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Instructions for Candidates

\ 1. Write your Roll No. on the top immediately on receipt
of this question paper.

2. Attempt any five questions.

3. All questions carry equal marks.

4. Use of simple calculator is allowed.

5. Answers may be written either in English or Hindi;
but the same medium should be used throughout the

paper.
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1. (a) There are 10 workers in Australia and each can
produce either 2 computers or 30 tons of rice.
There are 10 workers in India and each can

produce either 5 computers or 40 tons of rice.

(i) Draw the production possibility curve for

both the countries.

(i1) Which country has absolute advantage in

production of computers?

(iii) Which country has a comparative

advantage in the production of rice?

(b) Differentiate between a normative and positive
statement. Are the following statements positive

or normative?
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(1) Introduction of minimum-wage law causes

unemployment in labour market.

(ii) The unemployment rate should be below

3%.

(i) Increase in public health expenditure
will increase the overall eprnditure of

government.

(c) Use the concept of Production Possibilities Frontier
(PPF) to illustrate society’s trade-off between two
goods. Explain why PPF most likely has a bowed-
out shape. Show a point that is impossible for the

economy to achieve. Show a point that is feasible

but inefficient. , (6+6+6)
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2.

(a) Calculate elasticity of demand and elasticity of
supply at the equilibrium price for the given demand

and supply function :

Qd = 80 — 6P; Qs = — 10 + 3P

(b) A technological advancement reduces the cost of

making computers enormously. Use supply-and-

demand diagram to show:

() What happens to equilibrium price and

quantity in the market for software?

(i) What will happen to the price and quantity

in the market for typewriters?

(i11) Whose producers (typewriter or software)

will be happy?

(c) What are the factors that inf'fuence the elasticity
of demand for any good? Suppose the price
elasticity of demand for good X is about 0.3 and
its current price is 60. By how much should the
government increase the price if it wants to reduce
the consumption of good X by 30 percent?

(6+6+6)

P.T.O.
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3. (a) The demand (Q,) and supply (Q,) for apple is
given as: Q, = 170 2P; Q_ 10 + P Calculate
the equilibrium price and quantity of apples. The
government passed a law that introduces a
statutory minimum price for apples as ¥70. Explain
the resulting change in market price, quantity
demanded and new consumer surplus and producer

surplus.

(b) Explain whether the following statements are true

or false.

(i) Pizza and cold drink are considered
complementary goods, if the price of pizza
decreases the quantity demanded for both

goods will increase.

(i) A drought in the entire state raises the
total revenue that farmers receive frorh the
sale of rice, but a drought only in one
district redtices the total revenue received

by the farmers of that district.

P.T.O.
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(¢) When is a price floor non-binding in naturey
Suppose that the government imposes a hinding
price floor in the wheat market. What would be
the effect of this policy on the quantity of wheat
bought and sold? Would the total revenue of the

farmers increase or decrease? Explain.

(6+6+6)
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(a) Suppose that a market for tables is described
by the followihg supply and demand functions :
Qg =3P; Q, = 200 - P. Calculate the equilibrium
price and the equilibrium quantity of tables.
Suppose that a tax of 40 is placed on buyers.
Solve for the new equilibrium. What happens to
the price received by sellers, the price paid by
buyers and the quantity sold? Calcuiatc the dead

weight loss.

P.T.O.
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(b) What is the Tragedy of Commons? Suppose Delhi |

{
|
|
L

Metro is planning to charge higher fares during |
rush hours than during the rest of the day. Why is

it proposing such a plan?

(¢) Explain in detail the market based policies that
government can use to solve the problem of

inefficiency caused by externalities. (6+6+6)
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5. (a) Assume India is an importer of televisions and

there are no trade restrictions. Indian consumers
buy 10,000 televisions per year, of which 4,000
are’produced domestically and 6,000 are imported.
Suppose that a technological advance among
Japanese television manufacturers causes the world
price of televisions to fall by 2100. After the fall
in price, Indian consumers buy 12,000 televisions,
of which 2,000 are produced domestically and
10,000 are imported. Calculate the change in
consumer surplus, producer surplus, and total

surplus from the price reduction of Z100.

(b) Differentiate between price and cross-price
elasticity of demand. Suppose an increase in price
of burger from ¥40 to ¥44 per unit results in an
increase in demand for noodles from 100 units to
120 units. Estimate cross price elasticity of demand

and comment on the nature of these two goods.

P.T.O.
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(c) Explain the concept of externality using examples.
How can the government try to internalize the

externality caused by education? (6+6+6) °
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(a) Explore the relationship between de'adweight

loss from tax, tax revenue and tax size. Will
the government be able to increase its revenue if _

it imposes tax on a good which has inelastic

demand?

(b) Most of the contagious diseases can be prevented

by taking an injection of vaccine in local hospitals.
The decision to take the vaccine is purely
voluntary and some people choose not to go ahead
with it due to the high cost involved. What type of
externality occurs for vaccines against highly
contagious diseases? Use a suitable diagram to
show the market equilibrium quantity of the
vaccine. Is the quantity also socially efficient?

Suggest one method to achieve a socially efficient

outcome.

P.T.O.
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7. (a) Explain the concept of payoff and equilibrium in

games of strategy.

(b) How does a tariff on imports affect the producer,
consumer and total sufplus of the importing

country? State the arguments in favour of restricting

trade.

(c) During covid pandemic, construction workers
migrated back to their villages and at the same
time the demand for construction of houses also
fell due to uncertainty and loss of income. Explain
using demand and supply diagram, how this would

have affected the market for workers and their

wages? (6+6+6)

P.T.O.
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Section A (W% =)
Attempt any Four (10+4 40)

F# ar g% & IR Aav

1. (a) For the following function
f(x) = In(4 - x?)
(1) Find the Domain

(1) Find the Asymptotes
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(b) Given g(2) = -4 and g'(x) = \/(x2 +S) for all x

use linear approximation to estimate g(2.05).
(5+5)

(F) FfoRE v 2 g
f(x) = In(4 - x2)
(i) ¥ I A |
(i) o & 7= AR

(@) R g(2) = -4 3K g'x) = (x2+5) o x

3 fog mmammmmm
Ffw g(2.05) |

2. (a) Find the limit

sl o{1-5:)

Is the function continuous everywhere?

P.T.O.



591

() -1 for x<2
t f(x)=
(b) Le ( x24+3 for x22

Find the inverse of f. (5+5)

(=) d 9 Y

lim [x ln(l __Z_H
X—0 3x

1 F B AE e 27

x> -1 ' for x<2

x2+_3 for x_>_2

(@) Let f(x) ={

£ 1 wRAT A T

3. (a) Check the convergence of the following :

-k
(i) Zk i (Hﬂ)ﬁ) P>0
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(b) Solve the following Inequality

'*<
v

+1 (5+3)

l<-—-

(%) PR 2w R we it

=k
@ D 0b(1+—] P>0

100
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(a) Let A = (x: xeR, |x| <1} and B = {x: x € R,

x-1| 2

1} where R is real numbers, If A U B

= R - D, then find set D.

P.T.O.
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(b) Draw the graph of f(x) = In|x = 2| from the graph

of f(x) = In|x|
*For PWD-

(b) For the following function, compute the deriyay;,,

and the derivative of the inverse function

f(x) = "' (5+5)

(%) I A= (x: x€eR, x| < 1} B = {x: xeR,
1x—1|21}aﬁkmﬁﬁarm%,uﬁAUB=
R - D, D W AR

(@) f(x) = Infx] YaRm ¥ f(x) = Injx - 2| & @R

E o d
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5. (a) (i) If x is restricted by the condition 0 < x < 2,

Find the range that y can take, given
y =(x 1)

(1) Show that f(x) = 20x — e ** has exactly one

real root.

(b) (i) Show that if F' exists then it is unique.
(i) Discuss the continuity of |x| + [x — 1| in the

interval [-1,2] (5+5)

(F) () aR x | 0 < x <2 & Ruly ¥ wlafer R s
2 AAEIT 7w AR Ay & aHa B

y=(x-1)7
(ii) Show that &% w9 ¥ awafaes = ¢ & f(x) =
20x =~ e™* @ T |
(@) (i) aR F' SeRuf 2, R 7@ e 3 W T

(i) [-1,2] @ e ¥ x| + [x— 1] W A ®
| Hfr

P.T.O.
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6. (a) Solve for x

[In(x + €)]* — [In(x +¢)’]* = In(x +e) — 4

(b) Suppose we know that f(x) is continuous and
differentiable on the interval [-3.4], that f(-3) < 7
and that f'( x) < -17. What is the largest POSssibje

value for f(4)? - (5+5)

(%) == Ffow x

(n(x + &) — [In(x +€)2)? = In(x +e) - 4

(&) e difoe & ' s ® B f(x) dEE [-3,4),
w PR sk e 2, & f(-3) =7 I =w
f( x) < —17 %1 f(4) =1 GGQ A G¥ A T 27

Section B (€T @)
Attempt any Three (10%x3=30)

= &=t Wawa?ﬁrw

7. (a) Does f have a local maxima/minima? Is it global?
Is f differentiable at 0. Identify the cusp

2

f(x)=x3(2x+5)
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(b) Show that Ax = é" has 2 solutions when e < A < &.
(5+5)

(%) = f B W wEE IR sk Rfae 37 70 T
AMaw 27 £ 0 W o= 31 e = TEAA

2
f(x)=x5(2x+5)
(=) WC<A<wﬁmiﬁ?Ax=e"$€Tﬁfﬂ
!

(a) Find Elasticity of y with respect to X when f is
given by

x}y? + 3x} =2

(b) For what values of the numbers a and B does the

function
f(x) = axe P

have the maximum value f(2)=1. (5+95)

(=) x%mi’yuﬁtﬂamﬁmmgﬂm&'m
e s 2

x3y? + 3x3 =2

P.T.O.
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(@) o I p wEnA B B wE B v owe ¥

f(x) = axe P~

Fftrwmaw w9 ® 1(2) = 1.

9. (a) Let o and P be positive constants. Find

-B
. 1—(l+x“)

x—0" X

(b) It is estimated that t years from now the population
of a certain town will be

F(t) = 40 — —>_ million.
t+2

Use differentials to estimate the amount by which
population will increase during the next 6 months.

(5+5)

(%) a7 AW & o IR B oo Ravw &) 7w PR
&

o l‘—(1+x“)—ﬂ

x—0* X
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F(t) = 40 - _°_ ffewr
t+2
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10. (a) Show that the tangent to the curve y = x’ at any
point meets the curve again at point z where the

slope is four times the slope at (c, ¢’).

(b) If f and g are continuous functions in [a, b] such
that f(a) > g(a) and f(b) < g(b). Prove the existence

of ¢ within (a, b) such that f(c) = g(c).
(5+5)

(%) oo B a@ y = x’ N i F W Ry 2 W

TF A fiw ¥ e 2 98 Wauin (c, c¢?) W WauEn

R T B

P.T.O.
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(|) afR f 3K g [a, b], ¥ PR oo B A B f(a)
g(a) 3R f(b) < g(b), (a,b) & W ¢ B Afge
# @ yER Ra Ffvwe & f(c) = g(c) |

Section C (WE )
Attempt any Two (10x2=20)
=4/ @7 FeR Ao |

11. (a) Find the third degree taylor formula for In(1 + X)

at 0. Use this to approximate In(1.1). Estimate the

upper bound to the error R,(x).

(b) Show that the function f(x) = x|x| has an inflection

point at (0,0) but f"(0) does not exist. Draw the

graph. (5+5)

*For PWD-

(b) Use linear approximation to estimate the value of

the given quantity

(33)(1/5)
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(%) 0T in(l + x) & fw a8 B 2en 4 771 A

TH I@T In(1.1) 7R R,(x) ® frg 390 @ =
I TR & g Ak

(|) =AW & ®e f(x) = x|x| (0,0) W v& qRad=r g
2 AT £(0) AvE & 2 T@RE =w

Raqn & fow -
@) @ 7 D AT W I T & faw
af e T IWAET Fifoe -

(33)(1/5)

12. For the following function (10) -

f(x)=——7—
x* —x2'+1
Determine :

(a) The intervals for which the function is increasing/

decreasing.
(b) Find the points of local maxima and minima.

(c) Find the global maxima and minima.

P.T.O.
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13. (a) The population of a country grows according to

the following function of time, t;

a

b+e ™

P(t) =

(i) Find dP/dt when t=0.

(11) Find the proportional rate of growth of the

population.

(11) Show that the population has a limiting value

and find its value.
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(iv) At what time is the population rising most

rapidly.

(b) The initial value of a rare diamond is given as

F(t)=25000(1.75)""

If the rate of interest is compounded continuously
and is 7%, how long should the painting be held?
(5+5)

(%) 5 2n <t s v @ PrafoRea woF @ siqar
T 2, g

a
P(t) =
(t) b+e™

(i) t=0 B W dP/dt Ta &R
(il) e # e A FEiEd | T AR

(iii) =Y f wem @ v A A 2 SR
A TG AR

(iv) fre W eden @R J A @ @ R

P.T.O.
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F(1)=25000(1.75)"
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(4000)
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PART A
LA

Question No. 1 is compulsory. Attempt any two questions from 2, 3 and 4

WO AT 1 wfrard §1 2, 3 3 4 & A At 2 ot 3ET AT

Q1. (a) The first four deviations from the mean in a sample of 5 reaction times are 0.3,0.9, 1.0 and 1.3.
Answer the questions that follow

i. What is the deviation from the sample mean for the fifth observation?
ii. Calculate the sample standard deviation If cach observation is multiplied by 2. What is the
new vanance?

What is the degree of freedom for sample standard deviation and why 1s it not equal to the
number of observations in the sample” (142+2)

(b) Consider the following data and answer the questions that follow

Class 0-5

5-10 11015 [15-20 12030 3040 | 40-60 1 60-90
Interval ! ‘ |

Relative | 0.177 | 0.166 | 0.175 | 0.136 Tdfl—ﬁ"]‘d.ms [ 0.0a4 0030
Frequenc i 4‘ )
q y l lﬁ.‘_]h_“___d-“ﬂ—_‘

1. -\ Identify the class interval in which the sample median would lie.
ii. Calculate the density for each class interval.

iii. What proportion of observations are between 25 and 45? (14242)

Q1. (v) 5 wfafer ¥7w & TR & AT ¥ FR R Rawa 0.3, 09, 1.0 M 1.3 &
R et & 33w At

i g daeea & AT aA Arem @ Rees |

i 7 Ao Raes & o RfST | IR TAF Haewa # 2 & qon R e
A e | E
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o wAE ReR & R w@dvar & B aw ¢ ag g A Rt &
AEW & Iqa T4 A6 &2 (1+2+2)

(mﬁmﬁﬁ#amqtﬁrmﬂﬁvsnImarammtmam

Tos |s510 [10-15 [15.20 | 20-30 | 30-40 | 40-60  60-90
. |

g 0.177 | 0.166 | 0.175 |[0.136 |0.194 | 0.078 | 0.044 0030.

i nﬁmﬁmmmﬁmmmM|
i TP T AR F AT g7 & o ST
il 25 3R 45 & &g YaToN F I w4 §? (1+42+2)

—

Q2. (a) The students A, A; and A3 go to college on any given day with probability P(Ai), where i = 1.2
and 3. Suppose that the event of A, going to college is independent of A; going to collegc on any given
day, P(A; N A2 N A3) =0.04, P(A3|A|nAz) 0.25, and P(Az) = 4P(A)).

i If the probability of all three students not coming to college on any given day is 0.06. what
is the probability that at least one of them will come to college on that day?

ii. Evaluate P(A; U A;) and interpretit.

iii. If A» has come to college on any given day, what is the probability that A, and A; will also
come to college on that day? (1+2+2)

(b) A bookstore purchases three copies of a book at Rs. 6.00 each and sells each at Rs. 12.00 each.
Unsold copies are returned for Rs. 2.00. The PMF of X is given as follows

X 0 1 ro- 2 3
p (x) 0.1 0.2 0.2 0.5
Find the
i PMF of the net revenue function Y.
ii Expected value and variance of X
iii Expected value and variance of the net revenue Y.
.ivFind P(Y28) (10)

Q2. (T) T A, A2 T A; B 30 R iR P(A) & wra wfasr St §, s i = 1.2
W 3 E | AR AT R A, F FIAA AR A TG A, F FAST T ¥ FTAT ¥ Rl oh
27, P(A; N Az N Ay) = 0.04, P(AsJA1NAZ) = 0.25, 3R P(A) = 4P(A)).

PTO.
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i mmmmmmtmamﬂmﬂo.o&tmwm

%ﬁimﬁm#mwwﬁwmm
i P(A,UAz)ﬂqmiwmungaﬁmmm
ii uﬁmmmfaaa#tam?.mwmﬂ?ﬁ‘km&ﬁwm
FlASA HTN? (142+2)
(ﬁwmﬁgﬂwumﬁmms.wm'#ﬁm%mm;}{
12.00 9T dwar &), e Ry gfya 392 2.00 & aw # & S . T F D

TH SR f&ar ar §

X o 1 2 |
p(x) 0.1 02 o2 }
|
) 1 [—
oafay

i Yy T FA a§ F NTRCE |
i vFE & oafda Jea W R

i YEY TS Y w wAf@E qE W Bear o
iv P(Y>8) afaar | (10)

Q3 (a) Onc per cent of all individuals 1n a certain population are camers of a particular disease. A
diagnostic test for this discase has a 90 per cent detection rate for carmers and a 5% detection rate for
noncarriers. Suppose the test 1s applied independently to two different blood samples from the same
randomly selected individual.

i. Draw the tree diagram for the question
il. What is the probability that both tests yicid the same result?
iii. If both tests are positive, what is the probability that the selected individual is a carrier?

(1+2+2)
Q3. (b) Let X be a random vanable with cdf
0, x<2
F(x) = (1;2). 2<x<4
1, x=4

i Find the pdf of X.

ii FindP2/3<X<3).

ii Find P(X > 3.5).

iv Find the 60th percentile.

v Find P(X'=3). (2*5=10)
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Q3 (7) v FARTA HREY # W sf¥eat % ¥ v whnre B Ay dard & AT £
g Al & Fera TRET & et & e oo wam @ 90 v i A A F
faw qar A T 5% ¥ AT D0 & qdaror v @ areienw w7 @ TaRd @
¥ 2 HO-HA T TN T T J 0] B s g

i 9w & U I 3w ¥
i gy 77 Tiawar & % At qhwrot & oRomy wr g
i af 2t T FERIHS A wEer w1 (142+2)
Q3. (@ 7= MIw B v Mw & a1y ow aefor wE
0, x<?2
F(x) = (x;Z)‘ 2<r<4

1, x24
i vwd # I g
i P13 <X < 3) 7 &
i P(X > 3.5) @fo |
iv 60af waw® WA ffv)
v P(X = 3) mma &fdv (245=10)

Q4. (a) Suppose that Delhi witnesses only two types of days, rainy or sunny. The probability that a rainy
day 15 followed by a rainy day 13 0.8 and the probability that a sunny day is followed by a rainy day is
0.6. Find the probabihity that a rainy day 1s followed by

i A rainy day, a sunny day, and another rainy day,

ii. Two sunny days and then a rainy day;

i No sunny day for three consecutive days;

v, Rain two days later (1+1+1+2)
() i) The time T, in days, required for the completion of a contracted project is a random variable with
PDF

f+(t) = 0.1¢”%!* fort > 0 and 0 otherwise

Suppose the contracted project must be completed in 15 days. If T <15 there is a cost of Rs. 5(15-T)
and if T > 1§ there is a cost of Rs.10(T - 15). Find the expected value of the cost.

ii) Consider the experiment where product items are being inspected for the presence of a particular
defect until the first defective product item is found. Let X denote the total number of items inspected.
Suppose a product item is defective with probability p, p>0, independently of other product items. Find
E(X) in terms of p when pmf is given as p(x) = (1 —p)*~'p. (5+5)

PTO.
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Q4. (V) A AT B et & &aw @ vaR & oA @17 & WAC T Y| 0 aared
R & a1z vF TEeh R A § wifdwar 0.8 & 3R oF yu T A F @ 0 awaed
Re 3= € wfEar 0.6 ¥ WRwaT 79 AT B 5% @ @ & A e

| % W & R, 0 4 @ R, 3R v 3R wwa &R

i @Yy e R 3R AR o wEe aen

i TR A Rt FF g 7 E,

iv & o arg afiyer | 7 (1+141+2)

(®) i) v aftE SR B qu R ¥ R s T 8, Rat A, HEew & any
UF Ao T ¢

f1(t) = 0.1e7 %" fort > 0and 0 ¥OUl

A AT B wrgafta ofrdrsar 15 At # g et oo afk T<15 q@ F & aea
5(15-T) &1 3R o T>15 ¢ & 10(T - 15) 394 R awa &) @G & WA {77 719
ffa)

i) 38 gt o1 RAar Afdv @ seae awFpd & ARl A dw & sefrufa & Qo
frdaror fear o T & @ A % opEr gt s ymEw Af A S AW S
mxm&wmﬂﬁmnmtlmm%wmmﬁm
I AFH A FAT T A TREA p, p>0 F FU Awqh 1 F@ pmf N p(x) =
(1-p)*'p & ¥ & Rz nan }, & p & w2 & E(X) @2 (5+5)

PART B
s

Attempt any two questions from 5, 6 and 7

5,6 3R 7 7 A 54l 3 wait w1 I g

Q5. (a) Suppose the useful lifetime, in years, of a personal computer (PC) is exponentially distributed
with parameter A = 0.25. A student entering a four-year undergraduate program inherits a two-year-old
PC from his sister who just graduated. Find the probability the useful life time of the PC the student
inherited will last at least until the student graduates. (5)

(b) In a shipment of 10,000 of a certain type of electronic component, 300 are defective. Suppose that
50 components are selected at random for inspection, and let X denote the number of defective
components found.



old -
i Find P (X< 3). Which distribution would yOu use”
i Find E(X) and V(X).
iii Find an approximation to the probability PLY < 3), and compare it with the ex

found in part (1) Which distribution would YOu use to find approximate pro
reasons for vour answer,

act probability
babithty? Cnive
(1+1+4)

(¢) A candy company dis‘ﬁhl}tfs boxes of chocolates with a mixture of creams, toffees. and
cordials. Suppose that the weight of each box is | kilogram, but the individual weights of the

creams, toftees, and cordials vary from box to box. For a randomly selected box. let X and ¥
represent the weights of the creams and the toffees, res

S ) pectively, and suppose that the jomnt
density function of these variables is '

pur 2
fXY) =5(@x+3y).for0Sx<1; 0<Sy<10 <x4y<1

= (, otherwise

i Find tbc probability.tF\at in a given box cordials account for more than 1/2 of the weight
“_"ha‘ i1s dfc .Pl"Obab‘hty that the weight of the toffees in a box is less than 1/8 of a
kilogram if it is known that creams constitute 3/4 of the weight?

i Are X and Y independent? Explain using appropriate statistical measures. (5*2=10)

Q5. () A\ AT F & AT FYET () = 3TEN Shaeere, awt &, dwEeT A
=025 ¥ ¥Y o5 & RaRa fFar Smar &1 aR-adfin was sdFR & @y = AR
TF O & HON 54 F J-adta It RAywa & B § Baad sntanht e A 2
3 ENTEAT F qaAT JOC F o @ RAwa F RAer @ w1 seaeh ofhaw a9 51 @
A OIF § FG9 O/ d& g (5)

@) v Aad waR #F sawia® gea § 10,000 ¥ RNy &, 300 2ot ¥ Al SfSe
& 50 gzt # frderor & QAT aefRo® ¥ § T T ¢ W X qC AU Aegeh wewt
 FEar # T E
i P (X < 3) g&ar €1 39 R Raor & 3wk s
i E(X) 3 V(X) @S |
i HRIEGAT P(X < 3) # U A WM, W FHH JOAT W1 () & O I 5w
WS & AT | ARG FREEA T F & W 39 e BAawor & swanr
FA? HYA I & SR &dI0 | (3+3+4)

) v && Foeh B, A R FBTEH F T F Y dEAT F T AT s
b AW O s wcdw Ra W oA 1 A &, /e B, o AR sifbasw a5y
HN-HAN a5ty HE-HAT B # HE-3TT Qar ¥ aefRow ¥ § aufdg afew &
e, 7 Ay 7 X it Y wRe: AR T AR & g & R & 2 R A
ﬁmWﬂﬂﬂﬂgﬁmﬂt

PTO.
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2
FOLY) =c(2x43y)for0<sx<1; 0sy<10 <x+y<]

= 0, =g

i WS AT A A Ru are afrw # sidaew & a7 1/2 @ 31 ¢
ST ¥ widwar ¥ Bt Red & If5at &1 a1 vF FAAH F /8 sy
X ¢, o ag wa O B a5 & 3/4 w4t BH T R?

i ¥ X WY Faday §2 3R wiftaRrg 3urdt 1 3999 FF FEHATI (542=10)
Q6 (a) An examination is frequently regarded as being good (in the sense of determining a valid grade
spread for those taking it) if the test scores of those taking the examination can be approximated by a
normal density function. The instructor often uses the test scores to estimate the normal parameters |,
and o and then assigns the letter grade A to those whose test score is greater than p + o. B to those
whose score is between p and p + o, C to those whose score is between u — ¢ and p, D to those whose

score is between p — 26 and p — o, and F to those getting a score below p — 20. Determine the % of
students who receive grade A, B, C.and D. (5)

(b) A typesetting agency used by a scientific journal employs two typesetters. Let X and X; denote the
number of errors committed by typesetter 1 and 2, respectively, when asked to typeset an article.
Suppose that X; and X; are Poisson random variables with expected values 2.6 and 3.8, respectively.

i What is the variance of X; and of X3?

ii  Suppose that typesetter 1 handles 60% of the articles. Find the probability that the next article
will have no errors.

iii If an article has no typesetting errors, what is the probability it was typeset by the second
typesetter? (2+3+5)

Q6. (c) A coin is tossed twice. Let A denote the number of heads on the first toss and B the total number
of heads on the 2 tosses. If the coin is unbalanced and a head has a 30% chance of occurring,

i  Find the joint probability distribution of A and B.
i Check whether A and B are dependent, using appropriate statistical measures. (2*5=10)

Q6 (V) TF e F IFFET ITOT AT A & (T AN awt ¥ AT o AW Az G@R
fFeifE F@ & 3 ) IR ofte & arat & et FER WY T gae Beee Z@nT
ygAfaa faar ST aswar 1 IS I BAT AGEEt p IR o R S
foe gfaror =R F1 39T FEar § 3R R 3T ARl #r A3 T IR vere aar & S
qAeOT TP p+o A HOF & & 37 AT Fr Fawr TR p IR pro F dw @ 37
Al 2T § e TR AT & p - o W p & dfrw, D 37 AN & AT e w=wR
20 M p-ocFAT L INFIAMMF AT TR NP -20 F AT | A3 €, A,
W IR f g F T oEt @ wAaea Auiia S | (5)
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() o AT FAT G 3TN A A e ermwARin vk A crmeAeh B AT
Fad &1 A AT X X, B d@ Y ergy v % Byv w2 my 07w TR
1 3t 2 T & IR K Fow B vy 1 s A @ x, e x, wE B
A 2.6 WX 3.8 F WY fewa ameRow ot §

i X HR X FTWEOT FT 2

i mmﬁvﬁ?m160%mwmmmmm%m

aw & =% e At gl
i af BR @ A N TEvdRET Rt gt § A swh T G ¢ B 5@ gAY
ZIs9RE @ART %Y fRar ar y (2+3+5)

(@ v TR & AR IOIE ST | AW DT B A g sover F v Rt f wEar
i & 3R B 2 3oTET W 3T WY A o7 e qefiar §1 afy W g & 3R
33 3 &1 WIS 30% &,

[ Amawﬁgﬁﬁmjﬁawmﬁml
i 3fa Wi 3R F 39T wE S B oar v 3R & wfAa # (245=10)

Q7 (a) An engineer at a construction firm has a subcontract for the electrical work in the construction
of a new office building. From past experience with this electrical subcontractor, the engineer knows
that each light switch that is installed will be faulty with probability » = 0.002 independent of the other
switches installed. The building will have » = 1500 light switches in it. Let X be the number of faulty
light switches in the building. Find approximate probability P(4 < X < 8). Which distribution do you
use and why? (3)

(b) The yield strength (ksi) for a particular type of steel is normally distributed with p =43 and 5 = 4.5.

i What is the 25th percentile of the distribution of this steel strength?

i What strength value separates the strongest 10% from the others?
i What is the value of ¢ such that the interval (43 — ¢, 43 + ¢) includes 99% of all strength values?

iv. What is the probability that at most three of 15 independently selected steels have strength less
than 43?7 A (2+2+3+3)
(c) Let X and Y be independent standard normal random variables. Consider the following
linear transformations of X and Y:

U=aX+bandV=cY+d a,bc,d€R

i Find the correlation coefficient between U and V. Justify your answer using appropriate
proof(s).

i Consider a random variable W = 0.6X + 0.8Y. Determine corr (X,W) and corr (Y,W).

P.T O.
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Q7 (v) vw P v & vE ERFRR ¥ are vw Av ediea waa & o A faega
Ft & AU v 3udw B 3@ Paga 3ok ¥ e Rod e d, $MAT STAeT ¥
%Rﬂﬁaﬁmmmmmmmﬁm#mmp=oom
*WWM|mﬂn=1soommwlmmﬁMWﬁaﬁ
ﬁmxanyawﬁaw@umgxss)mmmmmwﬂm
4 i = (5)

@ T AW wE F AT F WU 395 AFA (FraANS) FAGE: = 43 Mo = 4.5
¥ Iy Rafia & Frh g

| TW T uf¥a & Raver @& 2537 wfavas F=4 87
i W W Ul A AR Ao 10% F GET ¥ e e 87
i W AW T ¥ AR AT (43 - ¢, 43+c) ¥ @ ofFa Al F 99% A

2
v EEE FT AR & B T w7 ¥ w15 # ¥ 3fean A Te F A
43 ¥ A B2 . (2+2+3+3)

(#nmmﬁ;mmalém?'mmanﬁwmﬁl X iRy F
mmmﬁmwmmﬂ: '
U=aX+bandV=cY +d abecd € R
| U 3RV & T wpEey e T Pl 3T gAT # 39ET F_E H9A I
#ir giee ffowl
i v arefSo® aT W = 0.6X + 0.8Y TT faR ATHT | corr (X,W) IR corr (Y, W)
&1 TS A | et # g corr(X,Y) d AEA | (5+2=10)



614 11

A2 Appendin Tables

Table A.1 Cumulative Binomial Probabilities

a.on="

e B(x;n,p) = 3 by n. p)
b - B— ) =0

1000 1000 1000 993 984 969 g3 o6 e l04 0k 09 001 o

[0 1000 1000 1000 999 998 e lgg 663 472 367 263 081 023 o0

922 832 763 672 410 226 049
S

S P —
oot 008 010 030 015 030 040 s 060 010 ons ose ape 095 0.9
- - ) e e T — ——— e ) it - . 93 0.99
0 951 774 390 328 237 .168 078 031 010 e
031010 002

190 9T 99 M7 63 s 37 gy oy oo g?:, '},‘3" 000 000 000
2 1.000 999 991 942 896 837 683 500 : : 007 000 000 o0

3

4

e

b.on= 10
i 4
001 005 010 020 025 030 040 050 060 070 075 080 090 095 o099
0 904 399 .49 107 056 .028 006 .001 .000 000 .000 .000 .000 000
1 996 914 736 376 244 149 046 011 002 000 000 .000 000 000 .000
2 1000 .988 930 678 526 383 167 .055 .012 .002 .000 000 000 000 .000
3 1.000 99 987 879 776 650 382 .72 055 .0l 004 001 000 000 .000
. 4 1000 1000 998 967 922 850 633 377 166 .047 .020 .006 .000 .000 .000
i $ 1000 1.000 1.000 994 980 953 834 623 367 .10 .078 033 .002 000 .000
6 1.000 1000 1.000 999 996 989 .945 828 618 .350 224 .21 013 001 .000
7 1000 1.000 1000 1000 1000 998 988 945 833 .617 474 322 070 .012 .000
4 8 1.000 1.000 1000 1000 1.000 1.000 .998 989 .954 851 .756 .624 264 086 .004
g | 9 1000 1000 1000 1000 1.000 1.000 1.000 .999 .994 972 .944 893 651 401 .096
=

4
0.01 0.05 0.10 0.20 025 030 040 050 060 0.70 0.75 080 090 095 099
0 .860 463 .206 035 013 005 .000 .000 .000 .00 .000 .000 .00 .000 .000
1 990 829 549 67 080 .035 .005 .000 .000 .00 .000 .000 .000 .000 - .000
2 1.000 964 816 398 236 .127 027 .004 000 .000 .000 .000 .000 000 .000
3 L1000 995 944 648 461 297 091 018 002 .000 .000 000 .000 .000 .000
4 1.000 999 987 836 .68 S15 217 059 009 .001 .000 .000 .000 .000 .00C
5 1000 1.000 998 939 852 722 403 - .151 034 004 .00l .000 .000 .000 .000
6 1000 1.000 1.000 982 943 869 .610 304 095 015 004 001 000 .000 .000
x 7 1000 1000 1000 996 983 950 .787 500 213 050 017 .004 .000 .000 .000
8§ 1000 1.000 1.000 999 996 . 985 905 .69 390 31057 018 000 .000 .000
9 1000 1000 1000 1000 .999 996 966 849 597 278 .148 061 .002 000 .000
10 1.000 1.000 1.000 1.000 1.000 .999 991 941 783 485 314 .164 013 001 000
11 1000 1000 1000 1000 [.000 1.000 998 982 909 .703 .539 352 056 .005 .000
12 1000 1.000 [000 1000 1.000 1.000 1.000 .99 973 873 .764 602 .184 036 000
13 1000 1000 (000 1000 1000 1.000 1.000 1.000 995 965 .920 833 4S1 171 010
14 1.000 1000 1.000 1.000 1000 1000 1.000 1.000 1000 995 987 965 .794 .537 .140
(comtinued)

Copyvight 2010 Congage Learning. AN Rights Reserved. May not be copied. scanned, or duplicated. in whole or in part. Dus 10 slecironic rights. some thind party conbenl may be suppaesacd rom the ehook andior ol Rupins).
Fdilorial review has decmed that sey suppresscd coment does not materially sffect the overall icaming expericnee. Cengage Leaming neserves the right 10 remove aduitional conicnt sl any tim if subsoquamt righie noaricuues Ry it.

PT.O.
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p.ppgndh Tablws A-3

: 5 by, m, p)
Table A1 Cumulative Binomial Probabilities (cont.) B(x.n.p) = E
dn=20

080 090 095 099
001 005 000 020 028 030 040 050 060 0.70 075 _ _

000 000 000
0 818 358 a2 012 003 001 000 .000 000 .000 % m 000 000 000
1 983 7% 392 069 024 008 001 .000 .00 .000 000 000 000 000 000
DO e 206 91 05 04 000 000 000 000l
3 1000 984 867 41 225 107 016 .00l 000 000 ‘000 000 000 000
4 1000 997 957 630 415 .38 051 006 .000 .000 000 00 000 000 000
S 1000 1000 989 304 617 416 .126 020 002 .000 000 000 000 000 000
6 1000 1000 998 913 78 &8 250 058 006 M0 00 000 A Ll O
71000 1000 100 968 g8 772 416 .32 021 001 000 00D OF Nl
LM 100 1000 9% 959 se7 596 a2 087 005 001000 RE
9 1000 1000 1000 997 986 952 .755 412 .28 017 004 .00 . i 205
10 1000 1000 1000 999 996 983 B 588 245 048 014 003 000 000 000
11000 1000 1000 1000 999 995 943 748 404 .13 041 010 000 000 000
2 L0 LO00 L0 L0 L0 869 ST Ak sm ;b o2 02000008 O
131000 1000 1000 1000 1000 1000 .99 942 .750 392 214 087 il
141000 1000 1000 1000 1000 1000 998 979 874 .84 383 .196 .01 .

1S 1000 1000 1000 1000 1000 1000 1000 994 949 762 .585 .370 ?;; 'g?: ::
16 1000 1000 1000 1000 1000 1.000 1.000 999 984 893 775 .589 13 oe o
17 1000 1.000 1.000 1.000 1000 1000 1.000 1000 .99 .965 .909 .794 - pii
18 1000 1,000 1.000 1,000 1.000 1.000 1.000 1.000 999 992 .976 931 o Pl
19 1000 1000 1000 1,000 1.000 1.000 1.000 1.000 1.000 999 997 988 . .

(coutinned)

Copyright Congage Lasrning. t - from the ehlook and'or o Rapicns).
ighis Reserved. uﬂmﬂwmhmuhmhlmunuumm-,hw " - .
Mmr:uuqx-u"::—ﬂydhhmﬂhﬂWle.-dqm“nhmnm diional o amy time i rights roarictivns Ry it
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A4 Appendix Tables

Table A.1  Cumulative Binomial Probabilities (cont.)

B(x:n.p) = X My mp)
e.on=28 r-e

r

001 005 0.0 020 025 030 040 050 060 070 075 A0 090 095 099

0 778 277 072 004 001 000 000 000 000 000 000 000 000 00O 000
I 974 642 271 027 007 .02 000 000 .00 .000 000 000 000 000 000
1 99% 873 537 098 032 009 000 000 000 .000 000 000 000 000 000
31000 966 764 234 09 033 .002 000 .000 .000 000 000 000 000 000
4 1000 993 902 421 214 09 009 000 .000 000 000 000 000 000 000
5 1000 999 967 617 378 .193 029 002 000 000 000 .000 000 000 000
6 1000 1000 .991 780 .S61 41 074 .007 .000 .000 000 000 000 000 000
7 1000 1000 998 891 727 512 .54 022 001 .000 .000 000 000 000 000
8§ 1000 1000 1000 953 851 677 274 .054 004 000 000 000 000 000 00O
9 1000 1000 1.000 983 929 811 425 .15 013 .000 .000 000 000 000 000
10-1.000 1000 1000 994 970 902 .58 212 034 .002 .000 . .000 000 000 .000
111000 1000 1000 998 980 956 .732 .345 078 006 001 000 000 000 000
X 12 1000 4000 1000 1000 .997 983 846 500 .IS4 .07 003 000 000 00D .000
I3 1000 1000 1000 1000 999 994 922 .655 .268 .04 020 .002 .000 000 .000
14 1000 1000 1.000 1000 1000 998 966 .88 414 098 030 006 .000 000 .000
1S 1000 1000 1000 '1.000 1000 1.000 987 .88 .575 .18 071 .07 000 .000 000
16 1.000 1000 1.000 1000 1000 1.000 .99 .946 .726 .23 .49 047 000 000 .00
17 1000 1000 1000 1000 1.000 1.000 .99 978 .846 .488 273 109 002 000 000
18 1000 1000 1000 1000 1.000 1.000 1000 993 .926 .659 439 220 .009 000 000
19 1.000 1.000 1000 1.000 1.000 1000 1.000 .998 971 807 .622 383 033 001 .000
20 1000 1.000 1.000 1000 1.000 1.000 1000 1000 991 .910 .78 579 .098 .007 3

-
2
2B
(-
58
88
"~

g

2
§8
293
53
3

e LT
Table A.2 Cumulative Poisson Probabilities Rx.p) = . '-;.L
ye
®
.1 2 3 4 5 6 J 3 9 1.0
0 905 819 741 ' 670 .607 549 497 449 407 Jo8
1 995 982 963 938 910 378 34 809 772 136
2 1.000 999 996 992 986 m 966 953 937 920
x 3 1,000 1.000 999 998 997 994 991 987 981
‘. 1000 1000 1000 99 999 998 996
P 1.000 1.000 1.000 999
6 1.000
(continued )

cawed, or duplisaied. in whote or in part. Dus 1o ekecironis righis, sows thind contrnl may be
- All"l‘-""'".“ peny may be supreninad from ihe etiuook andtor ol huparnsh.
Copyright c""‘:':' o) ._.‘“dhh-lhiq-mCq.l.ﬂthl&nmd“muqhi-“immm-t.
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Table A.2 Cumulative Poisson Probabilities (cont.)

14

n

2.0 3.0 40 X 6.0 7.0 8.0
0 135 050 018 007 002 001 000
1 406 199 092 040 017 007 003
2 & 423 238 125 062 030 014
3 857 647 A% 265 151 082 042
4 947 815 629 440 285 AN .100
s 983 916 785 616 446 301 191
6 995 966 889 762 606 A50 313
7 999 988 949 867 744 599 453
8 1.000 996 979 932 847 729 593
9 999 992 968 916 830 kiki
10 1.000 997 986 957 901 816
1 999 995 980 947 888
12 1.000 998 991 KYA] 936
3 999 996 987 966
14 1.000 999 994 983
15 999 9% 992
16 1.000 999 99
17 1.000 998
18 999
19 1.000
20
21
2
23
24
25
26
27
28
29
30
31
32
33
34
35
36

fppendm Tables  A-5

I

9.0

001

021
055
.16
.207
J24

- 456

587

.706
.803
876
926
959

978
989

998

1.000

J— SR———

PR 1T

Fosm = 2 -

y=0

10.0 150 20.0
000 .000 000
000 000 000
003 000 000
010 000 000
029 00 000
067 003 000
130 008 000
220 018 001
33 037 002
458 070 005
583 118 01l
697 185 021
192 268 039
864 363 066
917 466 .108
951 .568 187
973 664 221
986 749 297
993 819 381
997 875 470
998 917 559
999 947 644
1.000 967 721
981 .787
989 343
994 B8
997 912
998 948
999 966
1.000 978
987
992
995
997
99
999
1.000
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PR "
Smndard Normal Curve Areas
yable A- N=PMz<n
Standard normal deneity cum e
Shaded area = ()
S T
e S
S _ n ?
00 o1 02 03 R
T l _‘ _ — o s 06 n . "
0003 0003 0003 .0003 0003 S ———— )
~34 y ‘ 0003 .0003
T ows SO0 000 0004 oo o e oo e oo
32| ;;'8?3 e 200 :m m g:)ﬁ 0006 0005 0005 0005
T30 | o013 0013 0013 0012 012 g0 tH- - S~ o
-30 | ) g o017 0011 0011 0011 0010 0010
—20 | 001 ’ : 0017 0016 0016 0015 0015 0014 0014
8 0026 0025 0024 .0023 0023 00! ' ’
-2 3 0034 0033 . .0022 .0021 0021 0020 0019
-27 .00 ; noes o0as 0032 0031 .0030 0029 0028 .0027 0026
-26 -0042 e prad .0043 0041 .0040 .0039 .0038 0037 0036
-25 0062 o / 0057 0055 .0054 0052 0051 .0049 003%
_24 | 0082 0080 0078 0075 0073 0071 0069 0068 0066 0064
Z33 | 0107 0104 0102 009 009 0094 0091 0089 0087 0084
—22 0139 0136 .0132 0129 0125 0122 0119 0116 0113 0110
21 0179 0174 .0170 0166 0162 .0158 0154 0150 0146 0143
-20 0228 0222 0217 0212 .0207 0202 0197 0192 0188 03
-19 0287 0281 0274 10268 0262 0256 0250 0244 0239 0233
% -13 0359 .0352 0344 0336 0329 0322 0314 0307 0301 0294
= 7 0446 0436 0427 0418 .0409 .0401 0392 0384 0375 0367
= -16 0548 0537 0526 0516 0505 0495 0485 0475 0465 0455
-15 0668 0655 0643 0630 .0618 L0606 0594 0582 0871 0559
= -4 0808 0793 0778 0764 0749 0738 0722 0708 0694 0681
=% 13 0968 .0951 0934 0918 .0901 .0885 0869 0853 0838 0823
=12 1151 3t a2 .1093 .1075 .1056 .1038 .1020 .1003 0985
-1.1 1357 .1335 1314 1292 1271 1251 1230 L1210 1190 1170
-1.0 1587 .1562 1539 1515 1492 .1469 .1446 1423 1401 1379
-09 .1841 1814 .1788 1762 1736 A7 .1685 .1660 1635 1611
-08 2119 .2090 2061 2033 .2005 1977 1949 1922 .1894 1867
-0.7 2420 2389 .2358 2327 .2296 2266 .2236 2206 21m 2148
-0.6 2743 2709 2676 2643 2611 2578 22546 2514 2433 2451
-0.5 3085 .3050 3015 2981 .2946 2912 2877 2843 2810 277
-04 3446 .3409 3372 3336 .3300 3264 3228 3192 3156 3121
=03 3821 .3783 3745 3707 .3669 .3632 .3594 3557 3520 3482
-02 4207 4168 4129 4090 4052 4013 3974 3936 3897 3859
-0l 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 5000 - .4960 4920 4880 4840 4801 4761 4721 4681 4641

(condinued)
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fppendin Tables  A-7

Table A.3  Standard Normal Curve Areas (cont.) ®e) = PZs2)
t ) o n 03 0 08 06 07 ” »

0.0 5000 5040 5080 5120 5160 5199 5239 52719 5319 5350
ol 5398 5438 S48 8517 58587 5596 5636 5675 5714 5753
0.2 5 S 587 5910 5948 5987 6026 6064 6103 614)
03 817 Q1 6288 6293 6331 6368 6406 6443 6480 6517
04 6554 6591 6628 6664 6700 6736 6172 6808 6844 6879
05 6918 6950 6985 7019 7054 7088 i1 J187 7190 7224
06 s 7291 RV RALT) 7389 7422 7484 7486 7517 1549
07 7580 61 7642 673 7704 134 1764 7794 1823 7852
0L 7881 7910 039 1967 7995 8023 8051 8078 8106 8133
09 8189 8186 8212 8238 8264 8289 8315 8340 8365 8389
1.0 8413 8438 8461 8485 8508 8531 8554 851 8599 8621
11 8643 8665 8686 8708 8729 8749 8770 8790 8810 8830
12 8849 8869 8888 8907 8928 8944 8962 3980 8997 9015
13 9032 9049 9066 9082 9099 s 9131 9147 9162 an
14 9192 9207 9222 9236 9251 9265 9278 9292 9306 9319
15 eS8 a0 o2 934 9406 91k 9429 9441
16 9452 9463 9474 9484 9495 9505 9515 9525 9535 9545
17 9554 9564 9573 9582 9591 9599 9608 9616 9625 9633
18 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706
19 M3 99 9726 9732 9738 9744 9750 9756 9761 9767
20 M 9178 9783 9788 9793 9798 9803 9808 9812 o817
21 9821 9826 9830 9834 9838 9842 9846 9850 9854 9857
22 9861 9864 9868 9871 9875 9878 9881 9884 9887 9890
23 9893 9896 9898 9901 9904 9906 9909 911 9913 9916
24 9918 9920 9922 9925 9927 9929 9931 9932 9934 9936
25 9938 9940 9941 9943 9945 9946 9948 9949 9951 9952
26 9953 9955 9956 9957 9959 9960 9961 9962 9963 9964
27 9965 9966 9967 9968 9969 9970 9971 9n 9973 9974
28 9974 9975 9976 9977 9977 9978 9979 9979 9980 9981
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 99386
3.0 9987 9987 9987 9988 9988 9989 9989 9989 9990 9990
3.l 9990 9991 9991 991 9992 9992 9992 9992 9993 9993
32 9993 9993 9994 9994 9994 9994 9994 9995 9995 9995
33 . 9995 9995 9995 9996 9996 9996 9996 9996 9996 9997
34 9997 9997 - 9997 9997 9997 9997 9997 9997 9997 9998

rmmoc-.n.-d-.umu—uu.,uu-.uu-wum.unuumm—mmmqhwhhu"““""‘“"
Fduarial review
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