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Instructions for Candidates

1.

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

All questions are compulsory.

Question No. 1 has been divided into 10 parts and
each part is of 1.5 marks.

Each question from Q. Nos. 2 to 6 has 3 parts and
each part is of 6 marks. Attempt any two parts from
each question.

State true (T) or false (F). Justify your answer in
brief.

(i) Let G be a finite group of order 147 then it has
a subgroup of order 49.

(1) There is a simple group of order 102.

PO,
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(iii) Dihedral Group D,, (having 24 elements) ig

isomorphic to the symmetric group S .

(iv) The action z-a = z + a of the additive group of
integers Z on itself is faithful.

(v) The external direct product G®H is cyclic if
and only if groups G and H are cyclic.

(vi) Trivial action is always faithful.
(vii) The group of order 27 is abelian.
(viii) The external direct product Z,9® Z, is cyclic.

(ix) Every Sylow p-subgroup of a finite group has
order some power of p.

(x) A p-group is a group with property that it has
atleast one element of order p.

2. (a) Prove that for every positive integer n,

Aut (Z) = U(n). -

(b) Define Automorphism Aut(G) of a group G and
Inner Automorphism Inn(G) of the group G induced
by an element ‘a’ of G. Prove that Aut(Z,) is
isomorphic to U(S), where U(@s) = {1, 2,3, 4} is
group under the multiplication modulo 5.

(c) Define characteristic subgroup of G. Prove that

every subgroup of a cyclic group is characteristic.
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1+ (a) Prove that the order of an element of a direct
product of finite number of finite groups is the
least common multiple of the orders of the
components in the elements. Find the largest
possible order of an element in 2,,®DZ,,.

(b) Prove that if a group G is the internal direct product
of finite number of subgroups H,, H,,.... H_ then
G is isomorphic to H®H,®H, ... ®H .

(c) Let G is an abelian group of order 120 and G has
exactly three elements of order 2. Determine the
isomorphism class of G.

4. (a) Show that the additive group R acts on x,y plane
RxR by r.(x,y)=(x+1y,y). ‘

(b) Let G be a group acting on a non-empty set A.
Define

(i) kernel of group action
(i1) Stabilizer of a in G, for a € A

(iii) Prove that kernel is a normal subgroup of
G.

(¢) Define the permutation representation associated
with action of a group on a set. Prove that the
kernel of an action of group G on a set A is the
same as the kernel of the corresponding
permutation representation of the action.

P.T.O.
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S

(a) Let G be a group acting on a non-empty set A, If
a,be Aand b = g+ a for some g € G. Prove
that G, = g G, g ' where G_ is stabilizer of a in G.
Deduce that if G acts transitively on A then kernel

B . 1
of action is Neeg 86,87

(b) Define the action of a group G on itself by
conjugation. Prove it is a group action. Also find

the kernel of this action.

(c) If G is a group of order pq, where p and q are
primes, p < q, and p does not divide g-1, then
prove that G is cyclic.

(a) State the Class Equation for a finite group G. Find
all the conjugacy classes for quaternion group Q,
and also, compute their sizes. Hence or otherwise,

verify the class equation for Q,.

(b) Use Sylow theorems to determine if a group of
order 105 is not simple.

(c) State and prove Embedding theorem and use it to
prove that a group of order 112 is not simple.

o

(3200)
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Instructions for Candidates

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

2. All questions are compulsory and carry equal marks.

3. Attempt any two parts from each question.

1. (a) (1) Find a cubic equation with rational

coefficients having the roots

£ 0 , stating the result used.

N | —

=
2’
(i1)) Find an upper limit to the roots of

x>+ 4x* - 7x2 -40x + 1 = 0. (4+3.5)

2, D 1
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(b) Find all the integral roots of
X! + 4x3 + 8x + 32 = 0, (7.5)

(¢) Find all the rational roots of

40 53 130

4 _40 150 > g
y 3 y + 3 y" =40y+9=0 . (7.5)

(a) Express arg (Z) and arg (-z) in terms of arg(z).

Find the geometric image for the complex number

z, such that arg (—z)e(%,g). (2+2+3.5)

(b) Find |z|, arg z, Arg z, arg Z, arg(-z) for
z = (1-1)(6+ 61) (7.5)

(c) Find the cube roots of z = 1 +1i and represent
them geometrically to show that they lie on a circle
of radius (2)". (7:5)

3. (a) Solve y*> — 15y — 126 = 0 using Cardan’s method.

(%)

(b) Let n be a natural number. Given n consecutive
integers, a, a+1, a+2, ..., a+ (n-1), show that
one of them is divisible by n. (7.5)

(c) Let a and b be two integers such that gcd(a, b) = g.
Show that there exists integers m and n such that
g = ma + nb. 7.3)
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4. (a) Let a be an integer such that a is not divisible by
7. Show that a = 5% (mod 7) for some integer
R (7.5)

(b) Let a and b be two integers such that 3 divides
(a’+ b?). Show that 3 divides a and b both.
()
(c) Solve the following pair of congruences, if possible.
If no solution exists, explain why? £7.5)
x + S5y = 3 (mod 9)
4x + Sy = 1 (mod 9)

5. (a) Consider a square with four corners labelled as

follows :

Describe the following motions graphically:
(i) R, = Rotation of 0 degree.

(i) Ry, = Rotation of 90 degrees counterclockwise.

(i) Rz, = Rotation of 180 degrees
counterclockwise.

(iv) R,,, = Rotation oI 3170  degrees
counterclockwise.

(v) H = Flip about horizontal axis.
P.X0).
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(vi) V = Flip about vertical axis.
(vii) D = Flip about the main diagonal.

(viii) D1 = Flip about the other diagonal.

Identify the motion that can act as identity under
the composition of two motions. Further, find out
the inverse of each motion. (9.9+1+3)

Show that the set G = (f, f,, f;, f,}, is a group
under the composition of functions defined as,
fog(x) = f(g(x)) for f, g in G, where

L{x) = x, L(x) = —x, L) 0xiix)="1/x for
all non-zero real number x. (7.5)

Define the inverse of an element in a group G.
Show that (a.b)"! = b-"a"! for all a, b in G. Further
show that if (a.b)"! = a"1.b”! for all a, b in G, then
G is Abelian. (4+3.5)

(a) Define Z(G), the center of a group G. Show that

Z(G) is a subgroup of G. 2t5.5)

(b) Define order of an element a in group G. Further

show that if order of a is n, and a™ = e, where m
is an integer, then n divides m. £2575.3)

(c) Find the generators of the cyclic group Z,. Further

describe all the subgroups of Z,, and find the

generators of the subgroup of order 15 in Z,.
L ot2)

(500)
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(a) Discuss the order of convergence O

f the Newton

(6)

Raphson method.

(b) Perform three iterations of the Bisection method

in the interval (1, 2) to obtain root of the equation

x3-x-1=0. (6)

(c) Perform three iterations of the Secant method to

obtain a root of the equation x2 — 7 = 0 with initial

approximations X, = 2, X; = 3. (6)

(a) Perform three iterations of False Position method

to find the root of the equation x* — 2 =0 in the

interval (1, 2). (6.5)

(b) Find a root of the equation x3 - 5x + 1 =0 correct

up to three places of decimal by the Newton’s
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Raphson method with X, = 0. In how many
iterations does the solution converge? Also write

down the order of convergence of the method

used. (6.5)

(c¢) Explain the secant method to approximate a zero
of a function and construct an algorithm to

implement this method. (6.5)

(a) Find an LU decomposition of the matrix

2¢ ¥ S
A=|6 20 10
4 & +0

and use it to solve the system AX = [0 4 1]%.
(6.5)

P.TiO.
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(b) Set up the Gauss-Jacobi iteration scheme to solve

the system of equations :

5x, + x + 2x, 10
3%, + IX, + 4x, = 14
x, *+ 2x2 - 7x3 = 33

Take the initial approximation as X» = (0,0,0) and

do three iterations. (6.5)

(¢) Set up the Gauss-Seidel iteration scheme to solve

the system of equations :

6x, — 2x, + x, = 11

—2xl + 7x2+ 2X, = 5

w

X, +2x2— ox, = -1

Take the initial approximation as X = (1,0, 0)

and do three iterations. (6.5)
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4. (a) Construct the Lagrange form of the interpolating

polynomial from the following data :

P 0 I 3
f(x) I 3 Gy

(6)

(b) Construct the divided difference table for the
following data set and then write out the Newton

form of the interpolating polynomial.

X 0 2 2
y -1 0 15 80
Hence, estimate the value of f(1.5). (6)

(c) Obtain the piecewise linear interpolating

polynomials for the function f(x) defined by the

data :

».T1.0.
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x -1 0 1 2
f(x) 3 -1 -3 1
(6)
difference

5. (a) Derive second-order backward

approximation to the first derivative of a function

f given by

PN {3 2/ R

(b) Use the formula

4, f(xo +h)—2f(xo) +f (X0 —h)
B o0 b
3

the second derivative of the

=¢*at "o" 0, taking h = 1, 0.1, 0.01

is the order of approximation.
(6)
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(c) Approximate the derivative of f(x) =1+ x + x> at
X, = 0 using the first order forward difference
formula taking h = %, % and 1/8 and then
extrapolate from these values using Richardson

extrapolation. (6)

6. (a) Using the trapezoidal rule, approximate the value

7
of the integral L Inx dx . Verify that the theoretical

error bound holds. (6.5)

(b) Derive the Simpson’s 1/3™ rule to approximate

the integral of a function. (6.5)

(c) Apply the modified Euler method to approximate

the solution of the initial value problem

.0,
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%-.-H-’ti,lstsz, x(1)=1 taking the step size as

h=0.5.

(6.5)
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Instructions for Candidates

i

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

All the sections are compulsory.

All questions carry equal marks.

Use of non-programmable scientific calculator is
allowed.

SECTION -1

Attempt any four questions from Section — I.

Sketch the graph of the function f(x) = x* — 4x + 10
by finding intervals where it increases and decreases,
relative extrema, concavity and inflection points (if
any).

E.T.0.
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Evaluate the following limit

lim (e" - l)l/ln ;

x—0"

Determine all the vertical and horizontal asymptotes
to the curve

s )

A manufacturer estimates that when x units of a
particular commodity are produced each month, the
total cost (in dollars) will be

1
C(x) = gxz + 4x + 200

and all units can be sold at a price of p(x) = 49 — x

dollars per unit. Determine the price that correspond
to the maximum profit.

If y = emsin'x Show that

(L_xB)y .. —(On .+ Dxy ., — (n?2 + m?)y_= 0.

SECTION - II

Attempt any three questions from Section — II.

Sketch the graph of the curve r = 2 cos 30 in polar
coordinates.
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10.

B E.

12.

13.

14.

3

Find an equ

- ation for a hyperbola that satisfies the
condition that the curve h

as vertices (0, +3 !

Ny ( ) and foci

Describe the graph of the equation :
9x2+4y2—18x+24y+9=0.

Identify and sketch the curve :

x* - xy +y2 -2 =09,

SECTION - 111
Attempt any four questions from Section — III.

Find the arc length of the parametric curve:
x=(1+t)2, y=(N+t)P3for0<t<l,

Find the area of the surface generated by revolving

the curve y = []g_x2 , -2 < x < 2 about the x-axis.

The region bounded by the curves y = /x, x = 4,

x=9 and y = 0 is revolved about the line x = 0.
Compute the volume of the resulting solid.

Find the length of the catenary y = 10 cosh(%j

from x = —-10 to x = 10.

Evaluate I sin?x cos?x dx.

RaX 0.
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&

16.

17

18.

1O

SECTION - 1V

Attempt any four questions from Section — IV.

Find lim| t3i+ M
t—3 |

3’+e3‘f<} :

If R(t) = In(t> + 1)] + (tan™! t)j + (\/t2+1)f< is the

position of a particle in space at time t. Find the angle
between the velocity and acceleration vectors at time
t=0.

Determine all values of t for which the vector function

F(t) = (e sin 3t)1 + (t* cos 3t)] is continuous.

A golf ball is hit from the tee to a green with an
initial speed of 125 ft/s at an angle of elevation of
45°. How long will it take for the ball to hit the green?

A shell is fired from ground level with muzzle speed
of 750 ft/s at an angle of 25°. An enemy gun 20,000
ft away fires a shot 2 seconds later and the shells
collide 50 ft above the ground at the same speed.
What is the muzzle speed and angle of elpvation of

the second gun?

(1000)



DEC-2023

Sr. No. of Question Paper

1572
Unique Paper Code 2352012302
Name of the Paper 3 DSC-8 : Riemann Integration
Programme N - B,Sc. (Hons.) Mathematics (NEP-UGCF 2022)'
Semester : 111

Duration : 3 Hours Maximum Marks : 90 ®

Instructions for Candidates

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

2. All questions are compulsory. Attempt any Three parts from each question.
3. All questions carry equal marks.

L. (a) Let f:[-1,1] > R be defined as follows:

(2 ifxeqQ
R ER

Show that f is not integrable on [-1,1].

(b) Let f:[a,b] » R be a bounded function. Show that if f is integrable on [a,

b], then for each ¢
> 0, there exists a § > 0 such-that U(f, P) — L(f,P) <¢ for every partition P of [a,b] with
mesh(P) < §. \

(c) Let f(x) = 3x + 2 over the interval [1,3]. Let P be a partition of [1,3] given by’ " op=
{1,3/2,2,3}. Compute L(f, P), U(f,!P) and U(f, P) = L(f, P).

(d) Let f:[a,b] > R be a bounded function. Show that if P and

Q are any\paftitions of [a, ‘b], then
L(f,P) < U(f, Q). Hence show that L(f) < U(f). I

-
© | e . -
2. (a) Prove that a bounded function f is integrable on [a, b] if andu only if there exists a sequence of
partitions (Pnen of [a,b), satisfying lim[U(f, B,) — L(f, B,)] = 0.
(b) Suppose that a function f defined on [a, b] is integrable on [a,c] and [c,b], where ¢ € (a, b).
Prove that f is integrable on [a, b] and that f: = fac f+ fcb 1.

(©) Lét fila,b] » R be a bounded function. Show that if f is Riemann integrable on [a, b], then it is
(Darboux) integrable on [a, b], and that the values of the integrals agree.

0 fort <1/3
(d) Fort € [0,1], let F(t) = {1 fort > 1/3.

Let f(x) = x2, where x € [0,1]. Show that f is F-integrable and that folf dF = f(1/3).

3. (a) Prove that every continuous function on [a, b] is integrable on [a, b].

st (betate and prove the Intermediate Value Theorem for Integrals.
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(c) (i) Show that lf x%cos®(e*) dx

(it) Give an example of a function f on [0, 1] that is not integrable for which [flis integrable on
[0, 1].
(d) Suppose that f and g are continuous functions on [a, b] such that f fdx= 1 4 g dx. Prove that
there exists x in [a, b] such that f(x) = g(x). ¢

4. (a) If f and g are two integrable functhpg on [a, b], then prove that (f + 9) is also integrable on [a, b].

(b) Prove that every piecewise monotonically increasing function on la, b] is integrable on [a, b].

# (¢) State Fundamental Theorem of Calculus-II. Hence or otherwise evaluate limj, _, o> |. :+h et’ dt.
n

(d) Let f be defined on R as

t fort < 0
f@®=4t2+1 for OR<itN=s?
0 forat:=>2"

Determine the function F(x) = fox f(t) dt.

(i) At what points F is continuous?
(i) At what points F is differentiable? Calculate F' at the points of differentiability.

5. (a) Find the volume of the solid generated when the region under the curve y = x? over the interval
[0, 2] is rotated about the line y = —i.

(b) Use cylindrical shells to find the volume of the solid generated when the region enclosed between
y= Vx ,x =4, x = 9 and the x-axis is revolved about the y-axis.

2
(c) Find the exact arc length of the curve y = x3 from x=1 to x = 8.
(d) The circle x? + y% = r? is rotated about the x-axis to obtain a sphere. Find the surface area of the
sphere.

6. (a) Discuss the convergence of following improper integrals:

. 1. % 5 o dx
@ fO xInx & (i) fl Vx3+x’
(b) Find a function f such that [ 1°° f converges, but [ 100 Jf does not converge. Justify your answer.
(c) Show that the improper integral fol tP~1(1 —t)91 dt converges if and only if p and q
are positive.

(d) Show that
(i) I(p+1)=pI(P) forall p>0,

@ij) TI(m=@m-1)! forallneN.
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L. (a) Let f:[-1,1] > R be defined as follows:

(2 ifxeqQ
R ER

Show that f is not integrable on [-1,1].

(b) Let f:[a,b] » R be a bounded function. Show that if f is integrable on [a,

b], then for each ¢
> 0, there exists a § > 0 such-that U(f, P) — L(f,P) <¢ for every partition P of [a,b] with
mesh(P) < §. \

(c) Let f(x) = 3x + 2 over the interval [1,3]. Let P be a partition of [1,3] given by’ " op=
{1,3/2,2,3}. Compute L(f, P), U(f,!P) and U(f, P) = L(f, P).

(d) Let f:[a,b] > R be a bounded function. Show that if P and

Q are any\paftitions of [a, ‘b], then
L(f,P) < U(f, Q). Hence show that L(f) < U(f). I

-
© | e . -
2. (a) Prove that a bounded function f is integrable on [a, b] if andu only if there exists a sequence of
partitions (Pnen of [a,b), satisfying lim[U(f, B,) — L(f, B,)] = 0.
(b) Suppose that a function f defined on [a, b] is integrable on [a,c] and [c,b], where ¢ € (a, b).
Prove that f is integrable on [a, b] and that f: = fac f+ fcb 1.

(©) Lét fila,b] » R be a bounded function. Show that if f is Riemann integrable on [a, b], then it is
(Darboux) integrable on [a, b], and that the values of the integrals agree.

0 fort <1/3
(d) Fort € [0,1], let F(t) = {1 fort > 1/3.

Let f(x) = x2, where x € [0,1]. Show that f is F-integrable and that folf dF = f(1/3).

3. (a) Prove that every continuous function on [a, b] is integrable on [a, b].

st (betate and prove the Intermediate Value Theorem for Integrals.
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(c) (i) Show that lf x%cos®(e*) dx

(it) Give an example of a function f on [0, 1] that is not integrable for which [flis integrable on
[0, 1].
(d) Suppose that f and g are continuous functions on [a, b] such that f fdx= 1 4 g dx. Prove that
there exists x in [a, b] such that f(x) = g(x). ¢

4. (a) If f and g are two integrable functhpg on [a, b], then prove that (f + 9) is also integrable on [a, b].

(b) Prove that every piecewise monotonically increasing function on la, b] is integrable on [a, b].

# (¢) State Fundamental Theorem of Calculus-II. Hence or otherwise evaluate limj, _, o> |. :+h et’ dt.
n

(d) Let f be defined on R as

t fort < 0
f@®=4t2+1 for OR<itN=s?
0 forat:=>2"

Determine the function F(x) = fox f(t) dt.

(i) At what points F is continuous?
(i) At what points F is differentiable? Calculate F' at the points of differentiability.

5. (a) Find the volume of the solid generated when the region under the curve y = x? over the interval
[0, 2] is rotated about the line y = —i.

(b) Use cylindrical shells to find the volume of the solid generated when the region enclosed between
y= Vx ,x =4, x = 9 and the x-axis is revolved about the y-axis.

2
(c) Find the exact arc length of the curve y = x3 from x=1 to x = 8.
(d) The circle x? + y% = r? is rotated about the x-axis to obtain a sphere. Find the surface area of the
sphere.

6. (a) Discuss the convergence of following improper integrals:

. 1. % 5 o dx
@ fO xInx & (i) fl Vx3+x’
(b) Find a function f such that [ 1°° f converges, but [ 100 Jf does not converge. Justify your answer.
(c) Show that the improper integral fol tP~1(1 —t)91 dt converges if and only if p and q
are positive.

(d) Show that
(i) I(p+1)=pI(P) forall p>0,

@ij) TI(m=@m-1)! forallneN.
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i (a)

(b)

()

(i1)

(1)

(i1)

2

Define covering relation in an ordered gey
and finite ordered set. Prove that if X ig any
set, then the ordered set @ (X) equipped with
the set inclusion relation given by A < B iff
A < B for all A,B € @(X), a subset B of
X covers a subset A. of Xiff B=A u {b}

for some b € X - A.

State Zorn’s Lemma.

Give an example of an ordered set (with
diagram)'with more than one maximal element

but no greatest element. Specify maximal

elements also.

Define when two sets have the same

cardinality. Show that
e Neand Ny = DNCrH)
e Z and 2Z

have the same cardinality.
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(¢) Let N, be the set of whole numbers equipped
with the partial order < defined by m <n if and
only if m divides n. Draw Ha_sse diagram for the
subset S = {1,2,4,5,6,12,20,30,60} of (N, <). Find

elements a,b,c,d € S such that avb and c A d

does not exist in S.

2. (a) Define an order preserving map. In which of
the following cases is i:h_e‘ map ¢: P = Q' order
preserving?

(i) P = Q = (N,, <) and ¢(x) ='9_,{ (n € N, is
Bkl A A
i) P = Q = (p(N),c) and ¢ defined by
Ll lell
{2} 2eU and 1¢U,

P.T.O.
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where N, be the set of whole numbers equipped
with the partial order < defined by m<n iff m
divides n and @ (N) be the power set of N
equipped with the partial order given by A < B iff
A < B for all A,B € p(N).

(b) For disjoint ordered sets P and Q define order
relation on P U Q. Draw the diagram of ordered
sets (i) 2 x 2 (ii) 3 U 3 (iii)) M, ® M, where

M, = 10a®l.

(c) Let X = {1,2,..., n} and define ¢: p(X) > 2" by
<P(A) = (&5..., €,) where

I e
&=
Y lo if igA

Show that ¢ is an order-isomorphism.

3.2 (8) LetHs and K be lattices and f: L — K a lattice

homomorphism.
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(1) Show that if M e Sub L, then f(M) € Sub
K.

(i) Show that if N € Sub K, then f!(N) e
Sub, L, where Sub,L = Sub L U @.

(b) Let L be a lattice.

(i) Assume that b<a <b v c for a,b,c eL.

Show that avec = bve.

(ii) Show that the operations v and A are

isotone in L, i.e. b<c=>aAb<ancand

a~:bLans e

(c) Let L and M be lattices. Show that the product

L x M is a lattice under the operations v and A

defined as

(xl,yl) N (xzayz) = (x1 VXYV yz)a

-

o (xpyl) A (7.‘2,)'2) = ~(x1 AXy YA Y2)

S0
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R (a) Let L be a distributive lattice. Show that Vx, y, 7 ¢

5

L, the following laws are equivalent :
() xv(yaz) = (xvy) A (xv2)

() x A(yvz) = (xXAy) VvV (xA2)

e

(b) Define modular lattices. Show that ever)

distributive lattice is modular. Is the converse true!

Give arguments in support of your answer.

(¢) (1) Prove that for any two elements x, y in |

lattice L, the interval

[x,y] := {a € LIx<a<y} is a sublattice o

{65

(i) Let f be a monomorphism from a lattice |

into a lattice M. Show that L is isomorphic t

a sublattice of M.
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(a) () Prove that (x Ay)' = x' v y’ and (xvy)' =

x'Ay' for all x, y in a Boolean algebra.
Deduce that x <y <> x' > y' for all x,y € B.

(i) Show that the lattice B = ({1,2,3,6,9,18}, ged,
lem) of all positive divisors of 18 does not

form a Boolean algebra.

(b) Find the conjunctive normal form of

(x; + X, + x)(XX, + XX;)’

(c) Use a Karnaugh Diagram to simplify
P = XXX, Hex Xl X X+ XX XX & X030, X
(a) Use the Quine-McCluskey method to find the
minimal form of

wxyz' + wxy'z' + wx'yz + wx'yz' + w'x'yz +

wlxlyzf + wlxlylz

P T.0.
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(b) Draw the contact diagram and determine the

symbolic representation of the circuit given by

p = X, X,(X3+x,) + X, X, (X51X¢)

(c)‘Give mathematical models for the following

random experiments

(i) when in tossing a die, all outcomes and all .

~

combinations are of interest.

(ii) when tossing a die, we are only interested
whether the points are less than 3 or

greater than or equal to 3.

(3000)

)
/

)
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(b) Determine and sketch the set of pairs (x,y) on

R xR satisfying the inequality [x| < |yl.

(¢) Find the supremum and infimum, if they exist, of

the following sets :

(i) {sin%: ne N}
(ii) {(i e > 0)}

1
(d) Show that Sup {1+H3HGN}=2.

2. (a) Let S be a non-empty bounded subset of R. Let

a > 0 and let aS = {as: s € S}. Prove that

Sup (aS) = a( Sup S)
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(b) If x and y are positive rational numbers with x <y,

then show that there exists a rational number r

such that x<r<y.

(c) Show that inf{l:neN}=0.
n

(d) Show that every convergent sequence is bounded.

Is the converse true? Justify.

3. (a) Using definition of limit, show that

. ol ) i s
lim _i——=—
nso 2n? +5n+7 2

(b) Show that if ¢ > 0, lim (c)}/n — -

n—oo
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(¢) Show that, if x, = 0 for all n, and (x ) is convergent

then <\/Xn> is also convergent and

lim «/xn = /lim : 37
n—oo n—o

(d) Show that every increasing sequence which is

bounded above is convergent.

4. (a) Letx, =1 and X, = 2%, for all n. Prove that

<xn> is convergent and find its limit.

(b) Prove that every Cauchy sequence is

convergent.
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(¢) Show that the sequence (x,) defined by
1 1
Xp =14=4 =4 t—, foralln e N
! n!

1S convergent.

(d) Find the limit superior and limit inferior of the

following sequences :

)y x-=1-1}J- (14—1), for all n € N
n

1 n+l
(ii) Xn=(1+;j . forall n e N

5. (a) Show that if a series X a_ converges, then the

sequence (a,) converges to 0.

0.
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(b) Determine, if the following series converges, using

P ~ an ’
the definition of convergence, Zlog —1glVen

n+l

that a >0 for each n, lim a_=a, a>0.
’ n—»o0

(c) Find the rational number which is the sum of

the series represented by the repeating decimal

0.987 .

(d) Check the convergence of the following

series :

oy

et

(ii) Zsin(n—lz-)
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6. (a) State the Root Test (limit form) for positive series

Using this test or otherwise, check the convergence
of the following series

(1) Z(n%‘ —l)n

(11) Z s

(n+1)'12
(b) Check the convergence of the following series :
: w 1
) Lunes| log n

® 2(3)

(c) Define absolute convergence of a series. Show
that every absolutely convergent series is
convergent. Is the converse true? Justify your
answer.

..




following series for absolute
or

1591

(d) Check the
conditional convergence :

0 (-0 (;(59;3—5)

@ D (5)
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SECTION A (@% W)

Question 1 is compulsory. (15%2=30)

g 1 sfAad 21

is closed (i.e. no

(i) Assume that the economy

ere is a decreasc in taxes.

import or export). Th
Medium Run

What happens 10 interest rate in
due to the Labour Market?

(a) Increase¢
(b) Decrease
(c) Unchanged

(d) Indeterminate
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(i) The permanent income of a consumer in

Friedman’s model of consumption is

(a) Present value of her income/interest rate
(b) Present value of her income X interest rate
(c) Interest rate/ Present value of her income
(d) None of the above

(iii) Which of the following event increases natural

rate of unemployment?

(a) Decrease in Government Spending

(b) Increase in Real Money Supply |

(c) Decrease in competition ambngst firms

(d) Weakening of Labor Union

(iv) Assume that expected inflation follows @ =7, ;.
What inflation level is consistent with the

government maintaining output below the natural

level? - ' .
(a) Positive Inflation
(b) Negative Inﬂatioh

(¢) Zero Inflation

21.0.
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(d) All of the above

(v) Which of the following variables will change ip,

the long run in response to a demand shock if
prices are able to adjust fully?

(a) Unemployment
(b) Output and unemployment
(c) Price level

(d) None of the above

(vi) The life cycle hypothesis implies that in a-growing
economy with increasing social security benefits
for old-age people may

(a) Increase gross private savings
(b) Reduce gross private savings
(c) Increase gross government savings

(d') Increase aggregate savings

(vii)) What 'happens to the short-run Aggregate Supply
curve as the money wage rate rises?

(a) the short-run aggregate supply curve shifts
rightward.
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(b) the short-run aggregate supply curve shifts

leftward.

(¢) the long-run aggregate supply curve shifts

rightward.

(d) both the long-run aggregate supply curve
and the short-run aggregate supply curve
shift leftward.

(viii) According to the pipeline theory, inventory

investment is

(a) Countercyclical :
(b) Procyclical
(c) Both (a) and (b)

(d) Constant overtime

(ix) Which of the following best explains( how an
economy could simultaneously experience high
inflation and high unemployment?

(a) The government increases spending without

_increasing taxes.
(b) Inflationary expectations decline.

.'_(c_) Women and teenagers stay out of the labor

force. -
' 5 55 KL
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(d) Negative supply shocks cause factor prices
to Increase.

(x) According to Friedman the covariance between

current consumption and transitory income is

(a) Greater than zero
(b) Less than zero
(¢) Equal to zero

(d) Equal to 1

(x1) The modified Phillips curve tells us that the only
way to reduce inflation is through

(a) unemployment rates higher than the natural
rate

(b) expansionary fiscal policy

(¢) unemployment rates lower than the natural
rate

(d) contractionary fiscal policy

(xii) The natural rate of unemployment depends on
all of the following except :

(a) The level of unemployment insurance

(b) The mark-up
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(x1v)

7

(¢) The bargaining power of workers with firms

(d) Money supply

In terms of the Phillips Curve, wage indexation

results in

(a) a weaker/flatter relationship between

unemployment and changes in inflation.

(b) no effect on the relationship between

unemployment and changes in inflation.

(c) a stronger/steeper relationship between

unemployment and changes in inflation.

(d) an ambiguous effect that depends on the

mark-up of firms.

The stagnation thesis formed around 1940 was

based on the ground that

(a) If the marginal propensity to consume
(MPC) < average propensity to consume
(APC) is accepted, then government
expenditure share to GDP (g/y) must be
increasing with GDP (y) to balance the

_drop in APC to maintain full-employment

demand.

£ 1.0.
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(b) If MPC < APC is accepted, then g/y must
be decreasing with y to balance the increase

in” APC to maintain full employment

demand.

(c) If MPC > APC is accepted, then g/y must

be increasing with y to balance the drop in

APC to maintain full employment demand.
g/y must

f MPC = APC is accepted, then

(d) I
e the increase

be decreasing with y t0 balanc

in APC to maintain full-employment

demand.

(xv) According to the Phillips curve, unemployment
will return to the natural rate when:
(a) Nominal wages are equal to expected

wages

(b) Real wages are back at long-run equilibrium
level

(¢) Nominal wages arc growing faster than
inflation

(d) Inflation is higher than the growth of

nominal wages
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(@) afR MPC < APC ® #wr #¢ o wmen 2,
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(a)WWw@ﬁq@%M%

SECTION B (@e @)
Attempt any 6 out of the following 8 questions.

Each question carries 5 marks. (6x5=30)

ﬁw%ﬁaﬂsmﬁﬁ%ﬁ#fawﬁmwaﬁq.
qdAF U B 5 FF B

2. (a) Describe the concept of NAIRU. What are itg

. determinants?

(b) Can NAIRU change with time and across

countries? (2+3)

(%) TARHAEHRG A FEURON 0 Ao TR Fruien

o 87

.(ﬁ) T TAUAEHRG §H sﬁiéﬁ%mmm%?

3. (a) The Phillips curve is m, = & + (n+2z) — au,.
Rewrite this relation as a relation between the A
deviation of the unemployment rate from the

natural rate, inflation, and expected inflation.
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(b) Online job websites are getting popular amongst
job-seekers and enable them to connect with
employers easily. What impact should this have
on the natural rate of unemployment in an

economy? (3+2)

(F) fhferw &% n, = n° + (p+2) — au, 38 &G &
mﬂ,mﬁaﬁmgmﬂﬁﬁ%%&mnfra
F fiua & 9 @@y @ = A fiw ¥ fofaw

(@) ST AHY AqAEe AHd aEY 9@ @ 9 Awng
B @ T IR IR P @ W I ¥ ey
W S 21 AT A QAT F R W W®
ma&rmma@q?

Determine the price-earnings ratio for a stock using
‘the arbitrage argument for financial investment. Can

this measure be used to detect bubbles in the stock
market? (5)

- ST S FuiRe AR w58 3o w5 s s
mimmwm%mmmmv
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5 “Disinflation typically leads to a period of higher
unemployment.” Explain. What is the basis of Lucas’
assertion that the unemployment costs of disinflation
can be reduced significantly? Do you expect faster

disinflations to be associated with lower sacrifice

ratios? (5)

« i T AR W I AT A I A AR A W
27 we RN gFE @ @ @ uR w2 sy
t RANY AR A F HA AT S FHA 87 T W
IR @ ¢ & Ag FEeny 9 Gn J0d ¥ J9 e ?

6. (a) Compute the real interest rate using the exact

formula and the approximation formula for i = 4%;
S = 2964

(b) Explain possible reasons for the firms to pay higher

than market-clearing wages. (2+3)

(F) ¥8F GF IR FTAT G N ST TS UR AR
W H A R i = 4%; 7°=2%.

(@) HH N AR - TN AR A S WA T F
IR SR H W FHifow|
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Following the intertemporal optimising model of
consumption, derive the intertemporal consumption
relation with the interest rate (r) and future-utility
discounting factor (8). Provide a graph along with the
economic reasoning behind the typical consumption
path to be obtained for different relative magnitudes
of r and 0. (3+2)

I D ICRTART AT Higel ol el & 8¢, SISl
= (r) IR - IR G FRE (5) D A CCHRA
w9 G99 W FIRWI r AR 6 & AT ane iAo &
fog W e o= 9 fafiee ST T @ 99 e 9@

%mwmﬁaémaﬁﬁm

Discuss an alternative theory of consumption that
modifies the intertemporal budgef constraint used in
the intertemporal optimising models of consumption.
Flow does this alternative theory modify the
consumption path proposed in Ando-Modigliani’s model

of consumption (i.e., Life Cycle Hypothesis)? (5)

m%meWaﬁaﬁmﬁtm%
FCRHRA il Aieet § ITANT fhy T A TeRvaRE

| W A Y G FRar 31 48 o Rigia v - A Rs

%wﬂn%wﬁa(ﬁ,aﬂquﬁ‘dmw)#uwﬁa
SUHR H R RY AR awer 27

FFO,
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0 Fiscal policy as well as Monetary policy cannot change

the level of output in the medium run. Why is then

monetary policy considered neutral but not fiscal

policy? L = 49)

aeEni 93 2 9g-9g ARs A que ey ¥ I
2 = F 98 "o 9Fa 21 @ fw AfRE Ay F aTH
=0 W WA e qasmg Aifd & J8 7

SECTION C (@ )

Attempt any 3 out of the following 4 questions.

Each guestion carries 10 marks. (3x10=30)
fefafien 4 vt ¥ 3 fa=dl 3 WEH @ I Ao
¥EF g5 3 v 10 HF 2l

10. In a faraway country, the total population is 5000
people (all of them non-institutional civilian people),
3000 are working and 250 are looking for a job.

(a) What is the size of the labour force? What are
the participation rate and unemployment rate?

3)

(b) In this economy, the labour productivity is 1. And
the wage-setting process is described by

-
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W\
e

Z-100u, Where 7 is the unemployment

insurance provided by the government and u is
the unemployment rate, What is the Price Setting
equation for a mark-up level p 1.57 Show

s s )
graphically and mathematically. (2+1)

(¢) What is the natural unemployment rate (show it

graphically as well), natural level of employment

v W AW A, HA FWE 5000 @ B (TN A @
R - FEE wﬁq{?), 3000 W & W ¥ AR 250 AEHA
F For A B

() =@ wfea & MHR w37 WEled IR R
o w87

R R O R

(@) T8 Fdemaer A, s Jearaehar 1 B aﬁtwqﬂ-ﬁu‘fm

ufgar &1 auiF fahar war 2) P—VZ=Z—100u, et Z

WEHR g Ve fFar T arer SeEnd e 8 SR °
R R} B A @ W o= 1.5 fow =
fAiieor wireor @/ 27 @rEE AR i w1 @ euiv)

P.L.0.

and natural level of output if Z = 59 (2+1+1).



1.

~How does Lucas’s supply relation describe the
possibility of the output in any economy to deviate
from its full capacity level? What characteristic(s) of
the rational expectation is (are) are required to prove
the policy effective proposition. Using the model
proposed by Sargent and Wallace (1976), explah1‘
the possibility of ineffectiveness of expansionary
monetary policy to increase output from its full capacity

level. (2+2+6)

AT T I G R N et ¥ TerET Y e
H H oot eEar W) A fafom s @ dE @ oavE
A e B2 AN R e A e w @ g ada
Fen it w1 faRvan ?) asie JR g (1976) 20 wEEd

WA H ITART FQ §Y, FTN U &A1 TR 4 IAeA deH

3 fv Rwrad AT A N w5 aEE )
m!ﬂﬁm
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13.

Explai iabi
: plain the short-run variability and long-run constancy
of the '
A ratio of consumer expenditure to income with
the . B o'
evel of income, in light of the Permanent Income

Hypothesis of consumption postulated by Friedman.

(10)

uﬁ@?mwﬁmﬁamaﬁwﬁmqﬁmﬂr%m
?fm%wa}mmmaﬂ?m%mﬁ
mqﬁaﬁﬂﬁwﬁzmmaﬁmaﬁm|

Suppose a house in X-Y city can be rented for

Rs. 30,000 monthly. The house depreciates at the rate
of 5 percent per year, the annual interest is 10 percent,

and mortgage interest 1s tax deductible, where the

relevant tax rate is 30 percent. Following the arbitrage

argument in residential investment,

(a) Determine the change in the house-price, 1n €ase
of a reduction in the downpayment rate from 25
cted annual growth

to 15 percent, given the expe
percent. What do

£ the house-price is at 8
you infer regarding the cause O

bubble from this change in house

rate O
f the housing price

-price.
(4+1)

pP.T.O.
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(b) Determine the change in the house-price, in case
of an increase in the expected annual growth rate
of the house-price from 8 to 10 percent, given
downpayment rate is at 25 percent. What do you

g the cause of housing price bubble

(4+1)

infer regardin

from this change in house-price.

W e f&F X-Y 98 ¥ & W 30,000 T Wik A e
wﬁmwm%nmmuﬁaﬁsaﬁmaﬁaﬂm

gt 8, aiffe =arst 10 9 8, 3R duE @S & werdl
g B, mmﬁﬁwasoméumﬁﬂﬁ%m%

figT T &
(&) Wwaﬁzsﬁlsmaﬁaﬁ%m
¥, W&ﬁaﬁﬂaffqﬁaﬁwﬁuﬁwa&m,m

a@agqﬁmaﬁaﬁwaﬁaﬁamﬁaﬁqﬁ:a
£aq A 29 Rad 4 S

aﬁafmwaqgm#am%%'n
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2. &= urer vl & I A |
3. TEWE-TFHIIN aﬁsﬂm%ﬁ%ﬁwmﬁm,éﬁw

T ST & WA T & DA AR |

1. Answer the following questions :

(a) Explain the concepts of producer surplus and
consuiner surplus. Consider a market for apples.

Suppose the supply of apples rises. What happens

to consumer and producer surplus at the new

)

equilibrium in the market for apples?

(b) What is Price Ceiling? Does a price ceiling fixed

by the government always change the market

outcome? Give reasons for your answer. 9)

ﬁmﬁiﬁﬁuﬁ%waﬁv:
a&ﬂﬂaﬁaameifaﬁ

() e SRR SR IR
m@.ﬁ%mwmwﬁwﬁlmw
Jq B TR ¥ Y HGEAT
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. Answer the following questions :

(a) Rahul is consuming two goods X and Y. His income

is Rs. 100. Price of Good X is Rs. 10 and the

price of Good Y is Rs. 10. 9)

(i) Given the above information, draw the

budget line for Rahul.

(i) Suppose the price of Good X decreases to

Rs. 5. How will the budget line for Rahul
change?

ase in the price of Good

(iif) Instead of a decre
s. 200.

X, Rahul’s income increases to R

How will thé brudget line for Rahul change,

in comparison to Part (1)?
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(b) What is an indifference curve? Explain the
properties of indifference curves. (9)

R=fofes et @ 3= afse:

(F) Vg 2 Fgsh X IR Y &1 IUHAT W @ B IS
HF 100 T9F B FEG X & AT 10 T B IR a6
Y @ #d 10 T3 B

(i) SWEFT TAFFA F @S §T g & ol Fwie
@ Y
(i) w7 e fF a5 X & @a 9eax 5 T

B W 31 Ugd @ foly wuie W i wean?

(i) o6 X & Fa ¥ &AW B I99, TEA B AG
200 ¥YQ T& 9¢ WK 21 WRT (i) F o A,
TEd & fog woie W@ @8 Feanl?

(@) SeRiFa@ a% ¥ 27 JeAGWAl dw ® AT

A ?
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3 » .
3. Answer the following questions :

(a) Whenever interest rates on savings increase,
households tend to save more. Is this statement
true or false? Explain with the help of income and

substitution effects. (9)

(b) It is observed that at the existing equilibrium in
the market, demand is highly inelastic while the
supply is highly elastic. If the buyers have to pay
a tax of Rs. T for each unit tﬁey buy, who will

bear the higher burden of tax: buyer or seller?

Explain why. 4 b ' )

fsfafias 9ol @ I G :

() mﬁmwmﬁm%",ﬁrwﬁaﬂmm
m%avﬁé‘mqgwaé’r%mm? AT T4
uﬁmmma%m%m@?

i1 .
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ﬁ@mgﬁ@zﬁm’l‘mmwﬂm,@,
ﬁmmmﬁwmm:mmﬁ@m?

FHAEY R 7

4. Answer the following questions :

(a) What is a Production Possibility Curve (PPC)?
Explain why under the usual assumptions, PPC is
bowed outward (concave to the origin). What will
be the shape of the PPC if the opportunity cost of |

Good Y in terms of Good X is constant? 9)

(b) What will be the shape of indifference curve if

the two goods are: 9
(i) Perfect Substitutes
(ii) Perfect Complements

(iii) One good is economic good, other i

economic bad
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s o ® W S

(F) IET AWE A (NNR) wm B A B A
RO R aww, MR awe A oA (g Ry @
AR o) O g g R AR aeg Y A FEAE
TE T X B ol ¥ for @ @ PPC w1 FER 40
arm?

(|) ot @ agY ¥ A IeEAAT T H FT BT
(i) o7 wfoeuraT
(i) T TF

(i) v T e T A o 2, @A FFE W

¥ &

5. Answer the following questions :

(a) Differentiate between economies of scale and

economies of scope. e 9)

X E:L)

e
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(b) 1llustrate and explain the concept of Law of
Variable Proportions. In this context, differentiate
between increasing returns to a factor, constant
returns to a factor and decreasing returns to a

factor? )
Sy v ® S AR

(=) ﬁﬁﬁﬁm&ﬁte@aﬂma‘»%‘hﬂm

§dg ?

(=) vﬁaﬁ“s@m%ﬁmaﬁmaﬁwﬁaﬂt
ml%ﬂﬁaﬁﬁ,fa@mmméﬁa{,m
meﬁz#sﬂtﬁ?@mmmﬁﬁ%
g FaR T

6. Answer the following questions :

(a) Differentiate between explicit cost and implicit cost
of a firm with the help of an example. In this

e difference between economic

)

context, explain th

profits and accounting profits.
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(b) Define perfect competition., What are its main

(9)

characteristics?

ffofad 9 & IR A

(F) Wmﬁm%ﬁnﬁmﬁaﬁwm&ﬁ?
SafiRT arT @ 9 AR B 3@ geo A, nfdd o
3R A@HT AN ® AT HAR W AR

(@) @aﬁﬁmﬁmﬁlwg@ﬁﬂwwﬁw
44

7 Answer the following questions :

(a) Differentiate between shut down point and exit

point of a firm in a perfectly competitive market.

%)

market

(b) Consider a firm 1n a perfectly competitive
Rs. 24

for sugar. The market price for sugar is
per kg. The marginal cost function for this firm 1s
given by: MC =3 + 7Q. Calculate the quantity of

sugar that this firm will be selling in the market at

DT O



2309 10

equilibrium. What will be the total revenue,

average revenue for the

9)

marginal revenuc and

firm?
frfafad ¥ @ IR AT

(m)@uﬁwﬁmﬁﬁ?ﬁmﬁ%mmﬁgaﬂ?
frew fig & 9" FR H

(=) ﬁ%m@qﬁwﬁmﬁwﬁwﬁmﬁl
ﬁwmﬂ@umﬁuﬁm%lsﬂ
mﬁ%mmmwsﬂmﬁmm%:
MC=3+7Q-&|ﬁaﬁma&ma&'€tu€wﬁ
ﬁga?mm'ﬁa%ﬁuwﬁmagwm,mm
R 3iaa ToEd I BAM

8. Answer the following questions :

(a) Consider a firm producing output (Y) using labour
(L) and capital (K) in a perfectly competitive
market In each of the following production

functions, determine whether the firm 1is facing
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il\Cl'CﬂQi]] Y
" ret
g urns to Scale or decrcasing returns

to scale or «
’ O Constant returns to scale.

) Y=g
(i) Y = JLK 9)

(b) II} continuation of Part (a), if suppose the firm is
producing 100 units of output. Write the equation

of isoquant for the two production functions given

in Part (a). )
Ffolaa 9aen & Saw Qi :

(=) Tof wRwas e ¥ s (L) kgeR (K) &1 ST
@ I (Y) T I T A v W W R
| FrafeRag I e & A TaE A, I8 AU
o A W e Ret A M W AR
Resf a1t W PR Rest &1 a9t e 18 W@ 2

() Y = LK

@) Y = IK

P.T.0,
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(@|) s (a)!ﬁfﬁﬁmif,uﬁm&fkwﬁmomﬁf
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