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Attempt any one from questions 1 and 2.

SECTION A
~ Q. 1. A sample was collected of the daily earnings of a food vendor
ON a street outside a college for 30 working days. The distribution of
earnings is as follows: _ ’
Earning Range (Rs.) 100-200 200-250 250-300 300-400 400-600
.(f) Draw a histogram to depict the data and describe its shape.
_(11) Mark on the histogram where you expect the mode and the
median to lie. 5

(ii1) If the municipal authorities were to charge Rs. 50 per day
from the foo?l v.endor, what would be the impact on the mean and
standard deviation of the vendor’s earnings? - 4,24

>

Ans. (i) No. of days

>

(|

— >

100] 200 280 :
200 250 300 400 600 Earning rage (Rs.)

The data seems to be negatively skewed.
. (i1) The mode 1s the value that appears most often in a set.
In the histogram, it would be somewhere in the last bar of the histogram,
like point A.
(iii) This would mean the earning was X. and now it is Y., hence
Y = X-80
= E(Y,) o E(Xl)"'{)o
so mean would decrease by T 50
and Var (Y) = Var (X, - 50)
— Var (Y) = Var (X))
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- JVar(¥)) = [JVar(X))
Hence. the standard deviation does not _change.
Q. 2. The wheat yield (X in quintals per acre) for a farm in Punjq),
for a sample of 8 years was 50, 56,47, 27, 52,43,46 and 55.
(i) Compute the sample mean, the 10% trimmed mean and th,
sample standard deviation for the wheat yield.
(ii) Is the sample mean the better measure of location for the giver
data? Why or why not?
(iii) A new hybrid seed promises a yield (Y) given by y, =1.2x, -8
What is the expected mean, 10% trimmed mean and standard deviatior
of yield for this hybrid seed? 5,2,

50+56+47+27+524+43+46+55
Ans. (1) E(X) = 3

Arranging the data in the ascending order.
27, 43, 46, 47, 50, 52, 55, 56

80
= x—=08=1
n 8, n 100
Leaving first and last term, the trimmed mean
_ 43+46+47+50+52 +55
B 6
8 —
| > (X -X)
Sample standard -deviation = V 5 , = 8.6313
n-— :

(ii) Yes, since there are no extreme values as well as sample mean i
always an unbiased estimater of population mean.

(iii) y, = 1.2x -8
Ey) = 1.2 E(X)-8

Also, the trimmed mean

E(?) = 1L.2E(X)-8

Where Y, X represent trimmed data.
SECTION B
Attempt any two from questions 3.4 and 5.

Q. 3. (a) A coin is tossed. If it comes heads, the coin is tossed one
more time. Otherwise, the coin is tossed two more times. All the
outcomes are recorded,

(i) Write down the sample space, =
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(ii) What is the probability of heads appearing twice?
(iii) Are the events “heads appearing once” and “heads appearing
wice” independent?

(b) Prove the following for two events A and B with positive
yrobabilities:

(i) If P(A) = 1/3 and P(not B) = 1/4, then A and B are not mutually
xclusive, |

(ii) If P(AA/B) > P(A), then P(B/A) > P(B). Pa
Ans. (a) (i) Sample space = {HH, HT, THH, THT, TTH, TTT}

" 2
(ii) P (heads appearing twice) =5
= L
3
(iii . 3
{ll) P (heads appearing once) = e
- 2
P (heads appearing once Nn heads appearing twice)
" — 0

Since P (heads appearing once ~ heads appearing twice)
# P (heads appearing once). P (heads appearing twice)
Hence, the outcomes are not independent.

. . | 1
(b) (i) P(A) = 3
e L o
_ P(B) = 4.:>P(B)—£1
Suppose they are mutually exclusive,
Hence PAANB) =0
and P(A)+PB) = P(AuB)
1 3
, — - =
= 3t P (A U B)
PAUB) = =22
- (AuB) = 12
- hich is ibl
— PAuUB) = Fé')lw ich 18 not possible

Hence. P (A U B) > 0 and hence, A and B are not mutually exclusive.



198 Amar : B.A. (Hons.) Economics I Year (Sem. 1)

(i) P(A/B) > P(A)
P(A N B)

e P(B) > P(A)
P(BNA)

= P(A) > P(B)

= P(B/A) > P(B)

Q. 4. (a) Prove the following:

(i) If A and B are independent events then the events not A and
not B are independent, '

(ii) If P(not A) = @ and P(not B) =p then PANB)>1-a-§.

(b) Suppose it is known that the proportion of people in a town
suffering from tuberculosis is 0.001. A test for the disease has the
following properties : If a person suffers from the disease, the test
correctly identifies it with a probability of 0.99; if a person does not
suffer from the disease the test wrongly identifies it with a probability
of 0,02. If a randomly selected person tests positive for the disease,
what is the probability that the person actually suffers from the disease?

6,4
Ans.(a) (i) PA'NnB) = PA).P(B) woilkl)
{Since A and B are independent}
P(A’nB) = P(AuB)’ |
PA'nB) = 1-P (AuB)
PA'AB) = 1-[PA)+P B)-P (AnB)]
PA'AnB) = 1-[P(A) + P(B) - P (A) P(B)] { from (1)}
PA'nB) = 1-PA)-P@B) [1-PA)]
PA'nB) = (1-P@B)) (1-PA))
PA'nB) = PB)PA)
Hence, A" and B’ are independent
(ii) | PA) = a=>PA)=1-a
P(®B)=p=>PB)=1-
P(AuB) = P(A)+P(B)-P(AnB)

| T I

= P(AnB) = P(A)+P(B)-P (A U B)
- P(AANB) = (1-a)+(1-B) - P (A UB)
= - PAuUB) = 2-a-B- P(AnB)
Now, PAUB) <1

Hence, 2-a-f-P(ANnB) <1

=5 -PAANnB) < 1-2+a+f

= -P(AnB) < a+p-1

= PANnB) > 1-a-J
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=— o

M A Someone suffering from TH
B ldentifies the disease positively
P(A) = 0.001, P(A") = 0.999

e T ————— T —— e

—— e s i, S o -

- ———

B B)
P[T\-] = 0.99, P(K) =0.02
B
mm-P(A]

~
N,
| >
S
"

B : B
P(A)-P( X)+ P(A) P(A—)

- 0.001x0.99 - 0.04721
0.001x0.99+0.999x0.02

'Q. 5. (a) A box contains 10 balls of which 4 are black. A number n is
i selected l'“"d'fi!'“\l!;r from the numbers 1,2,3,4,6 and a sample of n balls is
?drlwn- What is the probability that all the balls drawn are black?

| (b) If events A and B are independent with P(A) = 1/3 and P(not
|g) = 1/4, find P(A U B). ~

| sqe
5 (c) The probability that a child born to a couple is female is 0.5.
‘What is the probability?

(i) that the third child is a boy given that the first two are girls?
(ii) that the first three children are all boys?

(iii) that at least one of the first three children is a boy?
Ans. (a)

10 blalls
6 balls are non-black 4 balls are black
B (B)
If n=1,samplespace = {B, B’} |
If n = 2, sample space = { BB, B'B’, B'B, B'B’}

Likewise
1 1 1 1 1 1 1 1 1
P(Allballsareblack)=-EX:—Z-+-5-XZ+E><—8-+-5-)<TE+€><

l(l 1 1 l)

= —| ~¢~t——
blL2 4 8 16

~ lx8+4+2+1

5 16

_ 3

T 16
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—_—

(b) PA) = %
PB) = ::-=>P(B)=—j-

P(A) P(B) ({since A ahd B are independenu
P(A) + P(B) - P(A n B)

1 3 1 3
———=X—
3 4 3 4
18_1

12 4
13-3

e ——

12

10
12

5]

6
(¢) (i) P (third child is a boy) = 0.5 |
(1) P (first three children are boys) = 0.5 X 0.5 x 0.5
| = 0.125
(iii) P (atleast one boy) = 1P (all girls)
= 1-0.125
= 0.875
SECTION C
Attempt question 6 and any two from questions 7, 8 and 9.

Q. 6. The probability density function of a continuous randem
variable X ig |

P(A n B)
Now, P(A U B)

Il

f(x) = -3-(1— xz).ﬂ sx<1. Find E(8X) and Var (8X). 2.3

Ans,. E(X) = x-g-(l-x”)dx

Qh.t—

3 | .
= "j(x"xz)dx
29

3| x* x"l
2|2 4|

)

i
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So, E (8X) = 8E (X)

= 8)(-?—
8

N -
ow, Var (X) = E(X?) - (E(X))?

1 . 6 ‘ 3 2
£127(1—12)¢—(§J

|
oW
e
Cd -

|
ol
—

|
Rle

i"

19
320
64 Var (X)

. 19
64 X -55-6
19
5

Q.7.(a) An academic seminar is going to be organized in the coming
semester. 5% of the students of college P will qualify for paper
presentation in this seminar. Assuming the validity of this premise,

(i) Among 256 randomly selected students from college P, what is
the probability that 8,4 or b students will qualify for paper presenta-
tions? |

Now Var (8X)

—
—
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T —
(u) What are the expected mean and standard deviation of the num,
ber of students from college P who would qualify for paper presentations
from a random sample of 100 students taken from college P ? 6.4
Ans. (a) (i) The required probability
PX=3)+PX=4)+P(X=5)

= 25C,(0.05)" (0.95)™
+3¢, (0.05)" (0.95)""

+3¢,(0.05)° (0.95)™
Where X represents the number of students “{hO qualify for paper
presentations.
Using the table A.1-
= p(x<5)-=p((x<2)

= 0.999-0.873.=0. 126
(ii) X :same as defined before.

Now X ~ Bin (100, 0.05) n = 100
p=0.05
SO, : E(X) = np
= 100 x 0.05
. =95
Var (X) = npq
= 100 x 0.05 x 0.95
= 475 . B
Hence, 8.d(X) = J4.75
(b) Suppose X is a Poisson random variable. Derive its varlancoj‘
6,
Ans, ‘ X ~ Pois-(A)
X —A
and PX=x) = ";, x=0,1,2, ...
| o ; k.t' -A o lxe-l
Now Var (X) = sz :' -(Zx P J
x=0 ¢ x=0
oo 2 A.x_—-A . _xz,"'-e_A
x° Ate” _
ix e—llt
i~ x=) (x_l)'

Let x-1=Yy
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So 2 xfAteh & gerar! & e
o Z !\ z f +Z '
x=0 o y=0 J: y=0 J°
oo -Aq Yy oo ~Aa ¥
ye "\ e A
= A 5.y
l_é) y‘ ) | .‘v-:{) y‘_l
I 11
: e A _ Y &. l._
Solving I Ae 5-;; = Ae '|:1+1!+2!+ ..... ]
x4 % "
= Ak using e” =1+5+-0+ ...
. oo \
y=0 y'
SO]Ving )|
e YA “ a3
lelz____y‘ = A —-lz)’l
‘=0 y. y=l y'
= le"*i o
y= (y-1)!
= gl K A K
0! 'ﬁ""'g'{- .....
' 2
2 A A
= Ae |il+‘i‘i'+—l-f'++ ..... ]
= 12 e-—l e).
= A2
o 2 2x.-A
Ae
x=0 X
o~ X l‘te_l I = A
Now Z : = s
x=0 X. x-o(x-l)
Hence, Var (x) = A2+A-A%2=)
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S

Q. 8. (a) Two fair six-sided dice are tossed. The absolute differenq,

in the outcomes of these two tosses is called X. Derive the probabilit
mass function for X.

(b) The probability that there is at least one error while uploading
observations on Income by A is 0.2 and for B and C they are 0.25 and 0.4
respectively. If A, B, and C uploaded 90, 136 and 200 observations on

income respectively. Find the expected number of correct observations
in all. - 4,24

Ans. () Events

(1,1), (2,2),(3,3),(4,4),(5,5),(6,6)
1,2),(2,1),(3,4),(4,3),(5,6),(6,5),(2,3).(3,2),(4,5),(5,4)
(1,3),(3,1),(2,4),(4,2),(5,3),(3,5),(6,4),(4,6)
(1,4),(2,5),(3,6),(4,1),(5,2),(6,3)
(1,5),(2,6),(5,1),(6,20
(1,6),(6,1)

|| wlna|—=]| Ol 4

PX)
6/36,
10/36
8/36
| 6/36
4136
2/36

| |l w| o=~ O] X

(b) Let X be the number of correct observation uploaded by ‘A’
Now X~ Bin (90, P)

Q. 9. A car company offers different payment options for car
purchasers. For a randomly selected purchaser, let X be the number of

months between successive payments. The cumulative distribution
function of X is

0 |, x<1

0830 , 1<x<3
040 , 38<x<4
0456 , 4<x<6
0.60 , 6<Sx<12
. 1 , otherwise

f(x) =
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(a) Compute P (3 <X <6)and P (X >4).
(b) What is the probability mass function of X?

(¢) Calculate E (X). 4,4,2
Ans. (a) - P(3<X<6) = 0.10+0.05
= 0.16
P(X>4) = 0.06+0.15+ 0.40
= 0.6

(b) Probabi]ity-Mass function

f

0 el
0.30 1<x<3
0.10 3<x<4
) = Y005 4<x<6
0.15 6<x<12
10.40 12<x

i

_ 3 4 _
(c) EX) = jx(0.30)dx+jO.10x dx
1 3

+?0.05x dx +lj3 0.15x dx + I 0.40x dx
4 6 12

Since the last term approaches to infinity
EX) = o
SECTIOND

Attempt any two from questions 10,11 and 12
Q. 10. Given the discrete joint probability function

x(l + 3y2)
k
(i) For what value of k is f(x,y) a valid probability function?
(ii) Find E (Y)
(iii) Find the variance of Y
(iv) What is the conditional distribution of Y when X= 0?
(v) Are X and Y independent random variables? 2%5

(1 + 3y
mma)ZZf(;y)=1

X v

'f(xs ,)’) =

x=0,1,2y=0,1
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(ii)

(11i)

(iv)

b Z (004 x(0)

g W

== |
™M
o —
Qn
=2
S—
]

| -
—
o

+

—

K

n

2
—
n

S—
|

S
1

|

)

EQ) =

Var (y)

"

f(x, y)

I

f(x)

T e se— ] —————— T

x(1+3(0)°) x(1+30)°
15 15

X 4x
+
15 ‘156

)
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- flx) = %
l+3y2
N X 1+3y2
e f(0).f») = 3| "5
_ x(1+3y%)
- 15
=P (%) .f() = f(x )

Hence, X and Y are independent
Q. 11. Given the continuous joint probability function

compute the following:

(i) For what value of % js f(x,y) a valid probability function?
(ii) Expected value of Y when X= 0.5
(iii) P X <0.6,Y < 0.8)
(iv) Marginal distribution of X

(v) Covariance of X and Y : 2x5
el vl k(x+ |
Ans. (i) f I —( y)dy dx =1
x =0 y=0 3
x=1 2 P! ,
= k I [xy.,..?.’_..] dx=1
3.1':0 2 y=0
kr'x=l 1 1
" — (x-f—) dx =1
- 3 _x=0 2 i
k[ 1]
) k2 1 [
3, 2 2 Jo
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> = 8
(1) flx,v) = (x+y)

/(%* 0.5) = (y+0.5)
0o - )

I
—
St
—
‘e
+
>
o
“—
QU
-

H
F - —
w |,
+
O
o
il O

[ ]
S
|

I
i
4
i

I

(ii1) P(X <06, Y<0.8)

] ]
-
l..._..,,é‘
[ =]
H
o
Qo
=
+
| =
N
-
&

2 y=0.6
b .
[0.8'—2— + 0321’]

=0

n

2
0‘8('0'6)'-- +0.32 x0.6

= 0.4x0.36 +0.32 x 0.6 =0.336

yal
(iv) o) = | (x+ y)dy
0

I
‘."'"""";'i_"l
<
+

'S I"“fu
—_—
& =
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e it e

| . !
[{X) = .r+2

il Cov. (x,y) = E(xp)-E @ E ()

T ‘T xy(x + y)dydx

r=0 v=0

E (xy)-

5 7
-

v=l
| (xy+ yhdy |dx

x=0 Ly-_-o 4

I
=

I
=

|
Il

-

I
=

ol w5

+

|

|

x=0 2 3
x=l xg -
= X| —+—|dx
I35
x=|
— (x3+x2]r :—2.-=.1.
0 6 x=0 6 3
x=1
Ex = Ix[x+—;-)dx
x=0
x=1

1
—
—

=
[ )
4
oo | —
=
S——”’
(o8
=

x=0
I 1
P o
3 4
& o
12
Similarly, E (y) = ki
12
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1 ¢ s
HP“(‘P. Covix,vy) = —=—Xx—
ov (X, ) 3712 12

48— 49

144

1
144

Q. 12. (a) Ifthe covariance between random variables X and Y is 0.6,
compute the coefficient of correlation between 5X and 10 - 3Y.

(b) “A value of the coefficient of correlation close to zero is

sufficient to conclude that there is no relationship between the two
variables.” Comment. |

(c) The equation for cost (C) of a firm is given by C = 10W + 5X
where W is the wage paid to workers and X is the quantity of goods
produced. W and X are random variables with means 400 and 50
respectively, and variances 36 and 9 respectively and coefficient of
correlation - 0.4. Compute the mean and variance of the firm’s cost (C).

2.2.6
Ans. (a) Cov(x,y) = 06
Cov (52, 10 - 34) = Cov (5X, 10) - Cov (5X, 3Y)
- = 0-15Cov (x, y)
= —-15x06
= -9

(b) No, this means there is an absence of linear relationship between t
two

(c) - C = 10W +5X

EC = 100EW)+5E (X)
= 10 x400+ 5 x50
= 4000 + 250
= 4250

Var (C) = 102 Var (W) + 25 Var (X) + 2 Cov (X, W)

= 100x36+25(9)+2(-04)6x3
= 3600 + 225 -0.8x 18
= 3825-14.4

[AGSS



