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Group A

1. Letk be a fixed positive integer greater than or equal to2. Let

f1(x) = x+k−1
k

for x ∈ R, and
fn(x) = f1(fn−1(x)) for x ∈ R andn ≥ 2.

Find lim
n→∞

fn(x), if it exists, forx ∈ R. [10]

2. Let a < b < c < d be four real numbers, such that all six pairwise
sums are distinct. The values of the smallest four pairwise sums are
1, 2, 3 and4 respectively. What are the possible values ofd? Justify
your answer. [10]

3. Consider the5× 10 matrixA as given below.

A =




1 6 11 16 21 26 31 36 41 46
2 7 12 17 22 27 32 37 42 47
3 8 13 18 23 28 33 38 43 48
4 9 14 19 24 29 34 39 44 49
5 10 15 20 25 30 35 40 45 50




Let a set of ten distinct elementsb1, b2, . . . , b10 be chosen fromA such
that exactly two elements are chosen from each row and exactly one
from each column. Show thatb1 + b2 + · · · + b10 is always equal to
255.

[10]
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Group B

Section (i): Mathematics

1. Define a sequence{xn}∞n=1 as follows:

x1 = 0,
xn+1 = axn + 1

n
, for n ≥ 1 and somea > 0.

Show that the sequence{xn}∞n=1 is bounded iff0 < a < 1. [14]

2. (a) Test the following series for convergence

∞∑
n=1

(n
1
n − 1)n

(b) Find all the limit points of the set

A = {n2 +
1

m2
: n,m ∈ Z,m 6= 0},

whereZ is the set of integers.

[7+7=14]

3. Letn be the cardinality of a setA andm the cardinality of each of the
setsB andC, whereB,C ⊆ A.

(a) What are the possible values of|B ⋃
C|, where|S| denotes the

cardinality of the setS?

(b) For a given value ofk, in how many ways can the elements ofB
andC be chosen so that|B ⋃

C| = k?

[5+9=14]

4. (a) Letf be a real-valued function such that

|f(x)− f(y)| ≥ |x− y|, ∀x, y ∈ R.

Show that there do not exist real numbersa, b, c such that

a < b < c with f(a) < f(c) < f(b).
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(b) Find lim
x→0

1

x

∫ x2

0

f(t) dt, where

f(t) =

{
sin t

t
, if t 6= 0

0, if t = 0

[7+7=14]

5. Consider the following matrix



1 1 1 0
1 1 0 1
1 0 1 1
0 1 1 1




(a) Find one eigen-value of this matrix and its corresponding eigen-
vector. Justify your answer.

(b) Show that the sum of three of its eigen-values is1.

[7+7=14]

6. (a) LetA be a square matrix such thatA2 = mA, wherem (6= 0) is
any real number. Show that

tr(A) = m× rank(A),

wheretr(A) denotes the trace ofA.

(b) Consider the matrix

A =




3 0 0

0 4
√

3

0
√

3 6




Find tr(A−1).

[9+5=14]

7. Consider the two sets given below and the operations defined on them.

• S1 = {1, 2, . . . , 20} with the operation ‘*’ as multiplication
modulo 21.

• S2 = {1, 2, . . . , 22} with the operation ‘.’ as multiplication
modulo 23.
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(a) Are (S1, ∗) and (S2, .) groups? Justify your answer using the
definition of a group.

(b) In case any one of them is a group, find the inverse of7 in it and
also find a non-trivial subgroup of that group.

[7+7=14]

8. (a) Find the surface satisfying the differential equation

x
∂2u

∂x2
+ 2

∂u

∂x
= 0,

with boundary conditionsu = 0 wheny2 = 4ax, andu = 1
wheny2 = −4ax.

(b) Find real numbersα andβ such that the differential equation

d2y

dx2
+ (α− 3)

dy

dx
+ αy = 0

hasy = A cosβx + B sinβx as its general solution for arbitrary
constantsA, B.

[7+7=14]

Section (ii): Statistics

1. (a) Let(X, Y ) be a random vector having a joint bivariate distribu-
tion with density

f(x, y) =

{
1 for 0 < y < x− bxc and0 < x < 2
0 otherwise,

wherebxc refers to the largest integerstrictly less thanx. Find
E(X), E(Y ), Var(X) and Var(Y ).

(b) LetX be a random variable with density

f(x) =





x for 0 < x ≤ 1
x− 1 for 1 < x < 2
0 otherwise.

Find the distribution ofY whereY = |X − 1|. [7+7=14]
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2. (a) Does there exist a pair of random variables(X,Y ) satisfying

(i) Var(X) = Var(Y ) = 1,

(ii) Var(X + Y ) = 2 and

(iii) Var(X − Y ) = 1
2
?

If your answer is yes, give an example of such a pair of random
variables. Otherwise, justify your assertion.

(b) Suppose that a sequence of random variables{X0, X1, X2, . . .}
is defined by the following recurrence relation

X0 = 0, Xn = pXn−1 + Zn, for n = 1, 2, . . . ,

where0 < p < 1 is fixed andZ1, Z2, Z3, . . . are random vari-
ables satisfying Var(Zn) =1 for n ≥ 1 and Cov(Zn, Zm) = 1

3
for

n,m ≥ 1 andn 6= m. Find Var(X3).

[5+9=14]

3. A binary message, either 0 or 1, is to be sent from location A to loca-
tion B. It is decided to transmit the value +2 if the message is 1 and
value -2 if the message is 0. There is a random transmission errory
so that a valuex sent from A is received asR = x + y at B.
Suppose the decoding at B follows the rule that ifR ≥ 0.05, the
message is decoded as 1 while it is decoded as 0 ifR < 0.05. If
we assume thaty ∼ N(0, 1), which of the two errors is more likely,
decoding a message 1 as 0 or a message 0 as 1 ? [14]

4. LetX1, . . . , Xn be iid observations from aN(µ, 1) distribution, where
µ is an unknown real number.

(a) Find the Minimum Variance Unbiased Estimator ofeµ based on
X1, . . . , Xn.

(b) Show that this estimator does not attain the Cramer-Rao lower
bound for the variance of any unbiased estimator ofeµ based on
n iid observations from the assumed distribution.

[7+7=14]
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5. (a) LetX1, . . . , Xn be iid U(θ − 1, θ + 1) whereθ is an unknown
real number. Show that for any real numberα ∈ (0, 1),

α(X(n) − 1) + (1− α)(X(1) + 1)

is a maximum likelihood estimator for the unknownθ, where
X(1) andX(n) are the smallest and largest sample observations
respectively.

(b) LetX1, . . . , Xn be iidN(µ, 1) whereµ is only known to belong
to the set of all integers. Find a maximum likelihood estimator
for µ based onX1, . . . , Xn.

[7+7=14]

6. (a) LetX1, X2, . . . , Xn be iidN(µ, 1). We would like to test

H0 : µ = 0 vs. H1 : µ = 1,

with α = 0.05 andβ ≤ 0.05, whereα andβ are the probabilities
of type I error and type II error respectively. Is it possible to find
such a test forn = 8? Is it possible forn = 100?
You may takeΦ(1.64) as 0.95, whereΦ(.) is the cumulative
distribution function of the standard normal variate.

(b) Suppose we have a single random observation from a discrete
probability distribution giving positive probabilities to only the
points 1, 2, 3 and 4. It is known that the probability distribution
is dependent on an unknown parameterθ which can take either
the value 10 or the value 20. Ifθ = 10, the distribution assigns
probabilities 0.15, 0.25, 0.30 and 0.30 to the values 1, 2, 3 and 4
respectively. Ifθ = 20, the corresponding probabilities are 0.20,
0.30, 0.36 and 0.14 respectively. Based on the single observa-
tion, we would like to testH0 : θ = 10 vs. H1 : θ = 20. Find a
most powerful test of level 0.35 for this problem.

[7+7=14]

7. An experimenter wants to compare the effects of 2 levels of tempera-
ture and also the effects of 2 levels of pressure on a chemical process.
In each run of the experiment, one level of temperature and one level
of pressure can be used. Suggest a suitable design for this experiment
in each of the following cases:
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(a) four runs of the experiment are possible in one day and the ex-
periment will run over two days,

(b) two runs of the experiment are possible in one day and the ex-
periment will run over four days.

(It is known that all runs of the experiment in a single day can be car-
ried out under similar conditions, but conditions may vary on different
days).
In each case, state the null and alternative hypotheses of interest. Also
give the form of the ANOVA table for analysing the data showing the
sources of variation, associated degrees of freedom and expressions
for the sum of squares. [14]

8. Consider a population with 3 units, labeled 1, 2 and 3. Let the values
of a random variable of interest (y) for these units bey1, y2 andy3 re-
spectively. A simple random sample without replacement (SRSWOR)
of size 2 is drawn from this population. Consider the two estimators:

(a) ȳ, i.e., the usual sample mean, and

(b) ˆ̄Y =





y1

2
+ y2

2
if the sample consists of units 1 and 2

y1

2
+ 2y3

3
if the sample consists of units 1 and 3

y2

2
+ y3

3
if the sample consists of units 2 and 3.

(i) Show that both estimators are unbiased for the population mean.

(ii) Show that Var( ˆ̄Y ) < Var(ȳ) if y3(3y2 − 3y1 − y3) > 0.
(Hint: Supposēx is the sample mean for a simple random sam-
ple without replacement of sizen from a population of sizeN
with population unit valuesx1, . . . , xN . Then

Var(x̄) =
N − n

Nn

N∑
i=1

(xi − X̄)2

N − 1
,

whereX̄ =

NP
i=1

xi

N
.)

[7+7=14]
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Section (iii): Physics

1. (a) Consider a hollow sphere of radiusr having a surface density of
mass equal toµ. Consider any pointP inside the sphere which
is at a distancea from the origin. Find the gravitational force
and potential atP due to the mass of the sphere.

(b) Let a particleP move under the central force of attraction di-
rected towards a fixed pointC. The trajectory of the particle is a
circle passing through the fixed pointC. Show that the force~F
onP is given by the law

~F ∝ ~r

r6
,

where~r is the position vector
−→
CP .

[5+9=14]

2. The wave function of a particle of massm moving freely inside a one-
dimensional infinite potential well of lengthL is given by

ψ(x) =

{
A cos(πx

L
) sin(2πx

L
), inside the well

0, everywhere else.

(a) Calculate the value ofA.

(b) What is the probability that the particle is found in the left half
of the box (i.e., in the region0 ≤ x ≤ L

2
) on position measure-

ment?

(c) Calculate the uncertainty in momentum for the system.

[3+5+6=14]
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3. A train passes a platform with velocityv. Two clocks are placed on
the edge of the platform separated by a distance L and synchronized
relative to an observer on the platform. The train runs in the direction
from clock 1 to clock 2. Clock 1 reads timet1 when it coincides with
the front of the train and clock 2 reads timet2 when it coincides with
the rear of the train. Answer the following questions relative toan
observer on the train.

(a) What is the length of the train?

(b) What is the reading of clock 2 when the clock 1 coincides with
the front of the train?

(c) What is the time interval between the above two events, i.e.,
front of the train coinciding with clock 1 and rear of the train
coinciding with clock 2?

[2+6+6=14]

4. (a) A square loop of wire of sidea, lies midway between two long
wires,3a apart, and in the same plane. Actually, the long wires
are sides of a large rectangular loop, but the short ends are so
far away that they can be neglected. A clockwise currentI in
the square loop is gradually increasing withdI

dt
= k wherek is a

constant,k > 0.

(i) Find the emf induced in the bigger loop.
(ii) Show the direction of flow of the induced current.

(b) A capacitor is charged up to a potentialV and connected to the
inductorL. At time t = 0, the switch is closed. Find the current
in the circuit as a function of time.

[8+6=14]
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5. (a) The ground state of chlorine is2P 3
2

. Find the magnetic moment.

Into how many sub-states will the ground state split in a weak
magnetic field?

(b) The quantum number of two electrons in a two-valence electron
are:

n1 = 6, l1 = 3, s1 =
1

2

n2 = 5, l2 = 1, s2 =
1

2

(i) Assuming L-S coupling, find the possible values of L, and
hence J.

(ii) Assuming J-J coupling, find the possible values of J.

[7+7=14]

6. (a) A gas obeys the equation of state

P =
T

V
+

B(T )

V 2

whereB(T ) is a function that depends on temperatureT only,
and the other symbols have their usual meaning. The gas is ini-
tially at temperatureT having a volumeV0. It is then expanded
isothermally and reversibly to a volumeV1 = 2V0. Find the
work done doe to the expansion.

(b) The kinetic energy of a free rigid body in spherical polar coor-
dinates is,

Ekinetic =
1

2
I(θ̇2 + sin2θφ̇2)

whereI denotes the moment of inertia of the rigid body. Find
the partition functionZ of the system.
(Hint: You need to express the energy in terms of momenta and
coordinate variables and then calculateZ.)

[7+7=14]

7. A series R-L-C circuit is excited from a constant-peak variable fre-
quency voltage source of the formV = V0 Sin ωt, whereV0 is con-
stant. The current in the circuit becomes maximum at a frequency of
ω0 = 600 rad/sec, and falls to half of the maximum value atω =
400 rad/sec. If the resistance in the circuit is3Ω, find L and C. [14]
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8. (a) For a radix-6 number system, we need to represent each radix-6
digit in binary form. Design a binary code to represent all radix-
6 digits such that the 5’s complement for each digit is obtained
just by complementing each bit in the binary code of that digit.

(b) A Boolean functionfD generated fromf by interchanging the
operations ‘+’ and ‘.’ and the identity elements ‘0’ and ‘1’, is
called the ‘dual’ of ‘f ’. A Boolean function ‘f ’ is self-dual, if
f = fD.

Check if the functionf(a, b, c) = b′(a′c′ + ac) + b(a′c + ac′) is
self-dual or not.

[7+7=14]

Section (iv): Computer Science

1. (a) LetP be a program for computing the median of a set ofn real
numbers that runs inO(n) time. UseP to design a divide and
conquer algorithm for sorting a set ofn real numbers that runs
in O(n log n) time.

(b) A sequenceS = 〈s1, s2, . . . , sn〉 of n distinct real numbers is
said to be aunimodalsequence if there exists an indexi (1 ≤
i ≤ n) such thats1 < s2 < . . . < si > si+1 > . . . > sn.
The elementsi is said to be themodeof the sequenceS. Write
an algorithm that can find the mode of a given sequenceS in
O(log n) time.

[6+8=14]

2. LetT be a binary tree havingn nodes. Define∆(x, y) to be the length
of the path between two nodesx, y ∈ T . Design an efficient algorithm
(preferablyO(n) time) for identifying two nodesa, b ∈ T such that
∆(a, b) = maxx,y∈T ∆(x, y), i.e., the path froma to b is the longest
path inT .

Note thata andb may both lie either in the left sub-tree ofT , or in the
right sub-tree ofT , or one may lie in the left sub-tree while the other
lies in the right sub-tree ofT . [14]
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3. LetA be anN×N matrix of integers, whereN = 2m for some integer
m > 0. Consider a program that traverses the matrix following aZ-
like traversal, and prints the elements of the matrix in the order of
traversal, as shown in the figures below.

2
3

4

5

1

6 8

9 10

16

7

12

13
14

15

11

1 2

3 4

m = 1 m = 2 m = 3

Form = 2, the output will be:

1, 2, 5, 6, 3, 4, 7, 8, 9, 10, 13, 14, 11, 12, 15, 16.

Note that whenm increases by 1, a biggerZ is replaced by four copies
of a smallerZ, and the smallerZs are connected as shown above.
This suggests that it is possible to use a recursive procedure to do the
traversal.
The outline of the program is given below. Write the procedurezed
in C, so that the program prints the elements ofA in the required order.

void zed(int matrix[N][N], int start_row, int start_col,
int end_row, int end_col)

{
/ * Fill in this missing part * /

}

void main(void)
{

/ * declarations, initialization, etc. * /
zed(A, 0, 0, N-1, N-1);

}

[14]

4. Consider a jungle, where tigers and elephants live. The only source
of water in the forest is a lake, situated in the middle of the forest.
Tigers and elephants drink water from the lake. Suppose we model
each animal by a process. The code outlines for tiger processes and
elephant processes are given below. Using semaphores to synchronize
their operation, fill in the outlines so that a tiger process and an ele-
phant process never executedrink from lake() simultaneously.
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Your solution should, however, permit multiple animals of the same
kind to drink simultaneously. You may use as many semaphores as
necessary.
shared semaphore ...;

tiger() {
...
drink from lake();
...
}

elephant() {
...
drink from lake();
...
}

[14]

5. (a) Consider the transactionsT1 andT2 whereT2 is nested withinT1.
If the underlying DBMS follows an immediate update policy for
a log-maintenance system, suggest what actions would be taken
by the recovery manager when a crash occurs in each of the four
different positions shown below.

T1: Read(A)
Write(A)

Position 1−→
T2: Read(B)

Write(B)
Position 2−→

Commit(T2)
Position 3−→

Commit(T1)
Position 4−→

(b) For a relationR(A,B,C,D,E, F ), the following functional de-
pendencies are given:
{AB → C, BC → D, CD → E, A → F}.

DecomposeR into a set of normalized relations so that the new
set of relations is free from partial and transitive dependencies.

[8+6=14]

6. (a) LetΣ = {0, 1} and let
D = {w |w ∈ Σ∗ andw has the same number of occurrences of

the substrings 01 and 10}.
Thus,101 ∈ D (it contains one occurrence each of 10 and 01),
but1010 6∈ D (it contains two occurrences of 10 and one occur-
rence of 01). Show thatD is a regular language.
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(b) A grammarG is said to beambiguousif for some string in
the language generated byG, there exists two or more different
parse trees. Show that the following grammarG1 is ambiguous:

G1 : S → D ; D D → T L
T → int T → char
L → L , L L → I
I → id I → ∗id

S, D, T , L andI are non-terminals; all other symbols (int , char,
id, ‘∗’, ‘;’ and ‘,’) are terminals.

Write down anunambiguousgrammarG2 such thatG2 gener-
ates the same language asG1.

[8+6=14]

7. (a) Calculate the network address of a machine whose IP address is
172.18.139.25 and whose subnet mask is 255.255.192.0.

(b) Calculate the maximum throughput of the link layer service pro-
vided by an Ethernet operating at 10 Mbps, assuming an inter
frame gap of 12 bytes. Also calculate the channel utilization.
The sizes of the various frame parts are as follows:
MAC preamble = 7 bytes
Start of frame delimiter = 1 byte
Destination address = 6 bytes
Source address = 6 bytes
Length of frame = 2 bytes
Check sequence = 4 bytes
Payload = 1212 bytes (maximum)

[5+5+4=14]

8. (a) Assume that there is a binary multiplier for multiplying twon-
bit unsigned binary integers. The multiplication is performed in
O(n log n) clock cycles. LetA andB be two floating point bi-
nary numbers each having ann-bit mantissa (B 6= 0). Devise an
algorithm for computingA

B
by using repeated multiplication op-

erations. You may assume thatA andB are normalized, and that
a subtraction operation requires one clock cycle. Also, compute
the time complexity of your division algorithm in terms of clock
cycles.

HINT: Write the mantissa ofB as1− y where0 < y < 1.
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(b) Consider a unifunction pipeline consisting of five stages,S1, S2,
S3, S4 andS5. The required function is evaluated in nine clock
cycles following the reservation table as given below.

Clock
cycle→ 0 1 2 3 4 5 6 7 8

S1 X X
S2 X X X
S3 X
S4 X X
S5 X X

Find the minimum average latency cycle of the above pipeline
so that no collision occurs in accessing any stage of the pipeline
during any clock cycle.

[7+7=14]

Section (v): Engineering and Technology

1. (a) The pressure developed in an Otto cycle having a compression
ratio of 4 is 33 bar when the temperature is maximum during
the cycle. If the temperature and pressure at the end of the suc-
tion cycle are47 degree Celsius and 2 bar respectively, and the
compression/expansion cycle follows the lawPV 2 = constant,
calculate the maximum temperature of the Otto cycle.

(b) Calculate the difference in temperature of water at the top and
bottom of a waterfall 420 metre high assuming all energy to be
converted into heat and retained by the water. Given J=4.2×107

ergs/cal, g=10 m/sec2, specific heat of water is 1 cal/gm/degree
Celsius.

[10+4=14]

2. (a) A wheel making five revolutions per second is uniformly slowed
down to rest in four seconds. What angle does the wheel turn
through during these four seconds?
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(b) A particle starts from rest and moves along a circular path of
radiusR. The kinetic energy of the particle is given asK = A.s,
whereA is a constant ands is the distance travelled, measured
along the circular arc. Show that the magnitude of the force
acting on the particle when it has traversed a distances, is given
by

F = A

√
1 +

4s2

R2
.

[7+7=14]

3. Consider a hypothetical three-input gateH(A,B,C) = AC ′ + B′C.
RealizeB′, AB andA+B by using the minimum number of H gates.

[3+5+6=14]

4. A magic square of ordern is an arrangement ofn2 distinct integers
from 1 to n2 in ann×n square matrix such that the sum ofn numbers
in each row, each column and each of the two main diagonals equals
to the same value, i.e.,n

3+n
2

. The magic square is said to be of odd
order if n is odd. Magic squares of odd order can be generated as
follows:

Place the number1 in the middle column of the last row. Subse-
quently, after placing a numberm, the next numberm + 1 is placed
in the square one position below and to the left ofm. If m is placed in
the bottommost row, thenm+1 is placed in the topmost row, and ifm
is placed in the leftmost column, thenm+1 is placed in the rightmost
column. If the position ofm + 1 thus obtained is already filled, then
m+1 is placed just abovem (this position is guaranteed to be empty).
An example withn = 5 is shown below.

9 2 25 18 11
3 21 19 12 10
22 20 13 6 4
16 14 7 5 23
15 8 1 24 17

Write a C program to implement the above logic for ann× n square
wheren is odd. [14]

5. (a) LetA and B be two integers represented by 4 bits in “Sign-
Magnitude” form. We compareA andB according to the fol-
lowing rule:
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• A dominatesB if |A| > |B|
• A equalsB if |A| = |B|
• B dominatesA if |A| < |B|

Design a combinational circuit to implement the above men-
tioned dominance relation.

(b) A Boolean operation denoted by ‘⇒’, is defined as follows:

A B A⇒ B
T T T
F T T
T F F
F F T

Show thatA∨B can be expressed in terms of⇒ alone, without
using any0 or 1 input.

[7+7=14]

6. Design a finite state sequential machine (FSM), if possible, for the
following cases, assuming that the input is always a string of0’s and
1’s of unknown length. In each case, if it is possible to design an
FSM, then realize it with the minimum number of gates and flip-flops;
otherwise explain why it is not possible.

(a) The FSM produces an output1 if the input string has an equal
number of0’s and1’s, and0 otherwise.

(b) The FSM produces an output1 if the number of0’s in the in-
put string is strictly greater than the number of1’s in it, and0
otherwise.

(c) The FSM produces an output1 if the (number of0’s mod3) =
(number of1’s mod3) in the input string, and0 otherwise.

[4+5+5=14]

7. A 300 KVA transformer has a core loss of1.5 KW and a full load
I2R loss that is four times the core loss. Calculate the fraction of the
full load at which the efficiency is maximized. If the value of this
maximum efficiency is0.9, then what is the power factor at which the
machine is operating? [14]
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8. Show that the following circuit acts as a bandpass filter with peak at a

frequencyω0 =
√

2
C1 C2 R2 . Find theQ-factor of the filter.

_
+

R

R

V0(s)

A=1

Vi(s)
R

R

+

-

+

-

C1

C2

C1

[10+4=14]

9. Two horizontal perfectly conducting parallel platesA andB of infi-
nite extent are spaced1 cm apart. A stream of electrons is injected at
a velocity corresponding to an accelerating voltage of 10 kV into the
space between them through a hole in plateA at an angle of 30 degree
to it. Calculate

(a) the value and polarity of the potential difference which is re-
quired betweenA andB so that the electrons just touch the plate
B.

(b) the horizontal distance, measured from the point of injection, at
which the electrons touch the plateB.

(Assume e
m

= 18× 1010 in MKS units) [9+5=14]

10. A 2µF capacitor is discharged through a coil having an inductance of
2H and a resistance of100Ω. The capacitor was initially charged to a
voltage of10V. Starting from the circuit equation

(a) derive an expression for the currenti through the coil,

(b) check if the circuit is oscillatory,

(c) compute the value of the additional resistance, if any, so as to
make the above circuit critically damped.

[8+3+3=14]
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11. A single stage FET amplifier with a load resistance of10KΩ has a
midband gain of40 dB and a bandwidth of20 kHz. The same gain
is to be obtained by two identical cascaded stages, each having a load
resistance ofR. Calculate the value ofR and the bandwidth of this
2-stage amplifier. In all cases, assume that the lower 3dB frequency
is zero and the FETs used have the same characteristics. [7+7=14]

12. A 200 V, 13.77 KW shunt-wound d.c. motor is tested by the Swin-
burne method. The test produces the following readings:

No-load running test:

(a) Field current =2 A

(b) Armature current =10 A

Armature locked test:

(a) Potential difference applied across the brushes =5 V

(b) Armature current =50 A

Calculate the full-load efficiency of the above d.c. motor. [14]
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