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INDIAN STATISTICAL INSTITUTE
B.Stat,(Hons,) III Yonr & 1992-93

Sample Surveys
CLASS TEST I

Date 3 11.8.92 ‘Maximum Marks : 45 Time ¢ 2 Houss.

Note s Answor. ANY THREE questions. Marks
allotted to each question are given
within parentheses.
1. A simple random sample of size 3 4s dravn from a population
of size N with replacement, Show that tho probabilitics that
the sample consists of 1,2 and 3 distinct units-are

Ne
pond, v HEL, p L O,

As tn estimate of ¥ if we toke y”, the unweighted man
‘over the distinct units in the sample, show that the' avrage
varinnco of y’ is

' Sy o (281)(N1) (2 .
o vraGEMENE

Honco show that V(y“) < V(Y) vhere ¥ is the omi:a’!y
. mesn of the 3 obsorvations in thae saomple. (5_7*3)'. [15]
. . : . o .
2. A simple randcm sample of slze__n = ny+ny viith mean ;u dravn
ftom a finite population and a simple roncom sudbsamr.e of size
) is'Crawn from it with mean ¥y.
Show that (a) V(y1 - y2) = 52 ( il- + == s ), vhers yzia the

'me:m of the remaining n, units in the smple,
L B) V) = 52 ( 1 -1y,
and (¢) Cov (¥, ¥y =) = °- '

Ropeated sampiing implies repetition of tho &17.-\-;\6 .of both
the sample and the subsample.
(&_;5) = [1%])

3. A company intends to interview a simple randomample of

omployecs who have been with it for more thanlpyears. The

company has Rs,2000/- to spend, and each intcr.ew costs

Rs.20/~. Thoro is no scparate list of cmployw with more

than 10 years of scrvice, but a 1ist con bo®<Cpiled from the

pet.0,



files at a cost of Rs,400/ The company can aithor (a) compilo
tho 1ist and intarview a simple random s mplo drawn from the
eligible omployuces or (b) draw a simple random sample of all
employoos, interviewing only those cligiblos Tho cost of
rojocting thoso not cligiblo in tho sample is assumed nogli-
gible.
Show that for estimating a total over the population of cligi-
ble cmployces, plan (a) gives a smaller:varianco than plan
(b) only if Cy ¢ 2./5; , where C, is the coefficiont of
variation of the itom among oligible employees and ClJ is tha
proportion of noneligibles in the company. You may ignore ine
fpce
{15]
4.(a) Obtain the expressions for the probabilities of inclusion
of a particular unit and a pair of units in a sample of
size n drawn according to PPSWR,
(b) while solocting a PPSWR sample occording to Lahiri's methox
.. find tho expectod rumber of draws required to select a
. particular unit. N 2
(c) Obtain an unbiased estimator of L iil. z, / based on a

sarnplo drawn according to PPSWR ‘édth pi's as normed size
mensures and = y,=Yep,y, Y= Yyo
4= (LR
(5+5+5)=[15]
5, In-a finite bivariate population of N units, tho means and
and "standard doviations of the variables x and y are ')'(', Y
and oy O, rospectively and the correlation coefficient b
batween x and y is P, Derive the corrolntlon coofficient
p(X, ¥) betwoen the scmple means x and y based on the same
sample of n units selected with SRSWOR. Also find

P(X+y, X=¥). (10+ %) =[15]
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Full Marks 40 Time 1 hr, 40 min.

1a) Classify the following accarding as they are 1) scleronomic or
rheonomic 1i{) holonomic or non halonocaic 1il) conservative or non
Fon-nrvcttvo.

A particle constrained to move along a line under the influence of
a force which is inversely proportional ta the square of {ts

distance fram a fixed point and a damping force propartional ta the

square of the instantanecus speed.
b) The point of suspension (assumed massless) of a simple pendulum

executes simple harmonic mation aleng the vertical line. Solve the

problem by Lagrange’s equation. (3+7)=30

2) Suppose that due to a :H;ngn of the mass of the sun, due to

radiation, the potential energy of a planet is written
- LGMm (1 -at)dl/r.

{ G = Gravitational constanf. H° = mass of the sun, m = mass

of the planet ),

What is the Hamiltonian ? Do you eprct it to be a

constant of motion ? (8+2)210



Xa) Show that if the Hamiltonian and a quantity F are constants af
motion, then JF/dt must also be a constant of mation.

b) The transformation equations between two sets aof coordinates arg

Q = log (1 + qllzcol p)

P =201 + q'%as p1ql’2

sin p
What will be the generating function for this transformation ? .

(7+45)=12

4) A uniformly heavy flexible atring ia fixed at two ends. Find the
equation of the curve describing the form ot the string.
( Assume the configuration of the string as that corresponding to

the minimum potential energy ). 8




INDIAN STATISTICAL INSTIAUTE

H.8tat(tions) II & IIX years 1992-93
Cless test I

Intreduction to Sociology and Sociometry
Date: 18.8.92 Full Markas 50

Notes Answer Question ¢ and any one from the rest.
-FMeurus 4n the margin indicate marks.

1. Discuss how sociological theory is relevant for planning a
statisticol investigation. 25

2. Caste can be intarpreted by diffcrent sociological
approaches-structural, functional, cultural and
Marxist. Which of thesc do you support most?

Briefly state the reasons. 2%

Critically ruview the content of any pieca of

3.
sociological work/study or the approach of any
sociologist who has studled Indian society. 25
4. virite briefly and precisely on any two of the 1
followings - lzzx 2 =25
a) Stratification in sociology and
statistics.

b) Sanskritization.
c) Relation between clacs and caste.

d) Social status and power.



CLASS TEST | —~B . STAT.

DIFFERENTIAL EQUATIONS
Dete: 14 Aug. 1992 time:2 hrs. max. marks: 50
ANSWER AS MANY AS YOU CAN. THE MAXIMUM YOU CAN SCORE IS 50.

1 ( » ) Suppose f(r, y) is = continuous function that satisfies the Lipschilz

condition
1 frw) = fle,yd |l 2k iy, —pad

on the strip [a , b] X R, Let (ry , yu) be any point of the strip. Show that the IVP
( initial value prodlem )
dy/dz = f(x, y) , YZ) = o

is equivelent to sn integrsl equation.

Now , obtain a seq of ivive approx ( by Picard's method )
sand explein how this sequence lesds to a unique solution of the initiel value
problem, ( No detail proofl required ). (7)
(b)) Show that the following IVP

dy/dx = ¥, ylo) = 0,
hos more than one solution on (0, §).

Does this contradict Picsrd-Lindeldf theorem ( 1(s) above ) ? If not, why not?
(6)

2 (1) Find the general solution of

V={x+y+4)/(x+y —6) (5)
(1) Show that the following D. E.

(zy =1) +(z* —ay)dy/dz =0
{s not exact. Find an integrating factor end then solve. . ) (7})
( iif ) Find the shepe of the curved mirror such that light from the origin will be
reflected in » beam of rsys psrellel to the y-sxis.( Consider only the vertical
section of the mirror through the origin ). (8)
3 ( i )Show that the sct of solutions ( on an intervel I ) of the lincer differential
equation

Dy + P(x)D™'Y + -+ + Palz) y =0

forme an n-dimensional vector space over R, where P, ‘s sre continuous functions

onl.( You may use the ry existence-uniq theorem ). (7}



INDIAN STATISTICAL INSTITUTE
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Sample Surveys
CLA3S TEST IIX

Date $37.9.92 Maximum Marks : 7% Time @ 2.Hours.

Noto t You can answer as many questlons as
ossiblo, The maximum you can score is
5. Marks allotted to each question:
aro given within parenthescs.
1. (a) If 4n a sample of three units, drawn with PPSUR, only two

units are distinct, show that the estimators

Yy Yy Wty y
(1 % ( B—i + 52 + p1+p2)and () —L_, 02

1'(1"P1)3 1-(1‘92)3

are unbiased for the population total Y, If tha sizo measure
used for sclection is approximately proportional to y, state,
giving reasons, which of the two estimators you would prefer,

(5+542 )a[12]

(b) Suggest a sampling schemo for which the selection probabi-
1ity of a sample is proportional to the aggregate size measuro of
the units in the sample., Obtain the oxpressions for the probabi-
1ities of inclusion of a particular unit and a pair of units in
a sample of size n drawn according to this scheme,

(6+344)= [13]

2. A population of N unlts is divided at random 1nto n groups
with N1 units in the ith group,-1 = 1,2,,s,n and then one unit
§s selocted with PPS from each of the .random groups.. Suggest an
unbiased estimator of the population total. Derive the variance
of the proposed estimator. Show that it attains a mlnimum value
. when the random groups are of equal sizes.

Compare this minimum variance with the variance of the Hansen~
Hurwitz estimator in PPS!R samplinge Also suggest an uqbiased
estimator of the variance of the estimator.

(3+7+4+a+7)=[25]

3. A population of N units is divided into two strata of sizes
N1 and My units and samples of ny and n, units arc sclected
from cach of the two strata with SRSWR, Show thot the effici~
ency of the estimator of ¥ in this case compared to that of
optimum allocation of the total sample sizo (n1+n2) is not less
pvt.On



-2 =

than.4t/(1+8)2, whore t =ny N3/ ny n,’n{ and n 3 boing tho
optimum allocation to the two strata. [25]
4.(a) A samplor proposas to take a stratified random sampla. Ha
expocts that his finld costs will ba of the fom I ¢, n,. His
advance estimates of relevant quoantities for thu two stratﬂbara
as foll:ows H

Stratum S Sy, (=%
1 0.4 10 g4
2 0.6 20 29

(1) Find tho values of -l-..nd =& that minimize the total field

cost for a given value of V (¥ge)e -

(411) Find tho samplo size roquired, under this optimum clloca-

tion, to make V(¥g,) = 1. Ignore the fpc.

(111) How much will the total field cost be ? (Ar4ed)={22]

(b) Aftcr the sample is taken, the sompler finds that his fio

costs wore actually $2 per unit in stratum 1 and 312 in strafu:. 2

(1) How much greater is tha fleld cost than anticipated ?

(11) If he had known the correct field costs in advance, could

he hoy \attaimd W(¥.e) =2 for tho original estimated field cos
A Liii} akey o' feduce V(F 5¢) tosi ?‘ﬂ'M Ha madnien flatd (6+'l)=[13]:’

52 In a stratification with two strata, the vclues of the
W, and §; are as follows 2=

Stratum W sh
1 0.8 2
2 0,2 4

Compute the sample sizes n) , N, in the two strata needed to
satisfy the following conditions. Each case requires a separate
computation. (Ignore the fpc.).

(a) The standard error of the estimated population mean Vst is
to be minimizedy wiaw Ko fokad somple Aze o 2o

{b) The standard error of the estimated mean of each stratum
is to be O.l.

(c) The standard error of thae differcnce betwcen the two esti-
mated stratum means is to be 0.1 a2gain minimizing the total si:

of sample.
(7+ano)=[25]



Dates 13,10.92

1.

2,

INDLAI STATISTICAL DSTITVIR

B.3tat (iions) I & III Year: 1992 - 93
Clago Test III
Introduction to Sociolocy ard Sociovatry
Al warkss 50
( ‘mostions carry oqual murks ).

What are tho sourcos of rocivlocical data? How cun you clasaify thom?
Discuss briofly thy advartagos .ad liaitations of any two wources in
tho contaxt of gociologied roguarch,

Oor
Oboorvation is a prisury tool of sciontific onquiry®. Critically
ovaluato tho statom:nt with an {llustration,

Propuro a village conwa for collocting dezographic, ocononis, hausing,
oducational and social characteristics of hcusohold monbors.

Or

Wt is a reccarch dosign? Proparo a roswarch dosign for studyirg
any social problen in a mldti-othnic villigo.

(te+10) = [2.7
fTo.

mioie y, 18 tne value of the series in year t »
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B. $ket (Howp) TL Yeaw & 1392 — 93
Scomwple St-vvoa&

CLAss TEST I
Dake ; 14.10.92 Movirerrw Moarkn ¢ 400 Time '..9- Howva

Node 2 Hha |popexr camien 440 wovkn . Ha mmosimu
40~ coaw Acove 4n fou. Mavws allotied 4o
‘eccl. quenkions OYe Fvear Wil Ppavemttaren.

o .’ . 2 b
1. Find Ha Amo-h-aw YR,""',‘CZ 9. x on arn esnkwmale

o #e  podakew dokal Y, o3 He voriells () w—dev
enquivy  ewd  alee fid 0w wwbiaded eskmate wieve X
An Ha pobdako— fokal ot Ha cumiliors?  Vorioble (w)
and G, g) sy (tuy Yu) @98 Ha vabeen o Ha amm?,)
Vavialle aw He vavialle wandey e“’f/‘:"a)'

(10 + 1) = [d]
-fu-”e/ak o fomfolive Aclare  wondey wBicl. i vako eaRwats
becomen wuwbiosed . Obfaim Ha Vaviewee of Ha vako eskimatm
boder  Ha parfilig)  Ackars . Aloo ggenk o nbianed
enhimakvs o Mo vaviawee

Iy ir  aleeyt -vww-ned'o}\\le?
(S+F+7+1) = 2]

Obtoiw ow exoek expresbion v He Alon of He

Yabo ephwalvy of ke populabion Tako. Al cbiam

o~ wphery  boud hﬂ.«,Y&haa{M&aMhm

Akordard  eyrue af Ha esbimalyr,

PTo. (re+19) = [2e]

[[25]

wiete y, 18 The value of the serios in year t »



h.  Cliasw aw  epfroriwokion  fo e bian ol Ha voviowe
.} He Yoo cakwabw of Ha populabion total Laned o~
SRswoR  volid  dw  Ravge Aamplen. Alao  cblabw o Acaple
eahwale e He Voviawce » How Reern fa MANIW Comby
Wi Ha maeows por wnik  eahimakr o Ha bobolalew

Jokal Aaned o~ SRswor ¢ (5+s+5-+5)-= [2]

5. v Adecky) o Mineer Agshemabe pomhte of alze w
From~ oo pvpulaRor 2 aize N ARew Hal Re Acomple megy
Ao ow  wbiased en,ltm;al-w ¢ Ha  pofolobe— mean wiaw
N s o wldkple 9 m . Wew N da net o wudRhte
sf M, (Y com oo Tevide Ha no:v-'/’/uva) Acdome Au Haok
Ha parple meownw AWM Comkimues Ho be 0w umbiosted
eokmaky of te pdudakion meaw 2 (i) Canm Yo Hime
G ow aderwakve tovhiosed  eshwakw )

(e+7+%) = [2]

b Oboims Ha  voriomer of Ha Nommple mean ALoAed o~
& Aimear fystemakc pomple  of piza m e K
Ao»-/,,c.-?) Adkeyval K pakafies N = ni Exfress Ha vaviomg
Aoe Aevma  of e DdAve-clos  corrlaion cocffivientt:,
Obpoin  ta e/j\‘h‘w?) of He Agptewmalie nc.m,bx.‘»a) as

7'607-%4:.'@', fo fhat  of (L) SRSWR  oed (i) SRsWoR. _

Lo ik pomibte fo ephmate wwbiosedd) e ﬁﬁ,tﬁl.;):).\:;fﬁ

ho  esbimate Aw case o} L4gofermakic Aa-m—fy(.‘-,a)? I nok, expii.

reafr~n. \E,.Ae,..-... He wie o Mevf..w&-m.&..a/‘ Abnomplen A"

Agplenalie ”""‘f’/""*a)iw previctios) o vawbiancd erRmalvy, ot

He voviawer. Comw ow menbion & sbecial case o} exemlar Syplew

/JO@-FA_‘ wlere At La  poakble enhwale &4 'R-%) fea
VM;MZ./ 3 He ‘esbimeate ?'b TR e




INDIAN STATISTICAL INSTITUTE
B.Stat.(Hons.) 11l Year:1992-93
STATISTICS COMPREHENSIVE
Class Test 1

Date: 5 February 1993 Maximum Marks: 100 Time: 100 minutes
Figures in brackets [ ] indicate marks allotted to the questions.

1. Consider the family of distributions P = {Py : N > 1}, whete
oL for k=128
Pe{X =k} = { 0 otherwise.
(a) Show that P is complete. (You may use induction on N'.)
(b) Fix a positive integer n. Consider

0 for k=1,2,...,n=1,n+2,...

q(k):[ a for k=n
-a for k=n+1l,

and obtain Ey(do(X)).
(¢) Hence or otherwise show that P — {P,} is not complete.

(d) Obtain the minimum variance unbiased estimator (MVUE) (based
on X) of N for the family P.

(¢) Show that ¢;(X) is MVUE of N for the {amily P — {P,}, where

&k = 2n fork=nn+1
W1 2k =1 for k any positive integer other than n and n + 1.

[An unbiased estimator is MVUE'iff it is uncorrelated with every
us* gero function with finite variance.)
o]

PLEASE TURN OVER

wwwsw ¥, 18 The valus of the serias in year te



2, Au exputiment is (o be conducled to deteemine the ditference between
Lloud peessures in the left and right Leachial arteries. For this experi-
ment 100 persous are available. Consider the following two chuices of
design of the experiment:

o Design 13 1'he 100 persons are divided into two groups each of 50
at eandons. ln the Giest group, left blaod pressure is observed and
in thie socond gronp, right blaod pressuee in obwerved.

o Design 2 On cach of the 100 persons both left and right blood
presanres are abseeved,

Assume that the order of sides ia immaterial. State any other assump-
tiona that you mnke. Formulate a suitable model for each dexigu.

Formulaling appraprinte criterion for comparing the two designa in this
casc, investigate which design ia better. [25]

3. An cconomist is intecested in fitting a multiple lincar regression of Y
on N N2 Nay Ny by the wetlxd of leant squares,  lie knows from
economic theory that the regrension cueflicient of Xy in this multiple
lincar regression is —=3. Ile has data on 50 units on these variables
¥, X0, Yo X3, Noe e also has a computer progran which would fit
a mmltiple linear regression by the method of least squares and com-
pute relevant rtatistica thereof. Fxplain, with suitable mathematical
explanations how thin proprnm could be uned in this situation. [20]

4. Write a short account (not more than 2 pagex) of the contributions of
P.C.Mahalanobis to the methodology of sample surveys. [15)




INDIAN STATISTICAL INSTITUTE
B.Stat.(Hons.) 11 Year:1992-93
STATISTICS COMPREHENSIVE
Class Test 2

Date: § March 1993 Maximum Marks: 100 Time: 100 minutes

-

Figures in brackets [] indicate marks allotted to the questions.

. Let £, = al+1c+cY’, where 1 and ¢ are column vectors of appropriate

dimensions and a is a scalar, (This structure is called the Baldessari
structure.)

(a) Obtain necessary and sufficient conditions on a and ¢ so that £ is
a dispersion matrix. (Hint: Obtain eigenvalues of 1¢’ + cl’. Note
that non-null eigenvalues of AB and BA are the same.) {10]

(b) Consider (Y, X3, 0°E,.) whete E,, is a dispersion matrix and
1 € €(X). Show that the BLUE of every estimable parametric
function remains the same under (Y, X8, 0%1) and (Y, X5, 0?%, ;)
if and only if ¢ € C(X). [18)

(c) Consider one-way classified data with

pisptoiteni=120,n0,i=12,..,k

where €; ~A(0,0) for all i,j.

Consider two models: Model I where all observations yi;’s are
uncorrelated and Model Il whete the observations have the dis-
persion matrix £,,. Consider test of the hypothesis Ho: @) =
o3 = +++ = oy against Hy: negation of Hy. Show that the likeli-
hood ratio tests for the above hypothesis remain the same under
models I and IL [13]

PLEASE TURN OVER

uhere Yy, is the value of the series in year t »



2. In a genetic study of alcoholic cirrhosis, data on the genetic marker.acid
phosphatase (ACP) wete collected on rand ples of 157 patient

and 1086 healthy individuals. The ACP trait is determined at a single
locus with three codominant alleles. Data obtained are as follows:

Phenotype Controls Cirrhotic

patients
AA 81 5
AB 420 66
AC 22 15
BB 508 65
BC 5 S
cC 1 1

(a) Examine if the two groups are in Hardy-\Veinberg equilibrium. Fs-
timate the gene frequencies (i.e., allele frequencies) of each group
under such an equilibrium. (10]

(b) Examine if the circhotic patients have a different phenotypic dis-
tribution from the normal. [s]

(c) Examine if the circhotic patients have a different gene frequency
distribution from the normal. {10]

(d) Do you think that the Goodman-Kruskal A is a relevant measute
of association between phenotype and disease-status in this case?

Anyway, compute such a measure. [5)

3. Explain clearly the concept of regression to the mean, with suitable
examples of the ph Also, d trate the ph non with

a mathematical formulation and derivation. [15]

4. Answer each of the following questions in not more than two pages.

(a) Describe how ‘Student’ (Gosset) obtained the t distribution by
‘simulation’. If you were to simulate the t-distribution today, ex-
plain how you would do it. (8]

(b) Describe Fisher’s contributions to the ‘Design of Experiments’,




INOIAN STATISTICAL INSTITUTE
B II1 1991=92
3rd Class Test on Indian Ccoromics
HWME ASSIGNIENT
Aaw s Vaw, Jog Dato 30 Nctober 991
The tabla below gives groupul so index nunbors of industrial production

in India (base 1970 = |00) during the period 1960-84. The groupa are o basic goods,
capital gooda (lncluding motor cars), intermcdiate gocds, tonsumor gonds { exclu=

ding motor cars)e

Yaar Basic gwds Capitsl goods Intermadiate goods Consumer ALL
goods IHOUSTRY
(woight)  (32.28) (15.78) (20.95) (31.,03) (100.00)

1960 45,1 44.5 63.0 64.6 SS.3
1961 S0.8 52,5 6646 6049 60,4
1962 57.8 68.1 7.8 69.8 6602
1963 6641 7547 7.4 7.4 7147
1964 68.6 91,7 83.2 76,7 7.9
1965 74.3 1087 868.2 82.4 85.1
1966 78.0 93.5 86| 84.8 84.4
1967 .6 91.4 87,9 81,2 83.7
1968 87.8 93.6 03.3 85,3 89,1
1963 9546 95.3 97.2 93.9 95.4
1970 100,0 100,0 100.0 100,60 )DD.O
1971 104.6 105.6 104.4 10,5 104.2
1972 113.0 105,3 .2 ic8.2 110.2
1973 10.5 123.4 114.2 1076 112.0
1974 113.8 128,7 112.3 109.8 114.3
1978 129.0 128.1 1137 108.1 9.7
1976 1475 142.1 122.2 119.0 132.4
1977 155.0 150.3 12548 126.3 139.4
1978 16244 15449 135,9 139.3 147.8
9% 16602 15845 139.6 136.1 14945
1980 16446 165.8 140.7 13647 150.4
1981 188.6 179.2 145.9 1474 164.6
1982 203.6 178.2 14846 15641 172.0
1983 214.8 186.0 160.3 156.6 179.7
1984 24041 204.3 163,0 157.8 194.2

(a) Clascify the above period intc five subperiods o
1960-65, 1966=70, 1971=T5, 1976~80, 1981=84 and compute the average
annual rate of growth of aach series for each subperlod o

(b) Fit the following trend curve to each of the following series, viz.,
basic goods, consumer gaods, all industry &

logy, = a+pt+ 42
whero Y is the value of the series in year t »
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B Il PHYSICS CLASS TEST 3 ‘. Novematr 04. 1992
FULL MARKS 50 " THE 1 HOUR 40 MN

GIVENE velocity at light c = 3 x 109 d/s.

1 light year « lO‘b a. (approx.)

1%a = 10" %,

rest mass of an electron m, = 9.1 « 10738 kg,

charge of an electron = = 1.6 x l<:|-‘9 coulambs.
CALCULATORS MAY BE USED .

Symbole have their usual meanings.

Use separate answer-scripts for Group A and Graup B. Anawavy
Lol 4 CZyopZ

GROUP A ({ Total Marks 33 )
1 a) State the postulates of Special Theory of Relativity. . 3

b) An S° observer observes two events occur at the same place but
are separated in time. An S observer declares that two events occur
at different places. Comment. ) 3

c) We have stressed the utility of relativity at high speeds.
Relativity is also useful in cosmology, whers great distances and
long time intervals are invalved.Shn;.. from the form of the Lorentz

transformation equations, why this is so.. 3
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d) The radius of cur galaxy is I x lJ’ light years. Can a person,
in principle, travel from the center %u the edge of our galaxy in a
normal lifetime? What constant volaci;y would he need to make the
trip in 30 years proper time ? ; 3
e) Give the wavelength shift in rnl:;{vistic Doppler effect for the
.656:°a H, line emitted by a star ro:hd‘nq from the earth with a
relative velocity 10 'c . . .

¢ question 1 total 13 )

2a) Show explicitly that two successive Lorentz transformation at
right angles ( vy alang x° and Vo alang y') do not commute . &
b) Is it true that a particle that has eneargy must also have
momantum ? What if the particle has no rest mass ? 2
c) 1f photons have a speed c in one reference frame, can they be

ound at rest in any othar frame 7 |
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( question 2 total 10 )

3a) Find the enerqgy equivalent to the rest mass of the electron. 3
b) An electran acquires kinetic energy by falling through an
alectrostatic patential difference of 10‘ volts starting from rest
in a uniform electric field. Find its mass at the end of the

acceleration. S

( question 3 total 8 )

Group B.
1(a) Prove thi follow ciq veludons:

i < R(p*5) iy & . B
1 -Cy = v/ _ iy = =
W & Y - & 4 2ab (& Eq
va ["2Y

thi symbols have fheey usaal TMeangs

(b) Shoe thak an abseluld Scale of femperahve follows from ihd
tfflelancy elahon of a 3 Teverschble heat enginc,
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