shd drives her

ber

car att TE [7E, the petrol costincreasestofEi. She has 200 to spend|or
the maximum distance she can travel within one hour. Express the above problem as a Linear
Programming Problem.
Sol. Let the distance covered with speed of ITE  GE | and the distance covered with speed of
TTEITE QEI
Total distance covered G E |
The L.P.P. of the above problem, therefore, is
Max i mi e

Subject to constraints

TW VW CTT

W W

UTT T T P

0w

CLU T T P

w Tho T
Q.15. A shopkeeper deals in two items | | hangings and artificial p |

space to store atmost 80 pieces. A wall hanging costsdimand an artificial plantp v.mee can sell a
wall hanging at a profit ofu Tand an artificial plant at a profit op YAssuming that he can sell all the
items that he buys, formulate a linear programming problem in order to maximize his profit.
Solution. Letwbe the number of wall hangings amtbe the number of artificial plants that the dealer
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buys and sells. Then the profit of the dealerisv ™ p ¢a which is the objective function.

As a wall hanging costso 1t and arartificial plant cost p v,1he cost ofowall hangings andartificial
plants isc Ttat p v We are given that the dealer can invest atmpst 11.1HENCE, the investment
constraint is

CTIL PUWDT PUTIMTE®. W PTT
As the dealer has space to store atrB0gtieces, we have another constraint (space constraint):
W 0 YT

Also the number of wall hangings and artificial plants can't be negative. Thus we have-tiegatvity
constraints:

o Tho T
Thus the mathematical formulation of the L.P.P. is :
Maxi mi neb p@posubject to the constrai
Cw @ prmw @ Y 1o 7

Q.16. A retired person wants to invest an amount of uptax Tt.71H1$ broker recommends investing in
two types of bondé andd, bondo yielding Y Preturn on the amount invested and béngieldingx b
return on the amount invested. After some consideration, he decides to invest atleastrbondo and
no more than Y 1t mimbondd. He also wants to invest atleast as much in faoad in bond .
Formulate as L.P.P. to maximize his return on investments.

Solution. Let the person invesbin bonds of type A andwin bonds of type B, then his earning i.e.
return (in )

O Ybotv xPbPotdo ™8 T8 R
As the person can invest wupto 20000 , so in
W W (N8
Other investment constraints are
® U Tt PTG @

Non-negativity constraints a® 1o Tt
Thus, mathematically formulation of the L.P.P. is
Maximize: T8t ¢b T8t Yosubject to the constraints

W O ¢ Tmnhbro e @i oo o

Q.17. (Manufacturing problem) A manufacturer produces nuts and bolts for industrial machinery. It tak
1 hour of work on machin@ and 3 hours on machigeto produce a package of nuts, while it takes 3
hours on machine and 1 hour on machireto produce a package of bolts. He earns a profit@f 1
I —————————
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per package on nuts and per package on bolts. Form a linear programming problem to maximize his
profit, if he operates each machine for atmost 12 hours

Solution. Suppose thaipackages of nuts ardpackages of bolts are produced. The objective of the
manufacturer is to maximize the pradit ¢® ™ p&n

Time required on machine A to produo@ackages of nuts andpackages of bolts g8» 080

ow while time required on machine Bag&o p& 0w ®

From given data, we can formulate the L.P.P. as:

Maximize: ¢®w wsubject to the constraints

w ow p¢ (Machine A constraint)
ow w p¢ (Machine B constraint)
w mw m™ (Nenmegativity constraints)

Q.18. A manufacturer has three machitie&) and0 installed in his factory. Machinés and0 are
capable of being operated for atmost 12 hours, whereas machimest be operated for atleast 5 hours a
day. The manufacturer produces only two items, each requiring the use of these three machines. The
following table gives the number of hours required on these machines for producing 1oumittof

Number of hours required on the machines
Item
0 0 0
0 1 2 1
0 2 1 v
T

He makes a profit of@ Ton itemo and 1 TON itemd. He wishes to find out how many of each item he

should produce to have maximum profit. Formulate it as L.P.P.

Solution. Let the manufacturer produbenits of itemo andwunits of itemd. As he makes a profit of
60 on one item of A and 40 on one item of

O @eWm T

From the given data, we can mathematically formulate the L.P.P. as
Maximize: @ ™ T 1Subject to the constraints

W Ccw p¢ (Machicneenstraint)
Cw w p¢ (Machimenstraint)

v
() ?cb V(Machicmeenstraint)

w 1w m(Nermegativity constraints)

Q.19. (Diet problem) A diet is to contain atleast 80 units of vitaimamd 100 units of minerals. Two
foods™O and™O are available. Foo® costs 1 per kg andO costs v per kg. One kg of foodD contains
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3 units of vitamind and 4 units of minerals. ON@"@f food "0 contains 6 units of vitamit and 3 units

of minerals. We wish to find the minimum cost for diet that consists of mixture of these two foods and
also meets the minimum nutritional requirements. Formulate this as a linear programming problem.
Solution. Let the mixture consist afE ©f food& andwE ©f food & .

We make the following nutritional requirement table from given data :

Food (in kg)
Resources

O O Requirement (in units)
Vitamin A (units/kg) 3 6 80
Minerals (units’kg) | 4 | 3 100

Minimum requirement of vitamin A is 80 units, therefore,
ow Qe YT
Similarly, the minimum requirement of minerals is 100 units, therefore,
TW 0w PTT
Also o Tt T
As cost of food& is T per kg, and the cost of fod is v per kg, the total cost of purchasicd: ©f
food& andwWE @ffood& is: Tw LK
which is the objective function.
Hence, the mathematical formulation of the L.P.P. is :
Minimize: Ttw vwsubjectto the constraints
o ¢ Yhew o pmro mo
SHORT ANSWER TYPE QUESTIONS (SOLVED)
Q.1. Solve the following linear programming problem graphically:
Maximize and minimize @ ™ p wWsubject to the constraints
® W vl O i
Solution. We draw the lingd ® v fow & w Tand shade the region satisfied by the given
inequalities. The shaded region in the adjoining figure shows the feasible region determined by the gi
constraints. We observe that the feasible region OABC is convex polygon and bounded. So we use th
cornerpoint method to calculate the maximum and minimum valug of

Y

N\{C(0\50)

B(20, 30)

0 A\(30, 0) X
x+y=50
3x+y=90

The coordinates of the corner pointd H' ¥ are Tt h o 1t h ¢ fo mand v Ttrespectively. We
evaluate @ ™ p wat each of these points.
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. Value of objective function
Corner point

P P
Tt O Smallest
ot p U tPriLargest
¢ fom 1650
v Tt 750

Hence, the minimum value dfis 0 at the pointriit and maximum value abis 1800 at the point
o fi.

Q.2.. Find graphically, the maximum valuedf ¢ U subject to constraints given below:
CO Tw Yow © o o tho 1o T
Solution. We are required to maximide ¢® v subject to the constraints:

Cw TW Yi &. o T
o ® o ® The 1O T

Draw the linesh ¢ T (passes through fit h it );

ow ® @(passeschhmpough
®w o T(passesthithmiough

Shade the region satisfied by the given inequalities.

e P - >
¢ A
° @ 0) \* X

YV

The shaded region in the adjoining figure gives the feasible region determined by the given inequalitigs.
Solvingow ® @and®w ¢w T simultaneously, we get

P ¢

®w —anaw -
1) v

We observe that the feasible region OABC is a convex polygon and bounded and has corner points
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/ mimhA ¢hth'

cle
cTs

a n#l it

The optimal Solution occurs at one of the corner points

At/ mtmh ¢8 udt Tt

at! ¢cmh ¢& u8t T

atd6 -h o ch uvh —;

at# it ¢8t v& pm

Therefore, Z has maximum value at C and maximum valpert

Q.3. Solve the following linear programming problem graphically:
Minimise: ow vwsubject to the constraints:

® w pfw & oo o Yoho
Solution. We are required to minimise ow L subject to the constraints:
® cw pfw & oo & Yo mw

Draw the linesh ¢w p o © @ando® o s
Shade the region satisfied by the given inequalities.

=
A

(10,0)

The shaded region in the adjoining figure gives the feasible determined by the given inequalities.
Solvingw cw p randw w @simultaneously, we get

w canad T8

Solvingw @ @andow w Y
simultaneously, we ged pho  v.
We observe that the feasible region is unbounded and the corner points are

| p A cht # plv a n®l mhy
At the corner points, the values of Z are :

________________________________________________________________________________________________|
KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 220




abptmhd opmudt omn
abchhd o8 v8 co
abphhy op v® cyY
aomphy o8t vy T T

The smallest value @bis 26 atd clt .

As the feasible region is unbounded, we cannot say whether the minimum value exists or not.

To check whether the smallest value 26 is minimum

We draw the half planew vw ¢ @and notice that there is no common point with the feasible region.
Hence, 26 is indeed the minimum value.

Hence, the given objective functioh o vwhas minimum value 26 &t ch .

Q.4. Maximize and minimize vw p Subject to the constratints

® Ccw pclp o @fw co T o T
Solution. Maximize and minimizé vw p subject to the constraints

® Cw pclw w @iw co mro o T

Draw the linesh ¢ pcld & ¢ mandw ¢ 1T shade the region satisfied by the given
inequalities.

YN
o ), Ay

@0, 0

el
0 x\ B X
(60, 0) (120, 0)

The feasible region is polygan 6 6, @hich is convex and bounded. Corner points of feasible region ar¢
O pcmh ¢ fo mandO 1 fr 1

The values ofd0 v p tat the points A, B, C and D are 300, 600, 600 and 400 respectively.
Minimum value o mmatd ¢ fit, maximum value @ mad p ¢hw andd ¢ to 1t
In fact, all points on the line segméntgive the same maximum value@ 1.1t

Q.5. A furniture trader deals inonly twoitesash ai r s and t abl es. He has
store atmost 35 items. A chair costs himm mand a table costs hing 1t wThe trader earns a profit of
150 and 250 on a chair and a tabl e, respe

maximise the profit and solve it graphically.

Solution. Letwbe the number of chairs adibe the number of tables that the dealer buys and sells. The
profit on a chair is p v and the profit on a table i€, v.180, total profi0 p var ¢ vamHence, the
problem can be formulated as an L.P.P. as follows:

Maximise0 p var ¢ vasubject to the constraints
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W W ov
epnmbnc TITOMT L TTTT T TT
W CWw LT
© T T

Draw the lineso w o wandw ¢w v Tshade the region satisfied by the given inequalities.

The shaded portion shows the feasible region which is bounded. The point of intersection of the lines
w ownde Cw ULTS" ¢ 1pu.

The four corner points of the feasible region OABC/argm i o @t H' ¢ 1p v and# Tt .

At imMM pumm Ccunm T

At! cbm puUTMOU QUMM UVCUT

At" ¢ fpufD puTMCM CUTPU PXULT

At# it UFD PpU MM CUTGCU GCU T

We find that P is maximum &t ¢ fp v and maximumvaluedd @ X v Tt

Hence, the dealer gets maximum profit @f x vwhen he buys and sells 20 chairs and 15 tables.

LONG ANSWER TYPE QUESTIONS (SOLVED)

Q. 1. The linear programming problem is as follows:
Mi ni itz & :

Subject to the constraint,

v Gw PCTT

CTMIMW W QT

w0 T T
(@) Find the values abandwfor which the value of the objective functiontb ¢ 1bis the least. Justify
your answer.
(b) Can the objective function have its minimum or maximum value at any of j@infts 1t ftOp 1,7t
o 1t 1or 'Op Tl 1t TANd why?

Point 'omnl " T # 1 $pun ' pmm
1 eommn| emmM| pUT| T

Value of

objective 15000 | 30000 | 12000 | 10500 | 9000

function at

the point
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Concept: If the feasible region of a linear programming problem whered & © ds an objective
function and constraints are linear inequalitie&andwis bounded, thed has both a maximum and
minimum value in R and each of these occurs at a corner po¥it of
Sol. Coverting the given inequations into equations, we get

v QW PCTT

W W oOmT

W W emT

W Tand T

Now on drawing these lines on graph we obtain following graph:

G 0ec
N

59973
/) /
-//

W& - . o) G

it AIA 4
100 2000 300024D00S 2100 Bat/A2007% .4

22000 =100 0

From graph it is clear that we have corner points of the shaded feasible regio6 éréded o i,
6 ¢ i hd Ty 1T TANdO p viPL T

These points have been obtained by solving the equations of the corresponding intersecting lines,
simultaneously.

The values of the objective function at these points are given in the following table:

Value of the objective

Point aw function & vw Cw

¥ o T 15,000

" mhp Tt | 30,000

# mip Tt T | 12,000

$ p vipru | 10,500
p thtt it| 9,000

Clearly, Z is minimum at poi® p viptu 1

The minimum value ofis 10,500 .

Here the poinD @ p v andw p v TS the optimal feasible Solution of the given LPP specifying the
value of the objective function is the leaseimong the 4 corner points of the feasible region.

Note: Here pointOis out of feasible region.

In Option (B) Constrainé ¢w Ydoes not validate the data given in question.
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In Option(C) Both Objective function and constraints are incorrect.
In Option (D) both objective function and all constraints are incorrect as these do not validate the data
given LPP.

Q.2. A manufacturing company makes two types of teachinga@sl6 of Mathematics for class X.
Each type of A requires 9 labour hours for fabricating and 1 labour hour for finishing. Each type of B

requires 12 labour hours for fabricating and 3 labour hours for finishing. For fabricating and finishing, tLhe
0

maximum labouhours available per week are 180 and 30 respectively. The company makes a profit
Y Ton each piece of typ@and p ¢ on each piece of typ®. How many pieces of type A and type B

should be manufactured per week to get a maximum profit? Make it as an LPP and solve graphically.

What is the maximum profit per week?

Solution. Letwandwbe the number of teaching aids of typand typed respectively.

As the profit on the type A of teaching aid i

so,the total profito Y ™ p g

Hence, the problem can be formulated as an L.P.P. as follows:

Maxi mi §ge& p qux

PQ pYim.oe. Tw QT
ow OT

o Tmw T

Subject to the Consraints 0

We draw straight lines® 1w @ fto 0w o mand shade the region satisfied by the above
inequalities.

The shaded region shows the feasible region which is bounded. The point of intersection of thee lines
W @emanad o om %Spdy

The corner points of the feasible region OABC/arafmt A ¢ fit ' p & and# rip 1 The optimal
Solution occurs at one of the corner points.

At/ tmh Ymnm m pCmIM T

At! ¢ifmh yYynmempgnn poemn

At" ph Ympc pgme poum
|
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At ip Thd YT T PCTPT PCHT
We find that value ofdis maximum at) p & .

Hence, the manufacturer should produce 12 aids ofttygred 6 aids of typé to get a maximum profit
of 1680

Q.3. A manufacturer has employed 5 skilled men and 10-skiffdd men and makes two modeélsind

0 of an article. The making of one item of modelequires 2 hours work by a skilled man and 2 hours
work by a semskilled man. One item of model B requires 1 hour by a skilled man and 3 hours by a se
skilled man. No man is expected to work more than 8 hours per day. The manufacturer's profibbn iten
model0 is p uwand on an item of modélis p mHow many items of each model should be made per
day in order to maximize daily profit? Formulate the above LPP and solve it graphically and find the
maximum profit.

Solution. Since each man skilled or seskilled works forat most8 hours per day and 5 skilled men and
10 semiskilled men are employed, so the maximum number of skilled working hours available

v Y 1 Tand maximum number of serskilled working hours available p 1 ¢ @ ilf witems of
model A andwitems of model B are made, then the LPP is maxidisep 60 p 1subject to
constraints

Cw ®w TR od Yo o

We draw the straight lineso @ T Tand¢w ow Y rand shade the region satisfied by the above
inequalities.

O (20,00 A\ (30,00~  x

The shaded region shows the feasible region which is bounded. The point of intersection of ¢e lines
®w Trmand¢w ow YTs" p T

The corner points of the feasible OABC argim i ¢ fit A p ft mand# mh— . The optimal

Solution occurs at one of the corner points.

At/ tmh puv m pm T T

at! ¢fmh puvcmpnmm omn

atd pR T pULU PT PTCT OUT

atd h— o puv m pm— — C QO
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We find that the value abis maximum at p ft 1t
Hence, the manufacturer should produce 10 items of model A and 20 items of model B to get maximu
profit of 350.

Q.4. A company manufactures two typecafdiganst y pe A and type B. It c
cardigan andp ¢ to make a type B cardigon. The company can make atmost 300 cardigons and spen
at most 72000 a day. The number of cardigons

A by more than 200. The companyofmakgpeaApandi
cardigan of type B. Formulate this problem as a linear programming problem to maximise the profit of
company. Solve it graphically and find maximum profit.

Solution. Letwcardigons of type A andcardigons of type B be manufactured per day by the company,
then profprmw Bm(in )

Hence, the problem can be formulated as an L.P fellaws:

Ma x i i pewn v 1

CQEW PCUIL XCTMMNTO®. W QT
subject to the constraintsy @ O T T

W W CTT

o 1w T

Draw the lineow © @ mfd & o mando o ¢ 1and shade the region satisfied by the above
inequalities.

=Y

The shaded portion OABCD shows the feasible region, which is bounded.

The corner points of the feasible region Aaretft , 6 ¢ mht p viprv 16 v ft v TaNdO it T @
The values of P at the corner points are :

at/ im0 pmnm v M TC

at! ¢ pHNMNCMMUTT T ¢ MM

at" pulmru 0 PMTMPUTMULUTM PUTCCUTT

at#vufg v PTMMUM UM CUTPYXUTT

at$ it M0 PMMM VT CMTP MM

We note that the value of P is maximum at the point B .
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Hence, maxi mum profit = 22500 by manufactur.i
B.

Q.5.. A manufacturer makes two produc+thsyyto A an
mak e . Product B sell s at 300 each and takes
productd and 16 units of product. A working week consists of 40 hours of production and the weekly
turnover must not be |l ess thans 1Q@M®0&.ndl font lpe

then how many of each should be produced so that the profit is maximum? Also find the maximum pr¢
Solution. Letwandwbe the number of units of products A and B respectively manufactured (and sold),
then total profi0 ¢ ™ om( i n ) .

Hence, the problem can be formulated as an L.P fellaws:

Maxi nMdi zxab o1
QTN CTIN P TTMITE®. OW P TUTT
subject to the constraints . . . .
-0 P& T .ee .Cw YT
© ptw pw mw T

We draw the straight linexo o0 p m® ¢w Yiw p tandw p @nd shade the region
satisfied by the above inequalities.

x=14

* 5
-
¥

& y=16

Ny
Pl

0 (50, 0) (80, 0}~ X

The shaded portion shows the feasible regian 6, @hich is bounded. The corner points of the feasible
region ABCD ard ¢ @ o' T @p ¢, 6 p to candO p fr T.

The optimal Solution occurs at one of the corner points.

At'lD ¢TmCe oI PpP@ PTIT

At"FD ¢cmTyYompe pTIT

At#0D ¢mpt om oo pCXTI

At$I0 ¢mpPpT OCMCT PINAT

Hence, the manufacturer should produce 48 units of product A and 16 units of product B. Maximum
profit is 1440

Q.6. A manufacturer has three machines I, Il and Il installed in his factory. Machines | and Il are capa
of being operated for atmost 12 hours whereas machine Il must be oria@sls hours a day. He
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KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 227

ng

om
Dfit.

ble




produces only two item$ and( each requiring the use of all the three machines. The number of hours
required for producing 1 unit of eachiofand( on the three machines are given in the following table:

Number of hours required on machines
ltems
O ‘00 ‘000
0 1 2 1
0 2 1 1.25

He makes a profit ofg mand 1 1 0N each item ob and0 respectively. How many units of each item
should he produce so as to maximize his profit assuming that he can sell all the items that he produce
What will be the maximum profit?

Solution. Letwunits of item M andounits of item N are produced by the manufacturer, then the problem
can be formulated as an L.P.P. as follows:

Maxi mi ze t hd o f ndsubject to the donstraints

W Cw pg¢ (machine | constraint)

Cw W pg¢ (machine |1 constraint)

pw p& ® v (machine 111 constraint)
i . et vw ¢ h

o 1o T (nomgativity constraints

Draw the linesh ¢ p €cw @ p @ndtw uvw ¢ Ttand shade the region satisfied by the above
inequalities.

D ™~ \
{0, 6)

. \\_" o
2 NS
(© 4}) d:’\'?\ S
U, -, 0\\ ~
—_— T —- S
o A 'B(6O) 127

(5.0)

The feasible region is the polygon ABCDE , which is convex and bounded.
The corner points afe vit i ¢t R th ,'O mip andO Tt .

The values ofdat the corner points are :

atd Umhd @MMU T MMM OMTNT

at" gmh @mmE TNAN CQENT

atd th o emmt TnNmt TANT

atOrmp hd @mmnm T MmN ¢TI

at%mit Y @UTMm TMANT PO

CMaximum profit T TT,Twiten 4 items of M and 4 items of N are produced.
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CASE-STUDY BASED QUESTIONS (SOLVED)

Q.1.Read the following text and answer the following questions on the basis of the same:

A company produces soft drinks that has a contract which requires that a minimum of 80 units of the
chemical A and 60 units of the chemical B to go into each bottle of the drink. The chemicals are availg
in a prepared mix from two different suppliersipBlier“Yhas a mix of 4 units a¥ and 2 units ob that
costs p 1the suppliefYyhasamixof luntoband 1 unit of B that <cost
purchased from suppli€¥andwunits are purchased from supplier T.

On the basis of this information, answer the following questions.

() What is the total cost of purchase form both the Suppliers, represent this in equation form?
Sol. Supposeyunits of mix are purchased from suppligandwunits are purchased from suppli&r
Totalcosty p ™ TW

(i) Write the minimum requirement of chemidain equation form?

Sol. The minimum requirement of chemical A per bottle is givertty: w (1@

(iii) Write the minimum requirement of chemiaalin equation form?

OR

How many mixes fromYand”Yshould the company purchase to honour contract requirement and yet
minimize cost?

Sol. The minimum requirement of chemical B per bottle is givendoy : @ 1@

OR

The given data may be put in the following tabular form:

Supplier/ S T Minimum
Requirement

Chemical A 4 1 80

Chemical B 2 1 60

Cost per unit pr| T
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T W YT
® T T
Cde 6 P 50| O 0 | 60
, ko 0 @T
[‘C(O,SO)

Al
20+ \ B(10,40)
s
ad
Wy A(30,0)
10 20\30\\0 50 60
l1:4x+y=8

Vertices of feasible region atec fit v p ft mand# i 1t

Point ¢ Value of objective function
O pD TW

0 o W PMOTMT T OTTI

Dphim |O pmpmInNT CQT

6 Ty 1T W PTM T T YT O
Clearly,is minimum at p ft 1 The feasible region is unbounded and the open half plane representef
byp ™ tw ¢ @ does nothave points in common with the feasible region. So, Z is mininm at
p fto 1 mHence® p fto T TiS the optimal Solution of the given LPP. Hence, the cost per bottle ig
minimum when the company purchases 10 mixes from supplier 5 and 40 mixes from supplier T.

Q.2. Read the following text and answer the following questions on the basis of the same:
Ramesh rides her bike atE I 7E. She has to spend 2 per km on
oft TEITE, the diesel cost increases to 5 per k
with speed; E ITEand®E | with speed TE 7E. It is given that objective function is Mak.
@
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(i) Write the objective function for given LPP.

Sol. Objective function for given LPP is: Max ®

(ii) Write the set of constraints for given LPP.

Sol. Subject to constraints:
C LW PTT
W W
CULU T P
aw T

(iif) Draw the graph for feasible region. OR
Write the corner points of feasible region and find maximum value of objective function.

Intersection pointofw vw p mand— — pisE.

On solving the equations, we get the coordinates of E-afe-

KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 231




OR
So corner points of LPP are: it A" tit ni¥ ¢ &t h —h—

Corner points| value ofgd @ U
Tt 0

mit Tt 20

q i 25

U—TrL)T—n o 1® Maximum
o o

Q.3.A manufacturer produces two Models of bikes Model X and Model Y. Model X @akesihourso
make per unit, while Model Y takes 10 rlanurs per unit. There is a total of 450 rfeours available
per week. Handling and Marketing costs agét 1t and pht 1t per unit for Modelgb andd respectively.
The total funds available for these purposes grédrt 1t per week. Profits per unit for Modedsand
are pht mand v 11, mespectively.

The feasible region of LPP is shown in the following graph.

(i) Write the equation of liné &

Solution: From the givengragho x vand0 6 T UL
The equation of lin@ 6is— — p

.00 VW ¢ CU

(i) Write the equation of line CD.
Solution:From the givengrap 6 T Tand0 O Y

The equation of in@ As— — p
e, w YT
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(iif) Write the coordinates of point E.

Solution. On solving the equations of lines AB and CD, we get the coordinates of point & et
(iv) Write the constraints for L.P.P.

Solution: Let the manufacturer produegesumber of modefy andcnumber of moded bikes. Modelkw
takes 6 mathours to make per unit and model Y takes 10-maurs to make per unit.

There is total of 450 mahours available per week.

C @O P TUT
t ow LW CCU

For modelsd andd, handling and marketing costs ardtt 1T and plt 1T, mespectively, total funds

avail able for these purposes are 80,000 per
C ¢mmom ptmanr Y
t Cw W g1
Al s o, @ T T

(v)How many bikes of mode&b and modetv should the manufacturer produce so as to yield a maximum
profit?
Solution: The objective function for given L.P.P. is

QO P TTWITU T

From the shaded feasible region, it is clear that coordinates of corner points are ( 0,0 ), €4&0r),
and it .

Corner points| Value ofdd p Tt WTT LU TG

THTT 0
T 1 T I 7T Mt Maximum
- ctminmpmnnt mmnn
Cwm N Maximum
it v 22,500

So, the manufacturer should produce 25 bikes of moadeld 30 bikes of modébto get a maximum
profit of 40, 000.

HOTS QUESTIONS (SOLVED)

Q.1. A diet is to contain atleast 80 units of vitamin A and 100 units of minerals. Two'@add™O are
available. FoodO costs 1 per unit andO cost @ per unit. One unit of footD contains 3 units of

vitamin 0 and 4 units of minerals. One unit'@f contains 6 units of vitamia and 3 units of minerals.
Formulate this a linear programming problem and find graphically the minimum cost for diet that cons
of mixture of these two foods and also meets the minimal nutritional requirements.

Solution. Letwunits of food& andwunits of food& be mi xed and Z (i n ) b
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then the poblem can be formulated as an L.P.P. as follows:

Minimize
T QW subject to constraints
0w Qe YTt (vitamin A constraint)
TW 0w PTT (minerals constraint)
0 Tho T (nmegativity constraints

Draw the lineow @w Y mndtw ow p 1,7@nd shade the region satisfied by the above
inequalities.

The feasible region (unbounded, convex) is shown shaded.
The corner points atfe —hrt ,6 ¢ t+ andd mTh— .

At! —lmh — pmg
a" ¢chh we ¢ - we Y pIt
até mh— hd ¢ m.m

Among the values of Z, the least value is 104.
We draw the lingew @w p 11 Shown dotted in the given figure) and note that the half plane
@w p T has no common point with the feasible region, thereforegs minimum value. Minimum

value oféis 104 and it occurs at the point ¢ - .
Hence, the minimum cost of the diet [ T when we mix 24 units of foo® and- units of food& .
Q.2. There are two types of fertilisei® "and '6 '. ' A ' consists op ¢ mitrogen and) Pphosphoric

acid whereasd ' consists of Pnitrogen and) Pphosphoric acid. After testing the soil conditions,
farmer finds that he needs atleast 12 kg of nitrogen and 12 kg of phosphoric acid for his ctops. If

costs p Tperkg and6 ' costs 8 per kg, then graphicall
should be used so that nutrient requirements are met at a minimum cost.
Solution. LetwE @f fertiliser AandwE @ f fertiliser B be used and

fertilisers, themd p ™ Y The problem can be formulated as an L.P.P. as follows:

Minimisew p ™ Yw

subject to the constraints

I —————————
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. T , .
—w —W PG .08. W OTT
PTT PTT
v | v , .
—n —® 0B . T
PTT PTT Pq G
W T TI

Draw the lineow « o o & ¢ T and shade the region satisfied by the above inequalities.

YA

‘\
Y
.
N

0

The feasible region (unbounded, convex) is shown shaded. The corner points af@H' o fg p 1
andé mio T T

The values of Z at the corner points are :

at! ¢cthth pmrmcgtnm ¢TI @m

at" oftphi pmony CcpmpwYTm

atd Momfd ¢ omnmm ¢TIT

Among values oy, the least value is 1980 .

We draw the linp © yw p w Y(shown dotted in the given figure) and note that the half glare
yw p w yghas no common points with the feasible region, therefohas minimum value.

Minimum value ofédis 1980 and it occurs at the pointo ft p T
Hence, the minimum cost of the fertiliser g w Ywinen he uses 30 kg of fertiliserand 210 kg of
fertiliser B.

Q.3. A dietician wishes to mix two kinds of foatand®in such a way that the mixture conlains atleast
10 units of vitamidfp qunils of vitamind and 8 units of vitami®. The vitamin contents of one ky food
is given below:

Food | Vitamin A | Vitamin B | Vitamin C

D) 1 unit 2 units 3 units

W 2 units 2 units 1 unit

One kg of foodw costs ¢ tand one kg of foodcosts o @Using linear programming, find the least cost
of the total mixture which will contain the required vitamins.

Solution. LetwE @f food XanddDE @ f f ood Y be mixed and Z (in
food, then the problem can be formulated as an L.P.P. as follows:

I —————————
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Mini mi sew o@
W Cw pT

subject to the constraints Cw CW PG .c2.W @
ow 0w Y
w0 T T

The feasible region (unbounded, convex) is shown shaded in the figure given below.

The corner points afe p fit A ¢t W plv and$ Ty .

The values ofd( i n ¢ ™ o gatthe corner points are:

ad ptmhd ¢t1 pmoge m ¢1;M

at" ¢chih ¢t ¢ o1 pwht#ph i ct p ocouv ¢mut$ Mph ct 1

o Y ¢ Y;ydmong these values of Z , the minimum value is 192.

Wedraw the ling m o@ p wice.cw ow p ¢gshown dotted) and note that the half plgae

ow p ¢ghas no common point with the feasible region, therefore, Z has minimum value.

The minimum value of Z isp wand it occurs at the poifit ¢hr .

Hence, the least cost of the mixture s w when the dietician mixes 2 kg of fodaland 4 kg of foody.
MULTIPLE CHOICE QUESTIONS (UNSOLVED)

Q. 1. Which of the following is a vertex of the feasible region bounded by the inequalities, ¢w
ow @anduvw oW pUL
(a) mit (b) M (c) ofm (d) All of these

Q. 2. For the constraint of a linear optimizing function @ ® givenby® & plod ®@ o
andw 0 T

(a) There are two feasible regions (b) There are infinite feasible regions

(c) There is no feasible region (d) None of these

Q.3.0 Xxw @ subjecttwe & UL @ o T T The minimum value adoccurs at
(a) ofm (b) -h (c) xfm (d) v
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Q.48) ¢t ¢ ™,subjecttad mw MWW O Yoo cw pwO w ¢ nThe
minimum value of Z occurs at

(@) yim (b) -h— (c) -h (d) rip 1O

Q. 5. Letwandwbe optimal Solution of an LPP, then
(@& _ & p _ «hnYisalsoan optimal Solution.

(b)®d _w p _adamr _ pgives an optimal Solution.
©® _& p _dam _ pagivesan optimal Solution.
(dd _w p _ ch M Ygives an optimal Solution.

Q. 6. How many of the following points satisfy the in equalitly ow v ?

pph pphph ph phph cphch ph plt AT Ach p 8
(a)3 (b) 5 (c)6 (d) 4
Q. 7. The position of point$ it and0 ¢h ¢ in the region of graph of inequatiorte 0w v will
be
(a) O and P both inside (b) O and P both outside
(c) O inside and P outside (d) O outside and P inside
Q. 8. If the number of available constraints is 3 and the number of parameters to be optimized is 4 , th
(a) The objective function can be optimized (b) The constraints are short in number
(c) The Solution is problem oriented (d) None of these

Q. 9. The necessary condition for third quadrant regian éplane is:
(@w mw T o mo T () mw (o 1o T
Q.10.For the following feasible region, the linear constraints are:

Y
4
\

~N

—X

x+3y=11
3x+2y=12

(@w mw T w p o ow pp

o 1w oo ¢w pw ow pp

e mw mow <o p&o o pp

(d) None of these

Q.11. In which quadrant, the bounded region for inequationgo pandw « pis situated
@1 (b) 1, 11 (c) 1, m (d) All the four quadrants
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ASSERTION-REASON TYPE QUESTIONS (UNSOLVED)

Q.1.The corner points of the bounded feasible region for an L.P.R; d@peph T §p ¢h p to oand

p tt 1. The objective function 1 @ A @M} T1has minimum value 1000 at points §p ¢ and
p ft 1.

Assertion : Maximumvaluea@ pt1 T T

Reasonfy ¢ M om

Q.2.The corner points of the feasible region for an L.P.P.rdmeh ¢fit h tfo and mhp . The objective
function: GO ® ®dHD mhas maximum value 360 at pointgt and tfo .

Assertion :The value abat Th) o ¢ T

Reason® ¢@f 1 m

Q3.Assertion (A): Maximum value 60 0w ¢ subject to the constrainds ¢w ¢ TW T
will be obtained at pointch .
Reason (R): In a bounded feasible region, it always exist a maximum and minimum value.

Q4.Assertion (A): The linear programming problem, maxindise @ ¢wsubject to the constraints
w pftw ow ¢ mandeo mw T It gives the maximum value dfas—.

Reason (R): To obtain the optimal value of Z, we need to compare vahg afl the corner points of
the shaded region.

Q5. Assertion (A): Consider the linear programming problem.
Maximise® TW
Subject to constraints

® O LV @ prandw T
Then, maximum value abis 50 .

Reason (R): If the shaded region is not bounded then maximum value cannot be determined.

Q6.Assertion (A): The constraintsy @ p, ® 0® wand®ho Tmdefines an unbounded
feasible space.

Reason (R): The maximum value®df tow cwsubject to the constrainggy ow p o & p 7
andahy TS 5 .

Q7. Assertion (A): For an objective function Z=15x+20y, corner points are (0, 0J1 i@p v and
vhv . Then optimal values are 300 and O respectively.

Reason (R): The maximum or minimum value of an objective function is known as optimal value of LH
These values are obtained at corner points.

Q8. The linear inequalities are:
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Wherewandware numbers of tables and chairs on which a furniture dealer wants to make his profit.

Assertion (A): The region OABCO is the feasible region for the problem.
Reason (R): The common region determined by all the constraints including nonnegative constraints
@) Tof alinear programming problem.

VERY SHORT ANSWER TYPE QUESTIONS (UNSOLVED)

1. Two tailors, A and B, earnc Ttand T 1T peer day respectively. A can stitch 6 shirts and 4 pairs
of trousers while B can stitch 10 shirts and 4 pairs of trousers per day. To find how many days
should each of them work and if it is desired to produce atleast 60 shirts and 32 pairs of trousefs at
a minimum labour cost, formulate this as an LPP.

2. A small firm manufactures necklaces and bracelets. The total number of necklaces and bracelets
that it can handle per day is atmost 24 . It takes one hour to make a bracelet and half an hour t
make a necklace. The maximum number of hours available pés d@yIf the profit on a
neckl ace i s 100 and that on a bracelet i]s
should be produced daily to maximize the profit? It being given that atleast one of each must b
produced.

3. Afurniture dealer dealsinonly two itemhsa bl es and chairs. He has
to store atmost 80 pieces. A table costs hj
for 950 and a chair f ortheitem2tBadhe buks Fotmoiate thish a
problem as an L.P.P. so that he can maximize his profit.

4. A book publisher sells a hard cover editi oln
addition to a fixed weekly cost otv @ 1rtite cost of printing hard cover and paperback editions
ar e 56 and 28 per book respectively. Eaclh
whereas hardcover binding takes 10 minutes and paperback takes 2 minutes on the binding
machine. The pnting machine and the binding machine are available for 80 hours each week.
Formulate the linear programming problem to maximize the publisher's profit.

(@]

1%

3

5. The corner points of the feasible region determined by the following systems of linear inequalities:
Cw ®w ptw ow pbw mho mare nimhuhthoft and T .
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Letdd N N (,bvvhenr‘]rjﬁ T, then find the relation betwe@pandn so that the maximum of
@occurs at both pointott and miv .

6. Maximise: ow Tw(if possible) subjectto constraiks & ph & © mufw T

SHORT ANSWER TYPE QUESTIONS (UNSOLVED)

Solve the following (1 to 8) linear programming problems graphically:

1. Minimize: ow Twsubject to the constraints
® Cw Yow co pdw T T
2. Minimize: ow vwsubject to the constraints
® on ow o cw o ™
3. Maximize: 1w  subjectto the constraints
O ® vioh © wi T T
4. Minimize: ¢ @t L TAR Subject to the constraints
® cw pfow 10 ¢t o
5. Minimize: @ cwsubjecttothe constraintst ® ofw ¢w @ 1o T
Show that the minimum value Gfoccurs at more than two points.
6. Minimize and maximize o wwsubject to the constraints
w O pfw ow @i o mwo
7. Minimize: ow cwsubject to the constraints
® © Yoo vw pbo T T
8. Minimize and maximize ® ¢wsubject to the constraints
» Cw prh @ Ttw & ¢ o T T
9. A manufacturer considers that men and women workers are equally efficient and so he pays them
at the same rate. He has 30 and 17 units of workers (male and female) and capital respectively,
which he uses to produce two types of goods A and B . To prodecentt of A , 2 workers and 3
units of capital are required while 3 workers and 1 unit of capital is required to produce one unit of

B. If A and B are priced atp tand p ¢ per unit respectively, how should he use his resources
to maximise the total renue? Form the above as an L.P.P. and solve graphically.

10. A manufacturer produces nuts and bolts. It takes 1 hour of work on machimk3 hours on
machined to produce a package of nuts. It takes 3 hours on maghand 1 hour on maching
to produce a package of bolts. He earns a profipo® per package on nut s &
on bolts. How many packages of each should be produced each day, so as to maximize his profit,
if he operates his machines for atmost 12 hours a day.
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LONG ANSWER TYPE QUESTIONS (UNSOLVED)

. A company produces two types of goods, A and B, that require gold and silver. Each unit of typ
A requires 3 g of silver and 1 g of gold while that of B requires 1 g of silver and 2 g of gold. The
company can use atmost 9 g of silverand 8 gof goldclfrea uni t of type A K
and that of type B 50, find the number o
maximize the profit. Formulate and solve graphically the LPP and find the maximum profit.

. A factory manufactures two types of screvsgnd0, each type requiring the use of two
machinesan automatic and a haiagberated. It takes 4 minutes on the automatic and 6 minutes ot
the handoperated machine to manufacture a package of screws 'A’, while it takes 6 minutes on
automatic and 3 minutesidhe hanebperated machine to manufacture a package of screws 'B'.
Each machine is available for atmost 4 hours on any day. The manufacturer can sell a package
screws ' A’ at a profit of 7 and of allthe ews
screws he can manufacture, how many packages of each type should the factory owner produ
a day in order to maximize his profit? Determine the maximum profit.

. A dealer in rural area wishes to purchase a number of sewing machines. He hasnpyto 1t
invest and has space for atmost 20 items.
manually operated sewing machine 2400

of ¢ ¢ and a manually operated sewing machine at a profip af. Assuming that he can sell
all the items that he can buy, how should he invest his money in order to maximize his profit.
Make it as an L.P.P. and solve it graphically.

. A company manufactures two types of novelty souvenirs made of plywood. Souvenirs of type A
require 5 minutes each for cutting and 10 minutes each for assembling. Souvenirs of type B
require 8 minutes each for cutting and 8 minutes each for assembling.areed hours 20
minutes available for cutting and 4 hours available for assembling. The prafitresach for type
A and 60 each for type B souvenirs. How m
manufacture in order to maximize the profit?

. A manufacturer produces two products A and B. Both the products are processed on two differ
machines. The available capacity of first machine is 12 hours and that of second machine is 9
hours per day. Each unit of prodactequires 3 hours on both machines and each unit of product

0 requires 2 hours on first machine and 1 hour on second machine. Each unit of product A is s
at 7 profit and that of B at a profit of
graphically.

. A cottage industry manufactures pedastal lamps and wooden shades. Both products require
machine time as well as craftsman time in making. The number of hour(s) for producing 1 unit
each and corresponding profit is given in the following table:

Iltem Machine time| Craftsmantime|l Pr of i t
Pedastal lamp| 1.5 hours 3 hours 30
Wooden shade 3 hours 1 hour 20

In a day, the factory has availability of not more than 42 hours of machine time and 24
hours of craftsman time. Assuming that all items manufactured are sold, how should the

e
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manufacturer schedule his daily production in order to maximise the profit? Formulate it jas
an L.P.P. and solve graphically.

7. An aeroplane can carry a maximum of 200 passengers. Baggage allowed for a first class ticket is
30 kg and for an economy class ticket is 20 kg . Maximum capacity for the baggage is 4500 kg|.
The profit on each first cy acslsadg ctkieadkets i 5 5
how many tickets of each type must be sold to maximize the profit of the airline. Also find the
maximum profit.

8. A carpenter has 90,80 and 50 running feet respectively of teak wood, plywood and rosewood
which is used to produce producand product. Each unit of produah requires 2, 1 and 1
running feet and each unit of prodéctequires 1,2 and 1 running feet of teak wood, plywood and
rosewood respectively. If product Aissoldfargp er unit and product B
unit, how many units of product A and product B should be produced and sold by the carpenter, in
order to obtain the maximum revenue. Formulate the above as a linear programming problem and
solve it, indicatingclearly the feasible region in the graph.

9. Adietis to contain atleast 80 units of Vitangirand 100 units of minerals. Two foo@and&
are available costingu per unit and @ per unit respectively. One unit of fo&d contains 4 units
of vitamin 0 and 3 units of minerals whereas one unit of f@@dontains 3 units of vitamia and
6 units of minerals. Formulate this as a linear programming problem. Find the minimum cost of
diet that consists of mixture of these two foods and also meets minimum nutritional requirement.

10. A dietician wishes to mix two types of food in such a way that the vitamin contents of the mixture
contain atleast 8 units of vitamin A, and 10 units of vitamin C. Food | contains Zan@$
vitamin A and 1 unifE ©f vitamin C . Food Il contains 1 urifiE ©f vitamin A and 2 units/kg of
vitamin C. It costs 50 per kg to purchase|l f
the minimum cost of such a mixture.

CASE- STUDY BASED QUESTIONS UNSOLVED

Q.1.A cottage industry manufactures pedestal lamps and wooden shades, each requiring the usé
of a grinding/cutting machine and a sprayer. It takes 2 hours on grinding/cutting machine and 3
hours on the sprayer to manufacture a pedestal lamp. It takes 1 hour on the grinding/ cutting
machine and 2 hours on the sprayer to manufacture a shade. On any day, the sprayer is available
for at the most 20 hours and the grinding/cutting machine for at the most 12 hours. The profit
from the sale of a\la‘mp i;_wand that from a shade ip v

S

117
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If wis the number of lamps andis the number of shades manufactured. Assuming that the
manufacturer can sell all the lamps and shades that he produces.

(i) In order to maximize the profit, write the objective function is correct:

(i)Write the constraints are related to the given LPP.

(iif) Write the nonrnegative constraints associative to the given LPP.

(iv)Find the maximum profit.

Q. 2. An aeroplane can carry a maximum of 200
executive class ticket and a profit @ 11 g made on each economy class ticket. The airline
reserves at least 20 seats for the executive class. However, at least 4 times as many passengers
prefer to travel by economy class, than by executive class. It is given that the number of
executive class tickets isand that of economy class ticketsds

I },“’l’u.‘
: .,‘4“ \|‘\u\~_-- ,,,,,
e Ul

:‘4‘."477 <
e~ . S
.I.‘r e Leames ' g N ~
! A} {
[P oV

()Write the maximum value ab
(il)Write the relation betweebandw
(i) Find the constraints for this LPP
(iv)Find the maximum profit.

HOTS QUESTIONS UNSOLVED

1. Reshma wishes to mix two types of foadand0 in such a way that the vitamin contents of the
mixture contains atleast 8 units of vitandirand 11 units of vitamid . Food P costsg #E @nd
food Q costs Y #E CFood P contains 3 unife @f vitamin A and 5 unitf& @f vitamin B
while food Q contains 4 unifE @f vitamin A and 2 units/kg of vitamin B. Determine the
minimum cost of the mixture.

2. A farmer has a supply of chemical fertiliser of type A which contaims mitrogen andp b
phosphoric acid and of type B which contain®nitrogen ang 1t phosphoric acid. After soil
test, it is found that atleast 7 kg of nitrogen and same quantity of phosphoric acid is required for a
good crop. The fertiliser of type A costs
programming, find how manyilkgrams of each type of the fertiliser should be bought to meet the
requirement and for the cost to be minimum. Find the feasible region in the graph.

14
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3.

oo

David wants to invest atmosp ¢ 1 m Bonds A and B. According to the rule, he has to invest
atl east 2000 in Bond A and atl east 4000
respectively argy Pandp 1t Iper annum, formulate the problem as L.P.P. and solve it graphically
for maximum interest. Also determine the maximum interest received in a year.

Assuming that the transportation cost per kmpiger litre, how should the delivery be

scheduled in order that the transportation cost is minimum? What is the minimum cost?

Rahul is at the whole sale market to purchase folding tables and chairs, to later sell them at his
furniture shop. He has only 5760 to spend
table costs him 360 an dop,he pahsaoisell a mtbesat agrofit &f 4

22 and a chair at a profit of 18. Given
tables and chairs shall he purchase in order to maximize his profit?

Answers of Multiple Choice Questions
1(d) 2(c) 3(d) 4(d) 5b) 6(b) 7(c) 8(b) 9(b) 10(a) 11(d)
Answers of Assertioni Reason Questions
1(a) 2(@) 3(@) 4@ 5(d) 6(c) 7(@) 8(a)
Answers of Very Short Answer Type Questions
Minimize @ o mam T TIal subject to the constraints
o Lw ofw © Yo mw
Maximize® p TGt © TGR subject to the constraints
® W otw o ¢t phw p
Maximize® p van Y 1 subject to the constraints
W w pr o Yiw 1o T
Maximize profit® p @ p @ w @ TIubject to the constraints
® 0 woen o ¢T1 M T8

of] 1, is the required relation betwegrandn).
We draw the linesd  w pandw & Shade the region satisfied by the given inequations. As
we can see that there is no feasible region.

YA

72

L §

CNo maximum value ofd.
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Answers of Short Answer Type Questions

1. Minimum p@atw tho 1

2. Minimum xat® -ho -

3. Maximum pcatew of T

4. Minimum ¢ omm thd o

5. Minimum @at the corner pointspiit and o . In fact, all points on the line segment joining
the points @it and mfo yield the minimum value 6

6. Minimum ¢ mat vlw . Maximum p Y occurs at two corner pointg §p v and TiT T In

fact, all points on the line segment joining the poiptdp v and Tt Ttyield the maximum value
180

7. No feasible Solution 3 3 3

8. Maximumvalue T Tat 1T TT TTMIiNIiMuUmM vqlue pra g ft tand miv Tt In fact, all
points on the line segment joining the poirgsit mand v Ttgive the same minimum value
100

9. 3 units of producb and 8 units of produci; maximum revenue p g @ T

10.3 packages of nuts and 3 packages of bolts; maximum pyofid 1

Answers of Long Answer Type Questions

1. 2 units of type A and 3 units of type B; maximum profjt o 1t

2. Maximum profit T p occurs when 30 packages of scr@wand 20 packages of scréwnare
produced

3. He should buy 8 electronic and 12 manually operated sewing machines, maximum profit

O Wwg T

4. Maximum profit p ¢ ™ocurs when 8 souvenirs of typeand 20 of typ® are produced

5. 2 units of producb and 3 units of product, maximum profit ¢ ¢

6. 4 pedastal lamps and 12 wooden shades, maximum pooft 1t

7.150 tickets of executive class and no tick

8. 40 units of product A and 10 units of product B; maximum revenue¢ 0.¢ Tt

9. Minimum cost of the diet isp ¢ when 12 units of foodD and— units of food'O are mixed

10.2 kg of food I, 4 kg of food I 1, minimum
Answers to Case Study Based Questions
li)Max.Z ¢ pw®
(iHcw @ pdpo Cw ¢ T T T
(i) @ mo
(iv) 160
2 (i) 200 (iw Tt (i) @ ® ¢m tahw ¢ fw 1 (v) Rsplo @t m.m
Answers to HOTS Questions
1. Minimumcost  p gatt-ht and ¢h- . In fact, all points on the line segment joining the

points -fit and ¢h- give the same minimum cosp @ Tt
2. 50 kg of type A and 40 kg of type B, minimum costx Tt

¢ 1 mimbond A and p 1t 1T Tm fiond B yield maximum interest op p @ 1T

4. 8tables and 12 chairs. Maximum profit o w¢
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SAMPLE QUESTION PAPER i 1 (2025-26)
APPLIED MATHEMATICS

CLASS - XII
BLUE PRINT
Name of the Unit 1 (MCQ) 2M(VSA) | 3(SA) | 5M(LA) | 4M(Case | Total
Based)
Section A Section B | Section C| Section D | Section E

Unit | Numbers,Quantification 4 2 1 7(11)
I and Numerical Applications
Unit | Algebra 3 1 1 5(10)
Il
Unit | Calculus 3 1 1 1 6(15)
1l
Unit | Probability Distributions 1 1 1 3(10)
\Y,
Unit | Inferential Statistics 2 1 3(5)
Vv
Unit | Index Numers and Time 3 1 4(6)
Vi based Data
Unit | Financial Mathematics 2 1 2 1 6(15)
Vi
Unit | Linear Programming 2 1 1 4(8)
VIII

Total 20 5 6 4 3 38(80)
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SAMPLE QUESTION PAPER T 1 (2025-26)
APPLIED MATHEMATICS
CLASS - XII

General Instructions:

o

1.

o gk whN

This question paper containgive sections AB, C, D and E. Each section is compulsory.
However, there are internal choices in some questions.

SectionA hasl 8 M CapdD2 Assertioni Reason based questions of 1 mark each.
SectionB has5 Very Shirt Answers (VSA)type questions of 2 marks each.

SectionC has6 short Answer (SA)type questions of 3 marks each

SectionD has4 long Answer (LA) type questions of 5 marks each.

SectionE has3 source based / case based / passage based/integrated units of asses&mnent

marks each) with sub parts.
SECTION -A

The smallest nohnegative integer congruent to 2796 (mod7 ) is
(&) 5 (b) 2 (c)3 (d) 4

If x = 8, then

(@rx=—8 (b) -x=—8(c) -x< -8 (d) -x>-8

In a game of 600 points, A scores points 407 points while B scores 307 points. In this gan
point given by Ato B is
(@) 105 (b) 200 (c)100 (d) 150

A certain tank can be filled by pipe A in 12 minutes . pipe B can empty the tank in 18 minu
both pipes are open ,then the time it takes to fill the tank

(a) 5 minutes (b) 6minutes (c) 36 minutes (d) 9 minutes
The matrix A=I01 —10] js

(@ aunit matrix (b) a symmetric matrix

(c) a skew symmetric matrix (d) a diagonal matrix

If l[a+b25b] = [6522]" thenais

(@ 4 (b) 3 (c) 2 (dy1
If A is 3x3 matrix such thel4l=8 , ther|34l is equals

(a) 24 (b) 72 (c)216 (d) 8
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8.

10.

11.

12.

13.

14.

15.

16

17.

If x=3at,y=at’ , then— is equal to

()3 (b)3a (c) 3at t*(d)

The radius of a circle is increasing at the rate of 0.7cm/s. What is the rate of incriease of
circumferencevhen r=4.9 cm ?

(a) 1.4 °~ cm/s (b)) 208cm/s cm/ s (c) 0. 4

For an objective function Z = ax + by , where a,b >0 ; the corner points of the feasible reg
determined by a set of constraints are ( 0,20) , (10,10), (30,30 ) and (0,40) . The conditio
and b such that the maximum Z occurs at both end poid3(3 and (0,40) is

() b-3a =0 (b) a =3b (c) a+2b =0 (d)-2a=0

The probability distribution of a discrete random variable X is given below :

X 2 3 4 5
P(X) 5 7 9 11
k k k k
The value of k is
(@ 8 (b) 16 (c) 32 (d) 48

For purpose of-test of significance , a random sample of size (n) 48 is drawn from a norme
population , then the degree of freedom (v) is

1

(@) 49 (b3s(c) 47 (d) 48
A specific characteristic of a population is known as a
(a) a sample (b) parameter (c) statistic (d) mean
Prosperity , recession and depression in a business is an example of
(a) seasonality (b) trend (c)cyclical (d) secular
Seasonal variation mean the variations occurred within
(&) A number of years (b) parts of ayear (c) parts of a month (d) none of these
For the given five values 35, 70, 36, 59, 64, the three years moving averages are given |
(6)47, 53, 55 (b) 53, 47, 45 (c) 47, 55, 53 (d) 45, 55, 57

Mr. Anil takes a loan of Rs. 200000 with 10% annual interest rate for 5 years. EMI unde
rates system is
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18.

19.

20.

21

22

23

24

25

(@) 4000 (b) 5000 (c) 6000 (d)7000

At what rate of interest will the present value of a perpetuitiRs0500 payable at the end of
every 6 months be Rs. 100007

@6%  (b)8% (c) 5% (d)10%
ASSERTION AND REASON

(@) Both A and R are true and R is the correct explanation ofr A
(b) Both A and R are true but R is NOT the correct explanation of A
(c) Ais true but R is false.
(d) Aisfalse but R is true.
Assertion (A): Maximum value of z = 3x +2y , subject to the constraints

Xx+2y=2,xz0 ;y=z0 will be obtained at point (2,0)

Reason (R): In a bounded feasible region it always exits a maximum and minimum valut

Assertion (A): The function f(x) =12x is strictly increasing inf) ;2) U (2%)

Reason (R): For a strictly increasing fu
SECTION B

A man rows 15 km upstream and 25 km downstream in 5 hours each time. What is the sp
the current ?

In a 500 m race, A defeats B by 60 meters (or) 12 seconds. What is the time taken by A t
complete the race?

OR

1
A pump can fill a tank with water in 2 hours. Because of a leak in the tank, i’ Sikesirs to

fill the tank. The leak will be empty the filled tank in what time?

Using determinant find the value of k, for which points P2j3Q (8, 8) and R (k, 2) are
collinear.

A person has an initial investment of Rs. 50000 in an investment plan. After 2 years it has
to Rs 60000. Find his rate of return.

OR

How much money is needed to endure a ser
year indefinitely , if money is worth 3 % compounded annually ?

A small firm manufactures necklaces and bracelets. The total number of necklaces and br
that it can handle per day is at most 24. It takes one hour to make a bracelet and half an t
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26.

27.

28.

29

30

31

32.

make a necklace. The maximum number of hours available per day is 16. If the profit on &
necklace is Rs100 and that on a bracelet is Rs.300. Formulate a L.P.P. for finding how me
each should be produced daily to maximise the profit?

SECTION C

A container contains 50 litres of milk . From this container 10 liters of milk was taken out ¢
replaced by waterThis process is repeated two more times . How much milk is now left in 1
container ?

OR

A vessel contains a mixture of two liquids P and Q in the ratio 5:7. 12 litres of mixture drav
from the vessel and 12 L of liquid P is filled in the vessel. If the ratio of the liquids P and Q
becomes 9:7, how many litres of liquids P and Q were owddy the vessel initially.

Mr Surya borrowed a sum of 5,00,000 with total interest to be paid 2,00,000(flat) and he is
paying an EMI of 12,500. Calculate loan tenure.

Fit a straight line trend to the following data :

Year 2010 2011 2012 2013 2014 2015

Values 28 32 29 35 40 50

Find the present value of a perpetuity of Rs 3120 payable at the beginning of each year , i
is worth 6% effective.

Find the intervals in which the function
fx) =2x°+9x* +12x +20 is(j)increasing (i) decreasing.
OR

Use of second derivative test to find the local maxima and minima of

4.3
f(xX) =3° +6X%+8x+7.

A 99% confidence interval for a population mean was reported to be 83 t0¢378 IfWhat
sample size was used in this study ? (Givess 2.576 )

SECTION D

The management committee of a Welfare Club decided to award some of its members (s
sincerity, some (say y) for helping others selflessly and some others (say z) for effective

management. The sum of all the awardees is 12. Three times the suawafrdites for helping
others selflessly and effective management added to two times the number of awardees f
sincerity is 33. If the sum of the number of awardees for sincerity and effective manageme
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33.

34.

35.

36.

twice the number of awardees for helping others, use matrix method to find the number of
awardees of each category.

A company produces a certain commodity with 24000 fixed cost. The variable cost is estir
to be 25% of the total revenue received on selling the product at a rate of 8 per unit. Find
following

(i) Cost Function. (ii) Revenue Function
(iif) Breakeven Point (iv) Profit Function

OR

4
Integrate . [ — 11+ lx— 2/ + |x = 3[] dx

Surjeet purchased a new house, costing
so that he can pay the balance by taking a home loan from XYZ Bank. If his equated mon
instal ment s 30,000, at 9% mcarmethodgard c

payable for 25 years, then what is the initial down payment made by him?
[Use (1.0075%°°= 0.1062]

If 5% of the electric bulbs manufactured by a company are defective , use Rix$sbation to
find the probability that in a sample of 100 bulbs :

(DNone is defective (ii)5 bulbs will be defective
OR

In an examination, 2000 students appeared and the mean of the normal distribution of me
30 with standard deviation as 6.25. Find out how many students are expected to score (i)
20 and 40 marks (ii) less than 25 marks.

SECTION-E(CASE BASED QUESTIONS)

The feasible solution for a LPP is shown in fig. Let ZZ3xbe the objective function.
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37. Let X denote the number of hours you study during a randomly selected school day. The
probability that X can take the vaXjehas the following form, where k is some constant.

P(X=x) =
{0.1 ,ifx=0kx, ifx=1andx =2 k(5 —x), ifx=
3andx =4 0, otherwise

Based on the above information answer the following:

) Calculate the value of k

(i) Calculate the probability P(Studies for three hours)

(i)  What is the probability when you study atmost two hours.

OR

(iv)  Compute the probability when you study at least for two hours
(38) Read the following text and answer the following questions on the basis of the same:
Polio drops are delivered to 50000 children in a district. The rate at which polio drops are 38. 38.Polio
drops are delivered to 50000 children in a district . The rate at which polio drops are given is directly
proportional to the number of children whave not been administered the drops. By the end¥ afe2k

dy
half the children have been given the polio drops . It has been given the differential equatz»r=
k(50-y) where x denotes the number of weeks and y the number of children who hagpvieeethe

drops.
dy
(i)Write the method of solving a differential equatzzn= k(50-y).

dy
(i)Find the solution of differential equaticax = k(50y) .

(iif) Which of the solution may be used to find the number of children who have been given the polio
drops?
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ANSWERS
SAMPLE PAPER -1
APPLIED MATHEMATICS: CLASS XiII

1. Solution. Let x be the smallest nbnegative integer congruent to 2796 (mod7 )

X= 2796 (mod 7))

X =3 (mod7)

Answer : (C)
2. Answer : (b)

Solution :>= 8

=.x=—28
3. Answer (c)

Solution:

(Total score points = 600

A scoreds = 407

B scoreds = 307

CA give (407i 307) = 100 points to B.
4, Answer : ()

1 1 1

Solutioniz-18 =36

: time taken by both pipes = 36 minutes
5. Answer : ()

Solution : if A is a askew symmetric matrix

Then -A A0 =

6. Answer : (a)
Solution : a+b=6,b=8 a=4
7. Answer : (C)

Solution : | KA | =RA|e [3A] =3 X 8=216
8. Answer : (d)
dx dy
Solution :a: =3a ,a: = 3a t
dy st
dx = 3a :tz
9. Answer : (a)
Solution: &= 0. 7 circumference=2"r
aa= a= x0.7 = 1.4 ~ cm/s
10.  Answer: (a)
Solution : As Z is maximum at (30,30) and (0,40)
e 30a +b =40b
e b-3a=0
11. Answer:(c)

5 7 9 11 32
Solution +: TE¥TT =1 , %=1 ,k=32
12. Answer: (c)
Solution : Degree of freedom =In, n=48

________________________________________________________________________________________________|
KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 253




13.
14.

15.

16

17.

18.

19.

20.

21

22

Therefore , Degree of freedom =-48- 47
Answer : (b)
Answer : (c)

Solution : The variation in a time series over a span of more than one year are called cyc

variation .
Answer : (b)

Solution: Seasonal variation is variation in a time series within one year that is repeated

less regularly .
Answer : (c)
Solution : for 5 values 3 years moving averages is given by

35+70+36 70+36+59 36+59+64
3 =47, 3 =55, 3 =53
Answer : (b)
P+ prn 200000 x10x60
Solution: EMI=» ,l=100 =, I= 1200 = 100000
200000+100000
EMI = 60 = 50000
Answer : (d)
P 10000 20

Solution : R =7 , i="s00 = 20, since it is the end of every 6 months , thereforéz =10 %
Answer : (a )
Solution :

Corner points z =3x +2y

(0,0) 0

(0,1) 2

(2,0) 6 maximum
Answer (a)
Solution: f(x) =%-1 2 x , 21D (x) = 3x

For fo(x)2 = 0 , X =2,

strictly increasingn (-b ;2) U (2)
clearly R the correct explanation of A
SECTION B
Solution.
Downstream speedu=x+y=5
upstream speed v = = 3
speed of current = 1km/h
Solution.
Length of course = 500 meters
Time taken by B to cover by 60 meters = 12 seconds.

12 . s
~ time taken by B to cover the coursn,(z X 500) =100 5econds

“time taken by B to cover the cour{100 —12) seconds = 88 seconds
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= 1 minute 28 seconds

OR

Solution.
1

Part filled by the pump in 1 hourz=
Net part filled by the pump and leak in 1 hov7 =

1
Emptying work done by the leak in 1 houz

Leak can empty the tank in 14 hours.
23 Solution.
As the points P (), Q (8, 8) and R (k, 2) are collinear

1
Area of triangle PQRZ|3 —21881k21]_
Solving above determinant, we get, |-2(8+2(8k) +1(168k)| =0
|18 + 16/ 2k +16-8k | =0

-10k +50 =0
-10k+50=0
k=5

24 Solution.

Given current value of investment= Rs. 60000

Cost of investment = Rs. 50000
60000—50000

Rate of return =  sooco X 100%
=20%
OR

Solution.
. _ 3
Here R=2500 ' ~ Too
R
P=R4:
2500

P=2500 +o03
=2500 + 83333.33
= 85833. 33
25  Solution.
Let number of necklaces and bracelets produced by firm per day be x and y, respectivel
Clearly, x00,yo00
Let Z be the profit function.
Maximise Z = 100x+300y subject to,
x +y O 24
X + 2y O 32
and x, y O 0
SECTION C

26. Solution.
X=50L ,y = 10L ,n=3
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¥y 10
Amount of milk left=x(t )" =50 (t350)® =25.6 L
OR
Solution.
Let initially liquids P and Q be 5x and 7x litres respectively in the vessel.

After drawing off 12 litres of mixture
5

Quantity of liquid Pleft in the mixture = 5% 12X 12 = 5xi 5 litres
7

Quantity of liquid Q left in the mixture = 7x12X 12 = 7Xi 7 itres
So, quantity of liquid P= (56 +12) litres = 5x +7 litres
quantity of liquid Q= (5%5 +12) litres
9 5x+7
As per the question7 =7x-7
63 XT 63 = 35x + 49
Solving we get, x =4
Hence, the quantity of liquid P was 5 X4 = 20 litres and quantity of liquid Q was

7 X4 = 28 litres
27. Solution.
Here P = 5,00,000 ; | = 2,00,000; EMI = 12,500
P+I
EMI="n
500000+200000
12,500 = n

n = 56 months.

28. Fit a straight line trend to the following data :

Year 2010 2011 2012 2013 2014 2015
Values 28 32 29 35 40 50
Solution. |y X=tj- X2 Xy
t 2012.5
2010 28 -2.5 6.25 -70
2011 32 -1.5 2.25 -48
2012 29 -0.5 0.25 -14.5
2013 35 0.5 0.25 17.5
2014 40 15 2.25 60
2015 50 2.5 6.25 125
xy =21 X XXy =1
x?=17.50
Xy 1xy
a=n=35.67 Ix2=
29  Solution.
i= .06

R

P=R +i= 3120+ 3120/.06
getting P = Rs 55120
30  Solution.
|
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Gettingf (x) = 6x* +18x +12

fx)=6 (x+1)(x+2)

For increasinf (x) >0 and decreasingf (x) <0
Increasing(—2, — 2) U (=1, )

Decreasind — 2, —1)

OR
4.3
Soln. f(x) =3% + 62+ 8x + 7
f 0( xX2H12%x+8=4&(x+1)(x+2)
For | ocal maxi ma or minima f o6(x) = 0
4(x+1)(x+2)=0
x=-1-2
Again, f 66(x) = 8x + 12
Atx=-2, 6-R)=8X(2)+12=4
-4 <0
~X =-2 is a point of local maxima
-32 13
local maximum value: "3 +2471 16+ 7 =
Atx=-1, -1)=8X{1)+12=4
4 >0
~X =-1is a point of local minima
—4 11
local minimum value: 3 +6i8+7= 3

31  Solution : givere =8 and confidence level = 99%
Let the sample mean Eeand margin of error be E .
ThenX +E =87 an® i E =83¢ E =2

1-a=0.99 g «=0.017 =0.005

Za
7 = Zooos= 2.576

Ta o O 2576 x8
SinceE=z*% g 2= vs  eVn =10.304
Therefore n= 106.172¢ sample size =106

SECTION D

32.  Solution.
Equations: x +y+z=12,2x+3y+32=33,8y+2z=0
R | i 22 s
Det(A)= 3’A —?(9 3010 1-731)
AX =Bg X=A1lB
X = %(9 —3010 —1 —731)(12330)
x=3, y=4,z=5
33.  Solution.

________________________________________________________________________________________________|
KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 257




Let O0x06 units of product be produced and

0x6 units = Rs 8x
(i) Cost Function C(x) = Fixed Cost + 25% of 8x
= 24000 +2x.

(i) Revenue Function = 8x
(iii) Breakeven Point 8x = 24000+2x
X = 4000
(iv) Profit function = R(X)i C(x) = 6x1 24000
OR
Solution

5 olx—1lax=J;

1 1

2 4
2
=(%-x) =
2 1=2 ,

r |x—2]dx:j12 —(x—2)dx+J; (x — 2)dx

1

(x—1)dx

—(G-2) + (G2 s

fl' |x—3ld.x:fl3 —(x—3)dx+J: (x — 3)dx

1
2 3 2 4

)+ -a)_s

Ity [|x—1|+|x—2|+|x—3|]dx:1?9
34.  Solution.
Amount of Purchase = 40,00,000

Down payment =

Balance = 40,00,000 w

"Q 9/1200=0.0075, n =25 x 12 = 300
E MI = 30,000

30000= (A0QO@QMO/*% 3000068676 0M0O@DOIB/ 117
t w=424800
Down payment = 4, 24,800
35.  Solution.
p =0.05, n=100 gettink = np =5
e~ Hy"
P(X=r):r_:y

()P( none is defective )= .007
(i)P( 5 defective bulbs)=.1822
OR,

o
Solution. 6.25
When X=20, Z=1.6
When X=40,27Z=1.6
P( 20<X<40)= .8904
()Number of students scoring between 20 and 40 = 1781 (approx)

0
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When X=25, Z=.8

P(X<25)=.2119

(i) Number of students scoring less than 25= 424
SECTION-E(CASE BASED QUESTIONS )

36.  Solution: (i) (0,8)
(i) -32

37. Solution: (i) 0.1 +2k +2k+k =1

6K=0.9 ,k=0.15

()P (k=3)=k(53)=2k=2x0.15=0.3

(ii)P(k=0) +P(k=1)+ P (k=2)=0.1 +k +2k =0.1 +3k = 0.1x3.15 = 0.55
OR
Pk=2)+P(k=3)+P (k4)=2K+2K +K =5K =% 0.15 =0.75
(38) Solution: (i) Variable separation method.

dy
(i) Given thatax = k(50-y).
dy
50—y = k dx

Integrating both sides we get
-log| 501 y|=kx+C
(i) -log| 501 y | =kx+ C
Whenx=0,y=0
log (50)=0+C
=—log(50)=0+C
1

=C =log 50
1
-log| 507 y | = k x +log, S0
50—y
g e = 50
y=50(1e%)
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SAMPLE QUESTION PAPER2(202526)
APPLIED MATHEMATICS

CLASS: Xl
BLUE PRINT
Name of the Unit | 1 2(VSA) |3(SA) |5(LA) |4 (Case | Total
(MCQ) | SecB SecC SecD Based)
SecA SecE
Unit | Numbers, 4 2 1 7(11)
Quantification and
Numerical Applications
Unit 1l Algebra 3 1 1 5(10)
Unit 11 Calculus 3 1 1 1 6(15)
Unit IV Probability 1 1 1 3(10)
Distributions
Unit V Inferential Statistics 2 1 3(5)
Unit VI Index Numers and 3 1 4(6)
Time-based Data
Unit VII | Financial Mathematics 2 1 2 1 1 7(19)
Unit VIII | Linear Programming 2 1 3(4)
Total 20 5 6 4 3 38(80)
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SAMPLE QUESTION PAPER2(202526)
APPLIED MATHEMATICS
CLASS: XlI
TIME: 3 Hrs M.M.: 80
General Instructions :

1. This question paper containgive sections AB, C, D and E Each section is compulsory.

However, there are internal choices in some questions.

2. SectionAhad 8 M Gz Assertiori Reason based questions of 1 mark each.

3. Section B ha® Very Shirt Answers (VSAlype questions of 2 marks each.

4. Section C ha$ short Answer (SA}ype questions of 3 marks each

5. Section D hag long Answer (LA)type questions of 5 marks each.

6. Section E ha8 source based / case based / passage based/integrated units of as@eswmient

each) with sub parts.
SECTIONA
1.What is the value oy & ¢ 'Q
(@1 (b) 2 (c)3 (d) 4
2. The value of- 31mod 7 will be
@ 1 (b 2 (c) 3 (d) 4

3.Ifa > b and c < 0 then which of the following is true ?
(a) atc < b+c (b)-a<bc (c) ac>bc (checa> b+c

4. A certain tank can be filled by pipe A in 12 minutes . pipe B can empty the tank in 18 minutes . If bg
pipes are open ,then the time it takes to fill the tank

(a) 35 minutes (b) 64 minutes (c) 36 minutes (d) 8 minutes
5. The matrix "\ ﬁ is

(@) aunit matrix (b) a symm. matrix (c) a skew symm. matrix (d) a diagonal matrix

6.If @ ® ¢ - ¢V ,then ais
v w ¢ GQ
(@ 4 (b) 3 ()2 (d1

7. If Ais 3x3 matrix such thas=8 , thenwo Sis equals
(a) 24 (b) 72 (c)216 (d) 8

8. If x=3at, y=a ,then— is equalto
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()3 (b)3a (c) 3at 0 (d)

9. The radius of a circle is increasing at the rate of 0.7cm/s. Then the rate of increase of its circumfere
is

(a) 1. 4° cm/ s ( b) 2.-084 cm/s m/ s

10. The total revenue in Rupees received from the sale of x units of a product is given by R
3w +36x+5. The marginal revenue , when x=15 is:

(a)116 (b) 96 (c) 90 (d)126

11. The probability distribution of a discrete random variable X is given below :

X 2 3 4 5
P(X) 5/k 7/k a/k 11/k
The value of k is

(@ 8 (b) 16 (c) 32 (d) 48

12. Consider the following hypothesis test
0:*0 2&:* >25
A sample of 40 provided a sample mean of 26.4, then the value of the test statistics is:
(a) 4.18 (b).48 (c)1.48 ()18
13. A specific characteristic of a population is known as a
(a) a sample (b) parameter (c) statistic (d) mean
14. Which of the following cannot be a component for a time series
(a) seasonality (b) trend (c)cyclical (d) none of these
15. Seasonal variation mean the variations occurred within
(&) A number of years (b) parts of a year (c) parts of a month (d) none of these
16. Time series data have a total number of components ?
(@) 3 1) 4 (€)5 (d)6

17. Mr. Anil takes a loan of Rs. 2,00,000 with 10% annual interest rate for 5 years. EMI under flat ra|
system is

(a) 4000 (b) 5000 (c) 6000 (d)7000

18. At what rate of interest will the present value of a perpetuity of Rs. 500 payable at the end of ever
months be Rs. 100007

(@) 6 (b) 8 (c)5 ()10
19. Assertion (A): Feasible region is the set of points which satisfy all of the given constraints.
Reason (R): The optimal value of the objective function is attained at the pointaxaa ohly.
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@ Both A and R are true and R is the correct explanation ofr A

(b) Both A and R are true but R is NOT the correct explanation of A
(c) A is true but R is false.

(d) A is false but R is true.

20. Assertion (A): The functiony® @ ¢ isincreasingin (0,1) U (&)
Reason (R— mtwhen x=0,1,2

(@) Both A and R are true and R is the correct explanation ofr A

(b) Both A and R are true but R is NOT the correct explanation of A
(©) Ais true but R is false.

(d) A is false but R is true.

SECTIONTB
21. Find the value of x, giventhatkk ¢ o € R ;if¢p w 0op

22.In a 500 m race, A defeats B by 60 meters (or) 12 seconds. What is the time taken by A to compl
therace? OR

A pump can fill a tank with water in 2 hours. Because of a leak in the tank, itctakesirs to fill the
tank. The leak will be empty the filled tank in what time?

23. Using determinant find the value of k, for which points R2J3Q (8, 8) and R (k, 2) are collinear.

24. A person has an initial investment of Rs. 50000 in an investment plan. After 2 years it has grown t
Rs 60000. Find his rate of return.

25. A small firm manufactures necklaces and bracelets. The total number of necklaces and bracelets {
can handle per day is at most 24. It takes one hour to make a bracelet and half an hour to make a nec
The maximum number of hours available pey @al6. If the profit on a necklace is Rs 100 and that on a
bracelet is Rs.300. Formulate a L.P.P. for finding how many of each should be produced daily to
maximise the profit?

SECTIONC

26. A man can row a boat at 5 km/h in still water. If the speed of water current in a river is 1 km/h and|i

takes him 1 hour to row to a place and come back, how far off is the place?
OR

A vessel contains a mixture of two liquids P and Q in the ratio 5:7. 12 litres of mixture drawn off from t
vessel and 12 L of liquid P is filled in the vessel. If the ratio of the liquids P and Q becomes 9:7, how
many litres of liquids P and Q were cantd by the vessel initially.

27. A vehicle costing Rs. 900000 has a scrap value of Rs. 270000. If the annual depreciation charge |
70000, Find its useful life in years.

28. Calculate the 3 yearly moving averages from the following time series:
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Year 2005 | 200 | 2007 | 2008 | 2009 | 2010 | 201 | 201
6 1 2

Earnings: (R{3.6 |43 |43 |34 4.4 5.4 34 |24
Lakhs)

29. Find the present value of a perpetuity of Rs 3120 payable at the beginning of each year , if money
worth 6% effective.

30. Find the intervals in which the function@®n C¢® wv pQ@ ¢TI

(1) increasing (2) decreasing
OR

If a manufacturer's total cost function C is given by-€  ¢afifind (i) average cost function (ii) the
marginal cost function, and (iii) the marginal cost when 5 units are produced. Also, interpret the result

31. A company has been producing steel tubes of mean inner diameter of 2 cm. A sample of 10 tubeg
gives an inner diameter of 2.01 cm and a variance of .084 lsnthe difference in the values of means
significant? (Giverdo 8tuv C& @ C

SECTIOND

32. The cost of 4 kg. onion, 3 kg. wheat and 2 kg. rice is 60. The cost of 2 kg. onion, 4 k wheat and 6
rice is 90. The cost of 6 kg. onion, 2 kg. wheat and 3 kg. rice is 70. Find cost of each item per kg. by
matrix method.

33. Integrate:———w.rtx OR_, W usSQw

34. Mr. Naresh has bought 200 shares of City Look Company at 100 each in 2015. After selling them
has received 30000 which accounts for 22.47% CAGR. Calculate the number of years for which he w
holding the shares.

35. If 5% of the electric bulbs manufactured by a company are defective , use Poisson distribution to
the probability that in a sample of 100 bulbs :

(1) None is defective
(2) 5 bulbs will be defective
OR
In an examination, 2000 students appeared and the mean of the normal distribution of marks is 30 wit
standard deviation as 6.25. Find out how many students are expected to score (1) between 20 and 4(
marks (2) less than 25 marks

SECTION- E (CASE BASED QUESTION)

36. In year 2000, Mr. Talwar took a home loan of Rs.30,00000 from state Bank of India at 7.5%p.a.
compounded monthly for 20 years. (1.0062%4.4608

Based on the above information, answer the following question

i. What was EMI paid by Mr. Talwar
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ii. What was interest paid by Mr. Talwar in 15payment?
iii. What was Principal paid by Mr. Talwar in 18@payment?

37.Height of Students: The heights of students in a school are normally distributed with mean 160 cm
and standard deviation 10 cm. Based on this information , answer the following:

i) What percentage of students are taller than 175 cm?
i) What percentage of students have heights between 150 cm and 170 cm?
iii) If there are 1000 students, how many are expected to be shorter than 140 cm?

38. Radium decomposes at a rate proportional to the quantity of radium pi®gppase that it is found
that in 25 years approximately 1.1 % of a certain quantity of radium has decomposed

Radium g

Do

g

Based on the above information answer the following questions:
(DFormulate the differential equation for the amount of radium decomposed in time t.

(ii) If p and g denotethe order and degree of the differential equation in (1) respectively¢riindon8
(iif) Write the expression for the amount of radium decomposed in time t and the amount of radium

present at t=0
OR
(in)Compute the value of proportionality constant appearing in the differential equation of part (
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SOLUTIONS

SAMPLE QUESTION PAPER2(202526)
APPLIED MATHEMATICS
CLASS: Xl
SECTIONA

1.a To calculate 76 (mod 3), we can follow these steps:

Step 1: Calculate 7 (mod 3Y=(mod 3) =1

Step 2: Calculate 772 (mod 3), Since 7 (mod 3) = 1, we can write: 72 (mod 3) = (7 (mod 3))"2
=172 =1

Step 3: Calculate 73 (mod 3)

7"3 (mod 3) =72 (mod 3) x 7 (mod 3)=1x1=1

Step 4: Calculate 776 (mod 3)

Using the result from Step 3:776 (mod 3) = (7*3 (mod 3))"2=1"2=1

2.d To calculate31 mod 7, we can follow these steps:

Step 1: Divide-31 by 7=-31 + 7 =-4 with a remainder of3

Step 2: Convert the remainder to a positive valueSince the remair8gewis can add 7 to get a positive
value:3+7 =4

3.d ac > b+c

Adding c to both sides gives us:a>b + 2c, Sincec<0,2c<0,and b + 2c <b.

Therefore, a > b + 2c is true, which implies@> b + c is also true.

4.c Pipe Afills the tank in 12 minutes, so its filling rate is:

1 tank / 12 minutes = 1/12 tank per minute

Pipe B empties the tank in 18 minutes, so its emptying rate is:

1 tank / 18 minutes = 1/18 tank per minute

When both pipes are open, the net filling rate is the difference between the filling rate of Pipe A and th
emptying rate of Pipe B:

Net filling rate = (1/12 1/18) tank per minute

Net filling rate = (3/36 2/36) tank per minute

= 1/36 tank per minute

Since the net filling rate is 1/36 tank per minute, it will take:
36 minutes to fill 1 tank

5. ¢ A= P a7 mp ,Skew symmetric
T p T

6. a oncomparing a+b=6,b=2,a=4

7.c P0S 0PS ¢X Y cpo

8 .d dx/dt=3a, dy/dt=8a, dy/dt=0

9. a The circumference of a circle (C) i
0.7 cm/ s, we can write: dr/dt = 0.7 c¢cm/
10.d  dr/dx= 6x+36, put x= 15, we get marginal revenue= 15.6+36=90+36=126

11.c  5/k+7/k+9/k+11/k=1, 32/k=1, k=32

12.c 13.b 14.d 15.b 16.b

17.b  EMI = (Principal + (Principal x Rate x Time)) / (Time x 12)

Where: Principal = Rs. 2,00,000 ,Rate = 10% per annum = 0.10, Time = 5 years
Substituting the values, we get:

EMI = (2,00,000 + (2,00,000 x 0.10 x 5)) / (5 x 12) = (2,00,000 + 1,00,000) / 60

I —————————
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= 3,00,000/ 60 = Rs. 5,000
18.d PV =PMT/r, PV =Rs. 10,000 (present value), PMT = Rs. 500 (periodic payment, every 6
months)
r = PMT / PV= 500/ 10,000= 0.05 pem@onth period
Annual rate = 2 x 0.05 (since there are 2 periods in a year) = 0.10 or 10%
19. ¢ The correct answer is: (A) True, (R) False
Explanation: Assertion (A) is correct: The feasible region is indeed the set of points that satisfy all the
given constraints in a linear programming problem.
Reason (R) is incorrect: The optimal value of the objective function is not necessarily attained at point
the X-axis only. The optimal solution can be at any corner point of the feasible region, which may or m
not be on the axis.
20.d The correct answer is:(A) False, (R) True
Explanation: Reason (R) is correct: The derivative of the function y =2%(® is:
dy/dx = 2x(%2)(2x-2)= 4x(x1)(x-2)
Setting dy/dx = 0, we get: 4X)(x-2) = 0,which gives x =0, 1, 2.
However, Assertion (A) is incorrect: The function y = pA§"2 is actually decreasing in (0, 1) and
increasing in (1, 2) and (2, D).

SECTIONB

21.wl 23(a € Q)

w=23+7, nN @
w=23,30,47,& é

w= 30wi21 0w< 31
22.Lengthof course= 500 meters

Time taken byB to coverby 60 meters =12 seconds.
Ctimetakenby B to coverthecourse= !? x 500) = 100 seconds
(60
Giime taken byB to cover the cours€t 0 012)iseconds: 88 seconds

=1 minute 28econds
OR

Part filled bythe pump in 1 hour L
2

Net part filled bythe pump and leak in 1 hour’=

7
Emptyingwork doneby the leak in 1 hour 11 3': 7_'_9 1

2 7 14 14
Leak can emptyhe tankin 14 hours.

23. AsthepointsP (3;2), Q (8, 8)and R (k,2) arecollinear
3 121
Areaof trianglePQR :;_ B 8 1]=0

N 2 1
Solvingabovedeterminant, weet,| 3(8-2) +2(8k) +1(168k)|=0
[18+ 1671 2k +16-8k |=0
I —————————
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-10k+50|=0
-10k+ 50) =0
k=5
24. Givencurrentvalueof investment=Rs.60000 Cost of

investment = Rs. 50000
Rateof return= 82000 50 0% ¢ 000y
50000

=20%
25.Let numberof necklacesandbraceletgproducedy firm perdaybex andy, respectively.  Clearly,
x O 0, y O 0
C Total number ohecklaces anbracelets that thiirm can handleger dayis at mos®4.
Cx+y024
Sinceit takesonehourto makeabraceletandhalf anhourto makea necklaceandmaximum number of
hours available per day is 16.
C12x+y 016
t x+2y032
Let Z betheprofit function. Then, Z = 100x + 300y

CThe given LPP reduces tdaximiseZ = 100x
+300ysubject o, x + y O 24

X +2y032
and x,y O0

SECTIOND

26.Speedlownstream=&m/h, Speed upstream= 4 km/h , Total Time taken= 1 hour, Distance = 2.4 km|
OR

Letinitially liquids P andQ be5x and7x litres respectivelyin thevessel. Afterdrawing
off 12 litres of mixture

Quantityof liquid P leftin themixture=5x- > X 12 =5xi 5litres
12

Quantityof liquid Q leftin themixture=7x- ’ X 12 =7xi 7 litres So, quantitpf
12
liquid P=(5x-5+12) litres = 5x +7 litres quantity of liquid Q=
(5x-5 +12) litres
As per thequestion= £ = %7
7 147
63x 7T 63 =35x+ 49
Solvingwe get ,x = 4, Hencethe quantityof liquid P was5 X4 = 20 litres andquantityof liquid Qwas 7
X4 = 28 litres
27. HereC=900000,S=270000,annualepreciation= 70000 Let useful
life be n years.

Now annualdepreciation=""Y_
£
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n=9 years
28.4.067 , 4 ,4.03, 4.40, 4.48.,73

29."Cx .06, P=R +'Y=3120+3120/.06
Q

"QQ O 600G YB5120
30.Getting'™a) = 667 + 180+ 12
(0 =6 (w+ D(w+2)
Forincreasingc) >0 "Q¢ i QQ oI Wap&k & QQ
Increasingl D1, 2° (1 1B) and Decreasind 1,2 1)

& OR
0] Wehave, G — + 2@ so,
25
the average cost functi@kC is given byAC=2% or AC= @ + 2
@ 25

(i)  MCisgivenby2e+ 2
25

(i) MC=24
Thismeans that if the production is increasdaly 1 unitfrom 5 unitsto 6 units, thenthecost
of additionalunit isapprox.2.4.

31. Write* =20 & é2.0l0d &10 2= .0040 &
DefineH o andH; Getting t=.476
Thedifferencein thevaluesof samplemeanandpopulationmean isnot significant.

SectionD

32.Let costof onion,wheatandrice perkg. bex,y andz respectively. Equations:
4x+3y+2z2=60, 2x+4y+6z=90, 6x+2y+3z=70
1 0O 15 10
Det(A)=50,0''=— 30 0 120
50
12010 10
X=5,Y=8,Z=8
33.Let3d52 __0 + 0 + 0
(1)@ 2)2 (@rl) (A2) (ai2)2
A=-5/9, B=5/9, C=4/3
After integrating,answer is -0 €982 pS -0 £ CS

+C

33. Answeris : 15/2
34.SV=200X 100=20000,EV=30000, CAGR=22.47%
Let n numberof years
T
000y — p @p 1, m=2yearsnearly

35. p=.05,n=100 getting* =¢ =5
I —————————
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(1) P(noneis defective)=.007
(2) P(5 defectivebulbs)=.1822

OR

DY

6.25

When X=20 Z=-1.6 When X=40

Z=1.6
P(20<X<40)=.8904
Numberof studentscoringbetweer?0and40=1781(approx) When X= 25, Z=
.8
P(X<25)=.2119
Numberof students scoringss than 25424

SECTIONE
36. ()Rs.24167.82  (ilRs.10458.69 (iiiRs.13709.13
37. (i) 6.68% (ii) 68.26%(iii) 23 students

38. N=1, 2n+31=5 A = Q0
OR
p@d 4'Q hQ minntto
p T
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SAMPLE QUESTION PAPER 3(202526)
APPLIED MATHEMATICS
CLASS: XlI

General Instructions :

1. This question paper containgive sections AB, C, D and E Each section is

compulsory. However, there are internal choices in some questions.

2. SectionAhad 8 M CGaQd®z Assertiori Reason based questions of 1 mark each.

3. Section B ha® Very Shirt Answers (VSAlype questions of 2 marks each.
4. Section C hag short Answer (SA)ype questions of 3 marks each
5
6

. Section D hag long Answer (LA)type questions of 5 marks each.
. Section E ha8 source based / case based / passage based/integrated units of asst
(4 marks each) with sub parts

SECTIONA
Q. (All questions are compulsory. No internal choice is provided in this section)

1 Find 316(mod4)=
(@0 (b) 2 (@ (d)3
2  Ifxi R,2s24then
(@ x04 (b)-4<x<4 (c)xO-4 (d)None
3 Inferential statistics is a process that involves all of the following except
(a) test a hypothesis (b) analysis relationship
(c) estimating parameter  (d) estimatingtatistics
4 A sample 060 bulbs is taken at random for the purposetafst of significance then the degre
of freedom is

(a) 50 (b%9 (c) 1/50 (d)39

5 I n what ratio must a shopkeeper mix tw
respectively SO as to get a mixture at
(@1:2 (b) 1:3 (c)2:1 (d)3:1

6 In hypothesis testing, a tentative assumption about a population parameter is called
(a) Null hypothesis (b) Simple hypothesis

(c) Alternative hypothesis  (d) None of these

7 The ratio in which must water be mixed with milk to gair%6on selling the mixture at cost
price is
(@) 6:1 (b)l:6 (c)2:3 (d) 3:2

8 The present value of a perpetuity 00 payable at theeginningof each year, if money is
worth 5% p.a., is
(a) 15000 (b)&00  (c) 14250 (d) None

9 The demand function for a commodity is given by px 4theproduceé s s ur pl us
marketsells 12 units of goodsill be

(@71 (b) 72 (c)70 (d) None

10 The rise in prices before Diwali is an example of
(a) irregular trend (b) long term trend
(c) cyclical trend (d) seasonal trend

________________________________________________________________________________________________|
KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMAT26)S (2( 271




11

12

13

14

15

16

17

18

19

20

21

22

A dinning table costing Rs36000 has a useful life@ydars. If annual depreciation is Rs200
its scrap value using linear method is

(a) 4000 (b) 5000 (c) 6000 (d) 8000

If the objective function for a LPP is Z = 5x8y and the corner points of the bounded feasikt
region are (0,0), (7,0), (3,4) and (0, 2), then the maximum value of Z occurs at

(@ (7,0) (b) (0,0)  (0) (0.2) (d) (3.4)

Thegeneral solution of differential equation :y logyidx dy =0is
(@)y=log [cx|  (b)y=e!™ (c)y=e** (d) logy=|c +x]|
The effective rate of return, which is equivalent to a declared rate of 12% compounded
quarterlyis
(@) 11.86% (b) 11.98% (c) 12.36% (dR.5
The test is a statistical test used to compare the means of two groups
(a) Statistictest (b) p-test (c) kai test (d) t-test
(b)
The speed of a boat in still water is 15km/h and the rate of current is 3km/h. The distance
travelled by boat downstream in 12min. is
(a)1.8km (b) 1.2km (c) 3.6km @ikm
Irregular variations in a time series are caused by
(a) Lockouts & strikes
(b) Epidemics
(c) Floods
(d) all of these
The average heart rate for Indians is 72 beats per minutes. To lower their heart rate a gr
25 people participated in a aerobics exercise program. After 6 months the test statistic is
to be-2.3077. As per-tistribution test (of 5% level of smficance), what can you say about
the effectiveness of the program?(i(®.05)=1.711)
(a) effective (b) not effective (c) cannot say (d) none
Assertion (A): If the nominal rate of interest is 12.5% & the inflation 96,then the effective
rate of interest is 10.5%
Reason (R):If the interest is calculated only at the end of an year, then the effective rate «
interest is same as the nominal rate of interest.
@@ (b)) (c) (@)  (d) (V)
Assertion (A): If the mean and standard deviation of a binomial distribution are 12 and 2
respectively, then the value of its parameter1/3.
Reason (R):The mean and standard deviation of a binomial distribution are np and npq
respectively.
(@) () (b) (ii) (c) (iii) (d) (iv)
SECTION-B

Soniaborrowed R$00000 from a capperative society at the rate of 10% p.a.Zgears then
find EMI using flat rate method.
v O

fa= 7 7 find Aadja).
OR
o T P CY _ ,
CQODadH YO ow «hQd® G Y m oow Qi QAWwda a QoI "Qc
® C ¢ T
ad o iIBQw
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23

24

25

26

27

28

29

30

31

32

33

Two tailors, A and B earn Rs300 and Rs400 per day respectively. A can stitch 6 shirts ar
pairs of trousers while B can stitch 10 shirts and 4 pairs of trousers per day. To find how
days should each of them work and if it is desired to produleasB0 shirts and 32 pairs of
trousers at a minimum labour cost. Formulate this as an LPP.
A person has an initial investment of Rs50000 in an investment plan, after 2 years it has
to Rs60000. Find his rate of return.
Pipe A can fill the tank 2 times faster than pipe B. If both pipes A and B running together
fill the tank in 24 minutes, find how much time will pipe B alone take to fill the tank®OR
Find @486+729)(mod12).
SECTION-C

The volume of a spherical balloon is increasing at the rate ofBerFind the rate of change
of its surface area when its radius is 2 cm.
The value of a machine purchased two years ago, depreciates at the annual rate of 10%
present value is Rs97200 find (i) its value after 3years (ii) its value when it was purchase

o~ dx

Evaluate ” _X
I {1+e )E+e )

OR

Evaluate dx

A population grows at the rate d®% per yearlUsing differential equations,findolwv long does
it take for the population tgrow 4 time8

OR
The demand function p for maximizing a profit monopolist is given by p = ZP4vhile the
marginal cost is 4 + 3x, for x units of the commodity. Using integral find the consumer su

Usi ng Cruleasoleer2é 3y-10=0, x +6yi 4=0.

10 years ago, Mr Sahib set up a sinking fund to save for his daughter's higher studies .A
end of 10 years , he has r e amduv @dhe puhintiemo
sinking fund at the end of every 6 months for the tenure ,which paid him 5% p.a. compou
semiannually ?(Use (1.02%%1.6386

SECTION-D
A random variable X has the following probability distribution:
X 0 1 2 3 4 5 6 7
P(X) 0 Kk 2k 2k 3k K? 2k? 7k2+k
Determine:(i) k (i) P(X<3) (i) P(X>6) (iv) P(0<X<3)
OR

If the probability that an individual suffers a bad reaction from injection of a given serum i
0.001, determine the probability that out of 2000 individuals (i) exactly 3 (ii) more than 2
individuals will suffer from a bad reaction. (usé=0.1353)

The cost of manufacturing of certain items consists of Rs1600 as overheads Rs30 per ite

the cost of material and the labour cestfor x items produced. How many items must be

produced to have a minimum average cost?
OR
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34

35

36

37

A company produces a c costnmoalariably costis éstimated t@k
25% of the total revenue r ecovVeunéHBndthen s
following:

()Cost function  (ii) Revenue function  (iii) Breakeyamint.

One kind of cake requires 300g of flour and 15g of fat, another kind of cake requires 150
flour and 309 of fat. Find the maximum number of cakes which can be made from 7.5kg ¢
flour and 600g of fate, assuming that there is no shortage of the otrestiérgs used in the
making the cakes. Make it an L.P.P. and solve it graphically.

Using properties ofleterminants, provihat:

W a aq W
a a6 0o T GBY
SECTION- E

CASE STUDYI |
Susy is rowing a boat .Sha&kes 6 hours to row 48 km upstream whereas she takes 3 hour
the same distance downstream.

Based on the above information, answer the following questions.
Show steps to support your answers.
a) What is her speed of rowing in stillater?
b) What is the speed of tlstream?
c) What is her averaggpeed?
OR
The stream is flowing at the speed of 4 knlfisusy rows a certain distance upstream in 3.5
hours and returns to the same place in 1.5 hthes,find the speed of Susy's boat in still
water.

CASE STUDY i I
The following data shows the percentage of rural Indians who haigi-apeednternet
connection at home.
Year 2001 | 2002 2003 2004 2005
Rural 3 6 9 16 24
Based on the above information, answer the following questions.

/4 3 How to get:

Show steps to support your answers e b
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38

a) Use method of least squares to find the best fit trend line equation for the rural Ind
Show the steps of your working.
OR
Demonstrate the technique to fit the basiited straight line trend by the method efears
moving averages.
b)Whatis the forecast for the year 2006 for rural group using trend equation.

c) In which year the speed of internet connection in rural will be 37.6%.

CASE STUDY I Il
The binomial distribution witlparameters n and p is the discrete probability distribution ar
given by p(X=r) =01 n

A fair coin is tossed 6 times and getting head is considered a success .Based on the info
,answer the following questions:
(a) Find the values of parameters of this binomial experiment.
(b) Find the value of P(X=0).
(c) Find the probability of getting exactly 4 heads.
OR

In a binomial distribution ,if n=5 & F>(x=0)§3433 then find the value of P(X=3).
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Ansl
Ans2
Ans3
Ans4
Ans5
Ans6
Ans7
Ans8
Ans9
Ans10
Ansll
Ansl12
Ansl13
Ansl14
Ansl15
Ans16
Ansl17
Ans18
Ans19
Ans20
Ans21

Ans22

Ans23

Ans24

Ans25

SOLUTIONS

SAMPLE QUESTION PAPER 3(202526)
APPLIED MATHEMATICS

CLASS: X
(c)
(d)
(d)
(b)
(¢
()
(b)
(d)
(b)
(d)
(a)
(d)
(b)
(¢
(d)
(¢
(d)
(a)
(b)
(a)
EMI = ——

= 5000

v o % 3w2 -3 &2 O0g
A ¢ A(adJA)_S4 ok a4 5% &0 -24

OR
Since matrix is skew symmetric therefore a=9;20& c=30
Thus 2a+3kc=14

Let number of days for A and B are x and y respectively
Z = 300x + 400y

Subject to constraints

6x + 10yO 60

4x + 4y 032

x, yoOo

Given current val ue of i nvest ment

Therefore Rate of return =(60080000)/50000=20%
Let time taken by pipe B is x min. and pipe A is x/2

Thus - +- =—

60
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On solving, x=72 min.

OR
(486+729) mod 12=6(mod12)+9(mod12)
=15(mod12)=3

ANS26  Given c:i—\'[/—30m3/secY dr__3

dt 4 2’
v Now 95 = 8,0rd— =3cm?/sec
dt dt

Ans27 P =97200, r=10%p.a., 1=0.1
(1) Value after 3years =P (i1l )"
S =97200 x ( 0.9)
S =70858.80
(i)  Present value = value 2 years ago@.1 ¥
97200 = P(0.9)
P =120000
Ans28

J‘(1-+-ex}(1 + e ™)
= I e

—f— wheret=e* + 1 and dt = e*dx

t

-1
T 1teX +C

dx= o ——adx

= @ — —dx=—+loglx-1l+-log— +C

Ans29 0 O O Q¢ Q4 GG & QO WEHEQO ANIQ KB i

5 "Yh Q&L %—5’ Pov aeale Gond nHoov® o

o p T
PO a e aiee 2o o
U pT
6 YO QOO OO & 10
t 0 PUETQCTECRQDOB i
OR

P =274 x?
R=px=274% x3
dR/dx = 274 3x?
MR =4 + 3x
In profit monopolist market MR = dR/dx
4 + 3x = 274 3%
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X =-10, 9
Xo=9, p =193
CS= ¢XT & Qcxr193x9

CS = 486
Ans30 D= ¢ 0 _ 12-3=9
P @
Di= P9 —6012-48
T @

D,= & P —12.10=2
P @

X=—=16/3,y =— = 1/24
Ans31l | n=10x2=20,5=10,21,760,i = ﬁ =0.025 R="?
o
S=R [ (1+i) 1]

i

(1+0.025)2%=1

6386 ]
=1021760 =R | ﬁ]

SR 1021?60xﬂ.02i5]
- 0.6386

= R =340,000
Mr Mehra set aside an amount of X 40,000 at the end of every six months

=1021760=R |

Ans32 A random variable X has the following probability distribution :

X 0 1 2 3 4 5 6 7
P(X) |0 k 2k 2k 3k K? 2k? 7k+k
Determine:(i) k (i) P(X<3) (iii) P(X>6) (iv) P(0<X<3)
we know that 5 P(X) =1,10k? +9k =1Y k = %
, a3
(i)P(X<3)=3k = 0
17
P(X>3)=7k? +k = ——
(iiP(X >3) + 100
i —3k=2
(iVIP(O<X<3)=3k = 0

OR
Here a==np =20003 0.001=2
e ® 2e?
"
3.,-2
(Px=3)=2 ; =0.180
(iP(X>2) =1- [P(X=0) +P(X =1) +P(X = 2)} =
=1- 5e°2=0.323
I
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Ans33 Cost of x items = 30x
Overhead cost = 1600
Labour cost = %100
Total cost = 1600 + 30x + 4.00)
AC = C(x)/x = (1600/x) + 30 + (x/100)
dAC/dx = £1600/¥) + 1/100
d?AC/dx? = 1600¢2)x3 = 3200/¥ > 0 at x = 400
AC is minimum at x = 400
OR
D Q00 & "BOAANT € QO@O ¢ QOQLQE'D QA Qo NNEFDME @& "Qiy iyh
oo
NE O O "QOONR UL B QO £ o cL Q€ O OE VDD B8 'Yicw
Q0 QQOEEAQE T TN O E MW E ODDE Ecwo ¢ T MBI
MQRVQL Q& ®Q Yw
QBT QOORH QEWD Ot @ TN
Ans34 Letxandy be the number of cakes of first kind and second 2«
kind respectively. Maximize Z=x+y
Subject to constraints 300x + 1509500, 15x + 300600, X,
y 00
Maximum value of Z at B(20, 10) is 30

Ans35 o , )
w a aq ()
i Qy@'y 'Y 'Y BD0QQo
T Cw Cw
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Ans37

Ans 38
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a)
Year |Y X X2 XY
2001 |3 -2 4 -6
2002 |6 -1 1 -6
2003 |9 0 0 0
2004 |16 1 1 16
2005 |24 2 4 48
a = xY/n = 52/5 = 11.6
b= xXV¥+#52/X0=5.2
OR
Year Y 3-year moving average
2001 3
2002 6 6
2003 9 10.3
2004 16 16.3
2005 24

b) Ya00s= 11.6 + 5.2 (200€003)= 27.2%
c) 37.6=11.6 +5.2x

X=5
In 2008
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