
AW-I760

B,Sc, Part-I[ (Semester-Vl) Eramitration

MATTIEMATICS

(Litrear Algebra)

Paper-XI
f ime : Three Hoursl [Maximr.rm Marks : 60

Note:-(l) Question No. I is compulsory and attempl this question once only.

(2) Attempt ONE qucstion from each unit.

l. Choose the correct altemative (1 mark cach) :

'(i) S is a non-empty subset of vector space V, then the smallest subspace of V containing

Sis:

(a) s (b) {s}

(c) [S'l (d) None

(ii) LetL andVbe finite dimensional vector spacesandT: U -+V bc a linear map one-

ooe and onto, thcn :

(a) dim U = dim V (b) dim U + dim V

(c) U=V (d) Urd
(iii) Let W is subspace of vector space V Then {fe t/(w)=o, v w e W} is called as ;

(a) Ililatory of W (b) Annihilator of W

(c) Dual space of W (d) None

(iv) The normalized vector (1, -2, 5) is :

(a) (t, -2, 5)

I
t

(b)
I -2 .55'6'rtr

5

(!
ls'

:
2

2
(c)

2
(d)

(v) In IPS V(F) the relation ll u + v ll'!+ ll u-v ll'= 2 (ll u Il'?+ Jl v

(a) Schwartz inequality (b) Triangle law

(c) Parallelogram law (d) Bessels inequality

(vi) For two subspaces U and W of V(F), V = U @ W <+ ...............

(a) UnW={0} (b) V=U+W
(c) U^W={0}andV=U+W (d) Nonc ofthcse

1) is called as :
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(vii) Let T : M --t N be an R-nomomorphism. If B is a submodule of N' thcn :

(a) Ti(B) is submodulc of N (b) T 1(B) is submocule of M

(c) Tr(B) is kemcl o[ R-homLrnlorphism (d) 'I'r(B) = T(M)

(viii) If'l :U -+ V thcD the s(jt llru) u€Ul=..........
(a) Ker I (b) R(u)

(c) R(Tl (d) None of these

(ix) lf ll V ll = l, then V is called :

(a) Normalised (b) O(honormal

(c) Scalar inner product (d) Standard inner product

(x) lf t is n-dimensional, lhen the dimension of V is :

(a) L€ss than n (b) Greater than n

(c) Equal n (d) Zero l0

UNIT_I

2. (a) Let U and Wbe two l,ubspaces 01 a vector space V and Z- U + W. Then prove

that Z = U @ W itr:: I Z, z = t - w is unique represeltation for u e U and

wew. 5

(1,) Extend rhe lincarly independcnt set t(1, l, l, 1) (1. 2, l, i)) in V. to a basis for

v,5
3. (p) IfU and W are finite dimensional subspaces of vector spact V, then prove that :

dimru + w) = dim l.l + dim w - dim(u 
^ w). 5

(q) Let R'be the set of all positive real numbers. Define the oper ations ofaddition @ and

scalar multiplication 6) as rhllo\.\s :

ue v=u'\,vu. \'e R'

and< @u = u",vu . R, and c. € R

Prove that R* is a reirl \recior sptce 5

UNIT-II
4. (a) IfU, V is a reclor splce over a held F andT: U -+ V be a lineat, then prove that:

T((I,ur + ct,u, + ...... + cr"u") = o, T(u,) I orT(ur) +....... r (I^T(u,,)

vu, € U,(ri €F, 1<i<nandn e N.

2

(b) Let'l : Vo + V, bc a ljnear map defined by T(e,) -- (t, 1, l), T(e,) = (1, _1, l),
T(er): (1, 0, 0), T(r:.): (1, 0. l).

Veriiy Rar*-nullity rheorem. 4
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5

(c) Find the matrix ofthe linear rnap T : V, J Vr defined by T(x, y) = (-x + 2y, y, -3x + 3y)

related to the bases B, = l(1,2), (-2, 1)) and B, = {(-1, 0, 2), (1, 2, 3), (1, I, l)}.
4

O) Let U ard V be vector spaces over the sam€ field F, Then proye that
function T : U, V is linear iff T(du + pv) : oT(u) + pT(v), Y cq p e F and

qveU. 5

(q) If matrix of a linear map T with respect to bases B, and B, is :

t2
l0

I

3

where B, : {(1, 2, 0), (0, -1, 0), (1, -1, l)} and l}, = {(t, 0), (2, -l)}, then find

T(x, y, z). 5

t,NIT_III
6. (a) Let V be the space of all real valucd continuous functions of real variable. Dcfine

T:V--rVby

(Tf)(x)= If(odt, v f € Y x € R,

0

(b)

7. (p)

(q)

G)

8 (a)

(b)

(c)

Show that T has no eigen value. 5

Prove tbat if V be a finite dimensional vector space over F and v(+0) e Y then

f f e V such that f(v) * O. 5

If Wj and W, are subspaces of a finite dimensional vector space V, show that

A(w, + w,) = A(w,) ^ A(w,). s

If K. is eigenspace, then prove that Kr is a subspace of vector space V 3

Define characteristic root arld characteristic vector. 2

UNIT_IV

tn F("r define for u=(ctt,q2,cr3,......,on) and v=(0r,92......P")

(u,v)=o,ft+crP,+. " * ong".

Show that this defines an inner product. 4

If {x| x, xi, ....... x"} be an orthogonal set, then prove that :

l x, + x2 + x, t .......... + x" ll' = lxr ll: +ll x, lF +........... + ll x" lr 4

Prove that orthogonal complement i.e. W! is subspace of V 2

9. (p) U (w,, w, ....... w") is an orthonormat set in Y then t l(wi,v)12 <llvll2 for any

I
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(q)

G)

10. (a)

(b)

(c)

If V is a finire dimensional inncr product space and W is a sutspace of V then provc

that (W1)1 =W 4

(i) Define irmer product in vector space. l

(ii) Define orthogonal sct. I

UNIT-V
Let A be a submodule of an R-module M and T is a mapping frr)m M into M/A dclincd

byT,=A+ m, v m € Nl 'l'hen prove thal T is an R-honromorphism of M into

tr4/A and ker T : A. 5

Let T be a homomorphism ofan R-module M to an R-module H. Prove that -l is one-

one iff ker T : {0}. 3

Define:

(i) Submodule

(ii) Unital R-module. 2

11. (p) If A and B are subrnodules of M, then prove that 4l!
B

A^B
(q) Prove that arbitrary in:erse(tion of submodules of a module is a sutlmodule.

is isomorphic to

6

4
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AW-t762

B.Sc. Part-IU (Semester-Vl) EramiortioD

MATHEMATICS

(Special Theory of Relativity)

Papcr-XII

Timc : Thrcc Hours] [Maximum Marks : 60

Note :-(1) Question No. I is compulsory attempt once.

(2) Attempt ONE question from each unit.

1. Choosc the correct alternative :

(i) The inteNal ,1.: = {dx): - (dx)r - (dxrf + (dxr)'}is said to be space like if: I

(a) dsr > 0 (b) dsr < 0

(c) ds? : 0 (d) None of these

(ii) The electric and magnetic field strengths E and H arc invariant under : I

(a)CalileanTransformations (b)LaplaceTransfoftnations

(c) Fourier Transformations (d) Cuage Transformations

(iii) Ai =(A.0)=(Ax,Ay,Az,O) is a four potenrial then : I

(a) A -(A.Or {br A, -{4.- O)

(c) A,-(-A.O) {d) Ai =( I. Q)

(iv) A' = (Ar, Ar, Ar, A1) is a four vector or four dimensional vector where A? < 0 thcn A'

is: I

(a) Time like (b) Null or light like

(c) Space like (d) Nofle ol thesc

(v) Covariant tensor of rank onc'[', is dcfined as : I

T
ax''

J&

ax5 ax5(") Ti = &, r. (d) r: = 
ax,, 

r.

(vi)'Ihe special Lorenu tansformations will reduce to simplc Galilea, transformations

when : I

(a) v=c (t) c<<v
(c) V.<C (d) Nore ofthcse

YBC 15330 (Conid.)
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(vii)'lhe electromagnelic licld lcnsor (or N{axNell tcnsor) F, is 1efined as

(,1) - "'ii -_L

.\i
(b) r

'r c1' dtl

(dJ Nonc ol thes:

a\

(b) n=cu;ir
(d) None of thes,:

(c) tir

(viii) The transformations i'-r I't tnd t' = t are I

(a) Laplace transtbrnr.ttions (b) Lorentz transformations

(c) Calilean translbnnations (d) None ofthesr

(ix) If A is a vcctor potential rhen the magnetic field is :

(a) H = div.I
(c) H = div.(CurlA)

(x) Four lelocity of a panicle is

(a) a unit space-like vector

(c) a unit lightJike vcctor

a unit timc-li.cc vector

None of thesr

(b)

(d)

(a) Obtain Galileaf

motion.

UNIT-I

transformation cquations for two inerlial

(b) Show that simullancit) is r,rlative in special relatiyity.

(c) Show lhal the elcclrourapnelj( lrave equation :

a:tt a2f a2l I ?2f

.)\:' d\' t ' c- (t'

i, not inr".iunt undcr the Calilean translbrmations.

(p) Discuss lhe geonletrical interpretation of Lorentz transformat.ons

lrames in rolativc

l

I
I

{

- I 
^-'(q) Prove that V' ." 1 is in\.irriaflt uldcr special I-orentz transformations. 4

c' ('t _

(r) Sho$'that x1 + yr t zr - crf is Lorenlz invariant. 2

UNIT-II

(a) Obtain the translbrmarions lor the \clocity of a particle under special Lorentz

transformations. 5
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(b) If I and u' be rh€ velocitics of a particle in two iflertial systems s and s' rcspectively

where s'is moving with velocity v relative to s along thc XX'axis then show lhat :

sin 0(, 5)
l)

(an 0'-
coso-I

u

and

(D T'I

,fr-zr"o.o*{-
L u u-

u sin2 o
2

c

[.r - *"o.e]
?

u'2

c_
1

u
2.

c

c

1+u'v
c

6

where s'is moving with velocity v relative to s along XX'axis. 5

(q) Show that in nature no signal can move with a velocity greater lhan the velocity of
light rclative to any inertial system. 5

UNIT-III
(a) Define time-like. space-like and light-like inten'als for the space time geometry of

special relativity. 3

(b) Detine a four tensor of the second order. Prove that :

{,
2 ll_vTl4_vT4l

cc
u2+, T44 and

(ii) t'ra = cr

7. (p) Define a four vector A'. Show that :

A' = -A, Al = -Az, Ar = -A' A. = An.

Irrl +Tl{ +
c

7Llrt _1rrr | +3+3

t+3

3YBC r5130 (Conld.)

rvherc 0 and 0' are the angles made by u and u'with the X-axis respectively. 5

5. (p) If u and u ' bc the velocities of a particle i[ two inertial systems s and s' respeclivcly

(hen prove that :



(q)

(r)

Prove that there e\ist\ an rnertial s-yslem s'in which thc tw.) cvents occur at onc and

the same time if the inrerYal between lrvo events is space-like. 4

Write the Lorentz transt'ornrations in index fbrm. 2

UNIT-IV
Deduce Einstein's m.rss erergv equil,alence relation. i
Define : Four velooity. Prove that the iour velocily in comporent form can be expressed

as:

IJ (a)

(h)

n
J

where [ = (u_, u,. u ) - \elocity of the particle. l+.{

(p) Defire : Four momenlu r vector p'. Prove that the squarc ofthe magnitude ofthc lbur

momintum vector p' is ,n2 o cl . I 14

(q) A panicle is given a l(incl c energy cqual to n times ils rcst energy mo c2. linrl spced

I -. ul /cl Ji ul.,c2

L2

and rnomentum ol thc patticle Kinetic energy= T = n1. s2 )
'lll-y2 lc2

UNIT-V
10. (a) Sho\\'that the llarniloniao lbr a charged particle moving i[ an electromagnetic field

is:

H= n1 +eo"nn"'In

(b) Delir,e : Currenl four vecror Show that c:p: - Jl is invariar l and its value is pl o.l
t..t

ll. (p) Prorc that rhe ser ofMaxuell s equaticns rJir'.ti =0,url lj- Ifl 
"- b. r*ri,r.n

^ *-t- 
^+=0. 

where !u is the electro-magnetic field tensor 5

G) Defir,e electromagnetic litld tensor F. Ilxpress the componcnts of F,, in terms ofthe
elechic and ntagneric tlcl(l strcngths

.1

Ir{
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AT-398

B.Sc. (Pert-IU) Semester-Vl Eramiution

MATIIEMATICS

LiDear Algebra

Paper-Xl
'Iime :'fhrce Hoursl [Ma.ximum Marks : 60

Note :-(l) Question No. I is compulsory and attempt this question once only.

(2) Attempt ONE qucslion from each unit.

l. Choose thc corrcct altemative :

(l) Any superset ofa linearly dependent set is : I

(a) Linearly independent

(b) Linearly dependent

(c) Linearly independent and linearly dependent

(d) Nonc of these

(2) lfU and w are the subspaces ofa vector space V(F') then U w W is a subspace iff: I

(a) Ucworwe U (b) U=WorW2U
(c) U n W - {0} (d) None of these

(3) ll'T : U -+ V be a linear map then R(T) is a subspace of : I

(a) U (b) v
(c) U rl V (d) None of these

(4) If U, V be finite dimensional vector space and T : U -+ V b€ a linear one-one and onto

map then : I

(a) dimU-dimV (b) U-v
(c) dimU+dimV (d) U*V

(5) An elemcnt of dual space of V is called a : I

(a) Linear clement (b) Bilinear element

(c) Linear functional (d) None of these

uNw 2477.r (Conld.)I



(6) Eigen vectors concsponding to distinct eigen values of a squarc mat x arc

(a) Linearly indcpendent

(b) Linearly dependent

(c) Linearly indcpendent as well as linearly dcpendent

(d) None of these

ID an imer product space Y the inequality l(u, v) l< ll u ll ll v ll, for all u, v e V is kno,rn
as: I

(a) Triangular inequality (b) Cauchy-Schwafiz inequality

(c) Bcssel's inequality (d) None of these

If W is a subspace ol'an inner product space V and Wt is orthogonal complement of W,

then : I

(a) Wr is a subspace of W (b) W ^ Wr : {0}
(c) W .\ Wr * {0} (d) None of these

If A is any submodule of a R-modulc M, then the zero element of the quolient group

M/A is: I

(a) M (b) A
(c) {0} (d) None of thcse

LetT: M -+ H be a homomorphism of a R-module M into R-module H, then: I

(a) R(T) is a subset of M (b) R(T) is a submodule of M
(c) R(T) is a submodule of H (d) None of these

UNIT-I

Dcfine Linear span. ll S be a non-empty subsct ol a lector space V. rhen prove that [S] is
the smallest subspace of V containing S. 1+l

Provc thal an arbitrary interscction of subspaces of a vector space is again a subspace.

3

Prove that the set of functions {x, , x l} is l-.1. in a rcal vcctor space of the continuous
functioos dcfined on (-1, l). 3

!f U and W are finite dimensional subspaccs of a vector spacc V then provc that I

dim(tl rW)=dimU+dimW dim(UnW). 6

Given trvo l-l vectoN (1, 0, 1, 0), (0, -1, 1, 0) of Va. Find a basis of Va that includes thcse

(7)

(8)

(e)

(10)

(a)

(b)

(c)

(p)

(q)

t\,r'o vectors

t Nw-24774
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I'NIT II

If 'l is a linear transfohation of V, to V) defined by T(2, l) = (3, 4), T(-3, 4) = (0, 5),

then express (0, 1) as a LC of (2, l) and (-3, 4). Hcncc find image of (0, l) under'f. 3

Le1 'l : U -, V be a linear map. Then prove that N(T) is a subspace of U. 3

l,et'f : V, + V, be a linear map defined by :

r(c,) = (1, l, l),'l'(e,): (1, -1, l),'l(e.) = (1,0, 0),'I(e4): (1, 0, l).
Verify Rank-Nulliq theorem. 4

lf l : U -+ V be a non'-singular linear rDap, then prove that T r : V J U is also a non-

singular linear map. 3

. l-r 2 rl
Iflh( marrix crl a linear map I with rcspecl lo bascs D, and B, is | " IL I 0 rl
whcre B, - {(1, 2. 0), (0, l, 0), (1, -1, 1)} and B, = {(1,0), (2, l)}.
Find T(x, y, z). 4

(r) Find the rangc, kemel, rank and nullity of a matrix A = and veril'y Rank-

Nullity theorem

UNIT-III

3

2

0

1

(a)

(b)

(c)

(p)

l,ct V be the finite dimcnsional vector space over l'. Then proye that V = t . 4

If v is finite dimensional and Vr + v2 arc in Y prove that therc is an f € V such that

f(vr) + (v,). 3

Prove that A(w) is a subspace of t. 3

Define Annihilator W. If V be a vector space over F for a subset S of V and

A(S)= {f e V/f(s) =0, v s e S}, then provc that A(S) = A(L(S)), where L(S) is linear span

of S. 1f3

lf U, V arc finite dimeIlsional complex vector spaces andA: U + V, B :U -r V are linear

maps with o € C, then prove that (A + B)* = A* + B*. 3

ll Wr and W, are subspaces of a finite dimensional vector space V over F then describe

A(W, n W,) in terms of A(W,) and A(W,). l

(q)

G)

uNw-24771 (Conrd.)

4. (u)

(b)

(")

5. (p)

(q)

I

21
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8. (a)

(b)

e. (p)

(q)

(r)

10. (a)

(b)

(c)

ll. (p)

(q)

UNIT-IV

In an tt'S V over F, prove the farallclogram law :

ll u+vll,+lu r'[=2(ll ulr+ lv]|,). s

Apply Gram-Schmidl method to orthonormalisc the set :

{(1,0, 1, r), ( r.0, -1, r), (0, -1, r. l). 5

Let W1 be the set ol orthogonal vectoni in an IPS V, then prove that W- is a subspacc

ofV 3

Let V be a finite dimensional inner product space. Ther prove that V has an orthogoDal set

as a basis- 4

ln Fo)dcfine, for u: (ct,, trr, ......, cr,,) and v = (0r, pr, ......, p"),

1u. v) - cr,P, -o.2P2 r.. .... +o.nP,.

Show that this defines an inner product. 3

UNIT-V

Let T be a homomorphic of R-module M into atl R-module H. Then prove that 'l is one-

one iff Ker T = {0}. 3

If Mr and M? are submodules of R-module M,, then prove that Mr I Mz is a submodulc
of M. Moreovcr Mr * M: is direct sum of M, and M, <= M, a M. -- {0}. 4

lf T is a homomorphism of an R-module M to an R-module H, then show that :

(i) 1(o) : o

(ii) T( m) =, Tm,wm e M
(iii) T(m, - mr) - Tmr - TnL, v mL,m, € M. 3

If A and B are submodules of M, then prove rhat 4j! is isomorphic ," ; 
^ 

UL 5

Define submodule ofa module. Prove that arbitrary inters€ction ofsubmodulcs ofa module

is a submodule. 5

.lLNW-247?1 475



AS-147r

B,Sc. (Part-III) Semester-Vl Errminrtiotr
MATHEMATICS
(Lincrr Algcbre)

P.pcr*Xl
lime :'l'tlrcc I lours] lMaximum NIarks : 60

(1) Question No. 1 is compulsory alld attcmpt this question once only

(2) Attempt ONE question ftom earh unit.

Choose the correct altemative :

(i) If S is non cmpty subset of vector sapce V, then L(S) is ............ .

(a) Largcst subspace ofV containing S.

(b) Smallest subspac€ ofV containing S.

(c) Smallest subspace ofV containing V
(d) None of those.

(ii) The basis {(1, 0, 0), (0, l, 0), (0, 0, l)} of the vector space R3(R)

as ........
(a) Normal basis (b) Staruiard basis

(c) Quotientbasis (d) Hamel basis

Qii) lf U, V be finite dimensional vector spaces ard T : U -, V be a lincar, one-one and onto
map, then ............ . 1

(a) dim tJ -dimV (b) U=V
(c) dim Urdim V (d) U+V

(iv) Thc kemel ofa linea! tmnsformation T: U -? V isasubsetof............ , I

(a) U O)v
(c) tJ and V (d) None ofthese

(v) An element ot dual spacc ofV is called a ......... . I

(a) I-incar clcme (b) Bilincar elemqlt

(c) Lincar fiurctionr.l (d) Nonc of these

VIM .14199 I (Contd.)
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(\,

(vii)

(\,iii)

(ix1

(x)

(a)

(b)

(p)

Eigen vectors corresponding to distinct eigen values ofa squarc mat x arc ......... - I

(a) Lincarlyindependent

(b) Linearly depedent

(c) Linearly independcnt as wcll as l,inearly dependent

(d) None of these.

If lV l: l, then V is called 1

(a) Normalised (b) Orthonomal .

(c) Scalar inner product (d) Standard inncr product.

ln an inncr drcduct space V(T), lbllowing relation : I

lu+v jl!+li u vi[-2(i] u li' I l v ll']) is called ......... .

(a) Schw z's inequalily (b) lriangutar iaw

(c) Parallclogram l-aw (d) Bessel's inequ.{ity

If ringRhasa unit element I and I . a=a, lbr all a e M. then M iscalled...... . 1

(a) Unital R-modulc ft) kft R-module

(c) Unique R-module (d) None ofthese

lfMisanyR-module,theoMand{0}arealwayssubmodulcsoflvlthescarccalled........
submodulcs ofM : I

(a) Proper (b) Irnpropcr

(c) Subproper (d) Ineducible.

UNTT-I
Let R' be the set of all positive rcal number Define the operations of vcctor addition O and

scalar multiplication E as follows :

uOv-uv,Vu.vIR'
and ceu.ud,VucR_qER.
Pro\e lhat R' is a real vcclor spacc. 5

Let U afld W be two subspaccs of a vector space V and 7, = L + W.'l hcn provc that

Z--U@Wcrz=u+w is unique leprcsc[tation for any ze.Z_ andforsome us(J, o)sW

Prove that the inte$ection oftwo subspaces ofa vector spacc ]s again a subspacc. Is thi"s

statcmelt truc for union ? 5

I

2\1\1 lllqg (conrd.)



,1

(q) Show thal thc ordered set S - {(1, l,0), (0, 1, l), (1,0,.-l), (1, l. l)) is LD and locatc

one ol the vcctors from S thal bclongs to thc span ofthe previous ones. Irind also thc largcst

I.l subsct ol S whosc sp.tll is [S]. 5

UNIT-TI
(a) Iiind a Iinear Irarisformation'l li.rrm V, lo V. s.t.

I (1, 0) (1, I) and'l (0, I). (-1,2). Prove that f maps the squarc with vcniccs
(0.0), (1.0), (1. l)and(0, l) into a parrallelogram. 3

(l)) l,c! 'l' : L-l , V b,.' a lincar map. fhcn prove thal R(T) is a subspace of V 3

(c) l;ind thc rangc. kcmel, rank and nullitl ofthc matrix :

tlz
,\ 1)5

and veril-1 Rauk-Nulliq' lhcorcm. 4

(p) irind the matrix of thc linear map 'I : V. --r V. dcfincd by 'I (x, y) = ( x+2y. I 3x I 3y)

rclatcd to rhc bases

B t(I. 2), ( 2, l))

ancl 11, l(-1,0,2). (1,2,3), (1, l, l)i. s

1q) Stalc,md provc Iiank-Nuliity theorem. i
UNIT-III

(a) l -ci V bc a fi n ilc dimcosional vcctor space over F, then prove that V!v. .1

(b) II W, and W, arc subspaces ofa finite dimensional vector space V ovcr Ir, thcn show

that

A(\i/)$',) A(\ri).A(%). _1

(c) Provc thal annihitator of W = A(vv ) is a subspacc of i . 3

(p) t,cll;.Vbc finitc dimensional complex vector spaccs and A: U-+V,B: U-+Vbelinear
maps ol u e C, thcn provc that :

0 tA r l'i)* A* 't B'',

(ii) (aA)* u r\*. 3t2

:

7

vtv t4t99 (Co.rd.)



L

9.

l0

lt

(q)

(a)

(b)

(p)

(q)

G)

(a)

(b)

(c)

(p)

IfW is a subspace of a finite dimensional vcctor space V thcfl provc that

A(A(W)) - w. 5

UNIT-Iv
[,ct V be a sct ofall continuous complex valued functions on the closcd intcrval 10, I l.

If(9, g(t) sV defined by

.l((t).9(t,) tr f(r) g (t) dt. thcn.

show that this dcfincs al imcr product on V 5

Using Gram-Schmidt Orthogenalisation process orthonormalise thc L.l. subsct

{(1, l, 1), (0, l, l), (0,0, r)} of vr. s

lf {x,, x, ..., x,} be an orthogonal set, then provc that :

l*, t*,*... r.*" 1'=. ll xr lr+ll x, ,+... +ll x^ 11. 3

Prove that in an inner product space Y
(i) ll aul lq ll ul,
(ii) ll urvll <ll ull rll v ll. 4

IfV is a finitc dimcnsional innc. product spacc and W is a subspacc ofV thcn show that
(w')' w. 3

UNIT-V
Provc that arbitrary intcrscction ofsubmodulcs ofa module is a submodule. l
Lct M bc rm R-module. 'fhen provc the following :

(i)t00,V7eR
(ii) (t a)=y (a)=( t) a, VteR and m€M. 4

lfA bc a submodulc ol'unital R-module M, then prove that M/A is also unital R-modulc.
3

Dcfinc R-modulc homomorphism. If T : M + H be an R-modulc homomorphism. thcn
provc thal :

6) K(l) is a submodule ofM and R(T) is submodule ofH.

(ii) l'is orc-onc <, K('l): {0}. li4

(q) Iat M bc an R-modulc. 11'H and K arc submodulcs ofM with K c Il. Thcn provc that

.5

4

M.M/K
II IVK'

vtv 14t99 925



AV-l8t 0

B.Sc. (Part-IlI) SeEester-\al Eraminetion

MATHEMATICS (NEW)

(Linear Algebra)

Paper-XI
Tim€ : Three Hoursl [Maximum Marks : 60

Notc i-(l) Question No. I is compulsory. Attempt it once only.

(2) Attempt ONf, question from each unit.

l. Choose the correct altemative : l0

(i) A non empty subs€t U of a vector space V(F) is a subspace of V iff :

(a) op+uveu (b) qu+pv€V

(c) autp.veu (d) clu-pv€Vforallo,p€Fandu,veu
(ii) Any subset of linearly independent set is :

(a) Iinearly dependent

(b) linearll, dependent and linearly independent

(c) linearly independent

(d) None of these

(iii) If T : u + v is linear map then R(T) is subset of :

(a) v (b) U^V
(c) u (d) Uuv

(iv) An element of dual spacc V is called a I

(a) Linear element (b) Linea! t'unctional

(c) Bilinear element (d) None of these

(v) tf u,v be finite dimensional vector spaces andT: u > vbe a linear one-one and onto

map, then :

(a) dim U = dim V (b) dim U * dim V

(c) U:v (d) U*V
(vi) Il V is the finite dimensional vector space over F then :

(a) v=t' (u) vrv
(c) t={0} (d) None of these

(vii) lf I V ll = I then V is called :

(a) Orthogonal (b) Null vector

(c) Normalised (d) None of thesc

wl'z-13'79 (Contd.)I



(viii) The normalised vector of (1, -2, 5) is

( r 2 s)("' l*o'Jio fio, ib) I
2t

t2 (d) (r, -2, 5)(c) )

2

3

I

(ix) R-Module homomorphism is linear transformation if:
(a) R-with unit elernent (b) R is commutative

(c) R-is a field (d) None of these

(x) If the ring R has a unit elcment 1 and I .a = a for all a e M then M is called :

(a) A unital R-module (b) Right R-modulc

(c) kll-R-module (d) None of these

UNIT_I
(a) Deline a basis ofa veclor space. If {v1, v:,....., v"} is a basis ofV over F and if

wr, w), ......, w,n e V are L.l. over F. then provc that m < n. l_4

(b) Deline a subspace df a vector spacc and prove that the non empty subset U ofa vector

space V(F) is a subspace ofV iffau + pv e U r. q.,0 € F, u, v 6 LI. l+4

(p) Prove that the intersection of trvo subspaces of a vector space is again a subspace. Is

the statement true for union ? Justify. 5

(q) Find span of S = {(1, 2, l), (1, l, 1), (4, 5, 2)} and then prove that (2, -1, 8)

belongs to thc span ofSr bui (1, 3,5) does not belongs to span ofS. 5

UNIT-II
(a) Let U, V are the vcctor spaces overa field F and T: u -+ v be a linear map. Then prove

thal :

(i) r(0) = o

(ii) T(-u)=-T(u)wueU
(iii) T(c,u, +o,ru: t .... ... + a.u") = d,T(u!)+ c(.T(ur) +...... + ciT(u")

vu e U.o,e F. I<i<nandn€N.
5

(b) t.et T : V. -+ V, be a linear map defined by T(e,) : (1, l, l), T(e)) = (1, -1, 1),
'l(e.) = (1, 0, 0), T(e1) = (1, 0, l). Verify Rank-Nullity theorcm. 5

(p) State and prove Rank-Nullit1, Theorem. 5

be a matrix of Iinear map l with respect to bases Br and 82

where B, - {(1. I. l), (1, 0,0), (0, 1,0)}, B, = {(1, 2, 3). (1, -1, 1), (2, I, l)}. Find
T : V3 -+ V, such that A = 1T : 8,, B,). 5

5

lwP7_-it79 (Contd.)
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5

;

6 (a)

(b)

UNIT_III

l.et V be a finite dimensional vector space olcr F. Then prove lhat ViV.
Define Annihilator of W. Prove that annihilator of W = A(W) is a subspace of t

If tl and V are finite dimensional complex vector spaces and A : U -+ V, B : U -+ V
are linear maps, then provc that (i) (A + B)r : A* + Br, (ii) (cd)* = o Ar. 5

If S is a subset ofa vector space V andA(S): {f€tff(x)=0 vs e S} then prove that

A(S): A(L(S) wherc L(S) is the linear span of S. 5

UNIT-IV
Stare and prove Cauchy-Schwarz inequaliry ._ 5

(i) lf {xl, xr, ......, x"} is an orthogonal set, then prove that :

lx, + x. + xr +...... + x, l,=lxr l|x+ ll x, l1+........+ll xi ll,.

(ii) Prove that every orthogonal set is Ll. 5

Let V be a finite dimensional inner product space. Then prove that V has an oihogonal
(orthonormal) set as a basis. 5

Using Gram-Schmidt process, orthonormalise the set of vectors :

{(r,0, 1,0), (1, l, 3,0), (0.2,0, 1)} ofv.. 5

UNIT_V
If Mr and M, are submodules of R-module M, then prove that M, + M, is a sub module
of M. Moreover prove that Mr + M, is a direct sum of Mr and M, iff Mr ll Mr = {0}.

5

Deline :

(i) R-modulehomomorphism

(ii) Quotient module

and prove that ifA be a submodule ofunital R module M, then prove that M/A is also

unital R-module. 1+l +3

7 (p)

8

(q)

(a)

(b)

9. (P)

(q)

10. (a)

(b)

ll. (p) If H and K are submodules of M rhen prove that '=*-* =,,'=,. 5' K H^K
(q) If T is a homomorphism of a R-module M to R-module H then prove that :

(0 r(0) = 0

(ii) T(-m) = -T(m) wm e M
(iii) T(mr - mr) = T(m,) - T(mr) w m,m, e M. 3

(r) If Mbe an R-module and m e M. Then prove thal A = {nn/. e R) is a submodule

of M. 2
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AU-l57

B.Sc, (Part-IIt) Semester-Vl Exrmination

MATEEMATICS (New)
(Linear Algebra)

Paper-XI
Time: Three Hoursl [Marimum Marks: 60

Note:-(l) Question No. I is compulsory and attempt it oncc only.
(2) Attempt ONE question from each unit.

1. Choose the coEcct altematives : 10

(i) The basis {(1,0,0). (0, 1,0), (0,0, 1)} of the vectoi space Rr(R) is known as:

(a) Normal basis (b) Quotient basis

(c) Standard basis (d) Nore of these

(ii) The vectors (a. b) and (c, a) are L.D iff :

(a) ad-bc:0 (b) ab-cd=0
(c) cd ab=o (d) ab+dc=o

(iii) The kernel of a lincar transfomatiol T : U -+ V is a subset of:
(a) U (b) v
(c) U and V (d) None of these

(iv) If W is a subspace of a hnite dimensional vector space V, then dim (V/W) =

dim V(u) 
ar,n w

(c) dim V + dim w
(v) An element of dual space of V is called a

(a) Linear functional (b) Bilincar element

(c) Linear eleme (d) None of these

(vi) Annihilator of W, A(W) is a subspace of :

(a) w (b) v
(c) t (d) None of these

vox-35823 I

(b) dim v - dim w

(d) None of these

(Contd.)



(vii) Lvcry set of orthogonal vcctors rs :

(a) Linearly Indcpendcnt

(b) Linear)1 l)ependent

(c) Linearly Independent and Linearly Dependetrt

(d) Nore of these

(viii) Lct W be a subspace of an IPSV then W n Wa =

(a) {o) (b) (1}

(c) 0 (d) None of these

(ix) R-Module homomorphism is lincar trarsformation if:
(a) R is \,!'ith unit clement (b) R is commutativc

(c) R is a field (d) None of these

(x) If the ring R has a unit element I and l.a=aforall a e M, ther N{ iscalled:

(a) A unital R-modulc (b) Right R-module

(c) Left R-module (d) None of these

UNIT-I

2. (a) Prove that intcrsection of two subspaccs of a vector spacc is again a subspacc. Is this

slatement is true lbr union ? i
(b) Let U and W are two subspaces ofa vectol space V and 7.- U + W: Then show

lhat 7, - U e $/ <+ z = u + w uniquely for any z e Z and for some u e U and

w e \\. i
3. (p) Deftne the Linear span ofa subsct ofa vector space and show that Linear span L(S)

ofa subsct S ofa vector space V is the smallest subspace of V coltaining S. 5

(q) If U and W are finite dimensional subspaces of a vector space V, then prove that :

dim(U + W) = dim U + dim W dim (U n W). 5

vox-15823 2 (Conrd.)



4. (a)

(b)

5 (p)

(c)

UNIT_II
Let T : lj -t V bc a Iinear transformation. 'lhen prove rhat I

'l is one-one <+ N(T) is zero subspace of U. 5

Let 1 : V. -+ V, defincd by :

T(x| x,, xr) - (x, + x2, x, + x, xl 2xr)

Find range. kcrnel. rank, nullity and verily rank-nullity theorem. 5

State and prove Rank-Nullitv theorem. 5

Find the translbrmation T(x, y, z). If T is a linear map and matrix ol T wirh respect to

the bases Br and Uz is
121
103 , *'hcre

B, = {(1,2, o), (0, r, o), (1, l, r)} and

B, = {(1, o). (2, -l)}. 5

UNIT-III
6. (a) Let U, V are finitc dimensional complcx vector spaces and A : U -+ V, B: IJ , V be

linear maps, q e C, thcn prove that :

(i) (A+B)'-A'r B'

(ii) (oA)' = q ,{ 3+2

(b) Prove that the element ), e f is a characteristic root of 'l- e L(V) ifl lbr some non zero

v € V Iv = )"v. Also define characteristic root and characteristic vector. l+1rl

7. (p) lfv is a finite dimensional vector space over F, then prove that V:V. 5

(q) IfW is a subspacc offinite dimensional vector space V, then prove that A(A(W)) = W.

5

UNTT-IV

8. (a) Define inncl product space and prove that in an inner product space V :

(i) li <r ult = cr 'lt uli
(ii) ll u+vl<lull + I v ll, ct € F and u, v e V l+4

(b) Using Crajn-Schmidt procrss orthonormalise the set of vectors {(1,0, 1,0), (1, l, 3, 0).
(0, 2, 0, l)) ol v.. s

VOX 35823 3 (Contd.)



e. (p)

(q)

10. (a)

(b)

11. (p)

(q)

Prove that if {W| W), ....., W.} is an orthonormal set in Y then f {*i,u)|'?<lrll'?
i=l

foranyv e V 5

Prove that evcry linite dimensional inner product spac€ has arl orthogonal basis. 5

UNIT_V
Define llomomorphism of Modules and prove that if T is a homomorphism of an

R-modulc V to an R-Module H, rhen :

(i) r(0) = 0

(ii) T(-m): f(m)wme M

(iii) T(m, - mr) ='r(ml) - T('q) v m,m, e M. 1+4

Prove that evcry abelian goup G is a module ovcr a ring of integers Z. 5

Define the sub module and prove that an arbitrary intersection of sub modules of a

modulc is a submodule. l+4

Definc dirccl sum of submoilules and prove that if M, and M, are sub modules of
R-module M. then Mr + M, is a submodule oi M. l+4

vox-35821 '1',75



AV-I812

B.Sc, (Part-UI) Semester-VI Exrmin.tion
MATHEMATICS (New)

(Spcciel Theory of Relrtivity)
Paper-Xll

'finre : Throc Hours] fMa,rimum Marks : 60

Note :-(1) Question No. I is compulsory.

(2) At(empt ONE question from each unit.

l. Choose thc correct altemative :

(i) The order ofoutcr product is the _ ofthe order of the tensors.

(a) Product (b) Difference

(c) Sun (d) None ofthese I
(ii) The interval ds is said to be time like if:

(a) ds? = Q (b) dst < 0
(c) dsr > 0 (d) None ofthese I

(iii) In Newtonian Mechanics, an event is identificd by _ real numbers.

(a) I O)2
(c) 3 (d) 4 I

(iv) Principlc of Relativity' means :

(a) Some inertialfrarne are equivalent (b) All incrtialframe are not equivalenr

(c) All inenialliameare equivalent (d) None oflhese I

(v) l-ength contractiori mcans :

(a) Moving rod measures shofter (b) Moving rod measures larger

(c) Rest rod measures shorter (d) Rest rod measures longer I
(vi) In relativistic addition law for velocities, whelt c -, .o thc[ :

(a) u'= u +v (b) u'=u-v
(c) u'= v - u (d) None ofthese I

(vii) Four velocity of a particle is dcfined as :

(a) u
,= ds,

dx' o) u
dxi

d"

(c)
d\
ds'

(d)

(viii) F = mass X acccleration \,r'here mass : _ is the longitudinal mass of thc particlc.

(a)
mo

(t - u'? /cr)r/'?
(b)

mo

(1 - u, /cl)r/1

dxi

ds

wPz -3181

mot"l tr _ ,i rCL- (d) None ofthese
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(ix)

(x)

2. (a)

(b)

(c)

3. (a)

(b)

4. (a)

Mass cnergy equivalence relation is givcn by :

(a) E-mcr (b) E-m/c'1

(c) E: cr/m (d) None ofthese I

lf Tiis a vector potenlial then magnetic lield is given by :

(a) H-div\ tbt H - curt A

(c) ll = ,\O x e (d) None ofthcse I

UNIT-I
Obtain Galilean translormation equalion lbr t$o inenial frames in n:lative motion 

4

Show that thc circle x '? + y'2 = ar in s' is measured to bc an ellipse in s if s' moves with
unifom velocity relative to s. 2

Shou,that thc Newtn Kinemaical equatiom ofmotion arE invuiant urder Calilezn tmnsfomdion.
4

What are L,orentz transformations ? Obtain an exprcssion for them. 6

Prol'e that in an incrtial frame a body \aithout inlluence ofany forces, moves in a straight

line with constant velocit]. 4

UNIT-II
Show that the velocities u and u'measured in two incrtial systems s and s' are related by

I
L

It
cu

c'

5. (a)

(b)

(b)

(b)

where s' is moving with velocity 'v' relative to s along xx'axis- 5

Show that in nature no signal can move rvith a velocity greater than the velocity oflight
relative to any inertial system. 5

Deduce the transfonnalion ofparticle velocities and hence obtain rclativistic additioo law for
velocitics. 6

Write a short note on "[ime dilation . 4

T]NIT-III

Show that the interval or mctric ds? between two evcnts is given b) :

ds: = _dxr _ dy? ._ dzr + crdt,

Prove that ds'? is invariant under Lorentz transformation. 6

Prove that there exists an inenial system s'in uhich the two events occur at one and the

same point ifthe interval between two events is time like. 4

6. (a)

wP7-3181 (Contd.)



7. (a) Prove that

(D
v
c

T1,l1',n Iltt * 'r'tn *
c

u

4t''
c'

(ii) T'1r = T1r.

(b) Dcline :

(i) Contravariant tensor ofordcr one

(ii) Covariant tensor oforder one

(ii) Kronecker delta

(iv) Space like interval.

TNTI_IV
(a) Prove that E = mc'?, where E is the energy of the particle.

(b) Show that the four velocity, in component form can b€ expressed as

6

1

6I

4

H=

".,,/i-E
'"ll-;t.- , where u = (u, , uy, u,)

9 (a)

(b)

Show that the quantity p'? - E2lcr is an invariant \^'hose numerical !'alue is - ml c 
I . 4

De6ne four momentum vector. Obtain the transformation equations for four momcntum and
energy. 6

UNIT-V
Define current four vecior. Tmnsform its camponents under lnrEtttz transformation. Deduce

an expression ctp'-J' = plc' = invariant. 6

10. (a)

O) Obtain the wave cquation for the propagation ofelcctric E and magnetic H field strengrhs
in vacuum with velocity oflight. 4

I L (a) Show that the Hamiltonian for a charged paaicle moving in an electromagnctic field is :

mi .' *.'1, * so l'|'" *.0\ e / j 5

(b) Define clectromagnetic ficld tensor F,, and obtain the components Fr| F3r. Flr, also show
that F,r is antisymmetric. 5

wPi/-]181 525
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AS-t473

B,Sc. (Part-ll! Semertcr-Vl Er.mitrrtioo

MATIIEMATICS

(Specirl Theory of Relstivity)

Paper-XlI
'Iime : Three Hoursl [Maximum Marts : 60

Note :- (l) Question No. I is compulsory.

(2) Ancmp( orc questioDs from each unit.

!. Choose thc correct altemative : I

(i) 'l'he refererce system is said to bc an inertisl system if:
(a) NeMon's first law of molion valid

(b) Newton's second law of motion valid

(c) Newlon's third law of motion vslid

(d) None of these.

(ii) The special Lorentz transformalions will reduce to simple Galilean tEosformations

when : I

(a) V-C (b) V>>C
(c) v<<C (d) None ofthese

(iii) The simultaneity in special relativity is : I

(a) relative (b) constant

(c) absolute (d) NoDe of these

(iv) The time recorded by a clock moving with a body is Lnom as : I

(a) Time dilation (b) Proper time

(c) Fixed time (d) None of these

v'rM- t420 t (Coitd.)



(v) The interval ds is said to be time-like if:

(a) ds'z = Q (b) ds, < 0

(c) dsr > 0 (d) None of these

(vi) Mass energy equivalence rclation is given by :

(&) E = mc'? @) E=%

(c) E=lA (d) None of these

(vii) Four velocity of a panicle is defined as :

ds (b) u'
dx'

I

ds

dx(c) u = -:-T
ds

(d)
dxi

ds

(viii)lfA is a vector potential then the magnetic field is given by :

1a.1 H = div,{ (b) H =curl n

(c) H = AO x A (d) None of thesc

(ix) The electric and magnetic field strengths remain inva ant under :

(a) Galileaa transformations (b) Gsuge tmosfomationlr

(c) Foufier transformations (d) NoDe of rhese

(x) 'the traDsformations i' = i - vt and tr = t are known as :

(a) General Lorentz ransformations (b) special Lorcntz transformations

(c) Simple Galilean transformations (d) General Galilcan transformalions

I

2vl M-t4201 (Contd.)
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IJNIT-I

2. (a) Discuss thc Geometrical interpretalioN of Lorentz transformalioN.

la:
---i 

- 
ts tnvzm

4

4

3

(b) Prove that V'] ant under special Lorenlz traDsfoftrations

(c) What are the postulates of thc special theory of relativiB ? 2

(a) Oblai! Calilean transformation cquations for two inertial tiames in relative motion.

4

(b) Show that the Ncwton's kinematical equalions of motion are invariant undcr Calilean

transformations. 4

2l
(c) Show that the circle x +y =a! in S' is measured to be an ellipse in S if S'moves with

uniform velocity relative to S. 2

UNIT-II

(a) Deduce the transformations of particle velocities and hence obtain rclarivistic addition

law for velocities. 6

4

(b) Obtain the transformation of lhe LoEntz contraction factor ,[l-7

5. (a) Ifu and u'are the velocities ofa particle measurcd in the ftames S and S'respectively,

then obtain the expressions ai,a| and a. for acceleration of a particle. 6

(b) An obs€rver moviog along the x-axis of S with velocity V observes a body of prop€r

volume Vo moving with velocity u along the x axis of S. Show that the obs€rver

measues the volume to be equal to 'o
(c: -rrX": - uz)

G' - url I
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IJNIT-III

6. (a) Obtain the me tric dsr = 4xt - dy2 - d* + cr dt2 of the space time geometry of special

rglativity. Prove that ds? is invariant of special relativitv. Provc that dsr is invarianl

under the Lorentz transformations. 5

(b) Deline time-like and spaceJike intervals. Prove that thcre exists an inertial system S'

in which two ev.ents occur al otre and the same point if the interval belweca two events

is timelike. 5

1 Obtain the transfomalions of the components T"' and T'rt. 6

Define :

(i) Four dimensional radius veclor

(ii) Four vcctor A'

(iii) Light-like interval

(iv) World line. 1

UNIT_IV

Dcduce Einstein's mass-etrergy equivalence relation. 6

A particle is given a kinetic ene4y equal io n times it's rest energ-y rnoc2. \ivhat are :

(i) its speed and

(ii) momentum ? 4

the mass of the particle when it is at rest.

(b) Show that four velocity and foul acccleration arc mutually o hogonal

(a)

(b)

(a)

(b)

S

9. (a) Prcve that the mass of a moving panicle with velocity u is . = 
jlj=, 

where mo isJr .,

6

4
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UNIT_V

10. (a) Obtain the trarsformations for electric and magnctic field strengths.

(b) Prove that the energy momentutn tensor of clectrobagnetic field is trace free

6

4

1t. (a) Show that the Lorer z force acting on a particle ofcharyc € is given by [ =.f f -1-r,ii)
\c./

(r

(b) Show that the Hamiltonian for a charged porticle nroving in an electromagnetic fields is :

I}, + eQ.Il= mic P -9A
c

I+ c1
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B.Sc. (Part-IIl) Semcster-Vl ExamiDation

6S.MATHEMATICS

Special Theory of Rclativity

Psper-Xll
'l'imc : I hrcc Ilours] [Maximum Marks : 60

Note :-(l) Question No. I is corDpulsory and attempt it at oIlce only.

(2) Solve ONE question from each l)nit.

l. Choosc the coftect altemalives :

(l) ll'ds')= 0, lhen lhe intcrval 'ds'is said to bc : I

(a) Light like (b) Space Iike

(c) 'limc likc (d) None ofthese

(2) If an electromagnetic field is purcly elccl c in an inertial frames, thcn $e field in s'

is: I

(a) Only clectric (b) Only magnelic

(c) Electric as wcll as magnetic (d) None of these

(1) t1'0 is a scalar poteotial and A is the vector potentiat, then the clectric ficld is given

by: I

taA
(a) F=a-.1,h l1'

cdt
(b) E=$adS +_-c&

(c) (d)

(4) 'lhe elcctric field strength E and the magnetic field strengrh ii arc invariant undcr

1, = ,,u65 1:'4
" c rll

: taAF= orad6+--- cDt

(a)

(c)

Galilean'l'ransformations

Cudge Translbrmalions

(b)

(d)

Lorentz Translbrmations

Nonc ol- these

(Contd )
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(5) lhe timc recordcd by a clock moving with a body is called as : I

(a) Absolut. time (b) Propcr time

(c) lmproper limc (d) Nonc of these

(6) l,englh conlraction means : I

(a) Moving rod mcasures longer (b) Resl rod measures longer

(c) Moving rod measures shorter (d) Rost rod measures shorter

(7) lnertial svstem nleans the relerence system where : I

(a) Ne$1on's first law ol motion is valid

(b) Newton's second law ol molion is valid

(c) Newlon's third la\a of molion is valid

(d) None of thcse

(8) Irour velocitl'ol a particlc is a : I

(a) t.-nil space likc veclor (b) Unit time likc vector

(c) tjnit light likc vector (d) Nonc ol these

(9) Ihc simullaneity in speoial relativity is : I

(a) Constant (b) Rclative

(c) Absolutc (d) None of rhese

(10) fhc interval ds is said to be spacc-like il r I

(a) ds: - 0 (b) ds? > 0

(c) dsr < 0 (d) None of these

UNIT_I

(a) Pro\e rhat in an inertial liame a body *'ithout influence of an1 lorces morcs in a

straight line with conslant velocily. l
(b) Show that Nc\fion s kinematical equations of motion are invariant under Calilean

lransfomalions. 4

(c) Shou that xr t )r ! 7.1 c)f is l.orentz invariant. 3

L_\\\ t.l;16 {Conrd.)



(p) Show thal Lorenlz tmnsformalion forms a group with respect to multiplication. 4

'')(q) Prole ttr"r V'? ] 1; is invariant under special Lorcntz lransformalions. 4
c'd'

(r) What ar(j the postulales of special relativity "l 2

UNIT-II

+ (a) Show that in nature no signal can move with a velocily greatcr than the velocity of light
relalive to any ingnial syslem. 5

(b) Show that thc velocities u and ui measured in two inertial systems and s'are rclated

bv:

l l

l+ c

I

('t*u")

where s' is moving with velocity v relative to s along XX' axis. 5

(p) Obtain the transformations lbr the acceleration of a particle under special Lorentz
lransformations. 4

(q) Lxplain :

(i) Time Dilation
(ii) I-ength contraction. 3I3

UNIT_III

6. (a) I)eline lour vector. Show lhat :

Ar = _Ar. Ar - _A,, A, = _A,, Aa = An. 4

(b) Prove that lhere exists an inertial system s' in which the two events occurs at onc and

lhe same timc ifthe interval betreen two cvents is time like. 4

(c) What do you mean by covarianl and contravariant lerlsor of rank t\io ? 2

7. (p) I)eline : Proper timc. Shou' that the ploper time of a moving object is always less than

the corrcsponding intcrval in the rest system. 4

(q) Obtain the translbrmation of thc components lrrr and'Itr'. 4

(r) What arc world points and world line 'l 2

i jNw 2,1776 3 (Conrd.)
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UNIT-IV
(a) Delinc four velocity. Prove that lhe four velocily in componcnt form can be expresscd

as:

u
lu

j,:5u

c_

tb)

whcrc u=(u..u\.uz)= velocit) oflhe particlc. l+3

Show that the quantity p' la is an invariant whose numcrical value is mjc2. 3
c-

Provc thal four velocity and four acceleration arc mutually orthogonal. 3

Obtain the niass energy equivalence relation E = mc'], where m is the relativistic mass

of the particlc. 4

(c)

(p)

un,t {ll : u
dp

(q) Pro\c that Il = c p2 + rnl"2

t,4

(r) Define lbur lbrce. Show that thc four force and lhe lbur velocity arc orthogonal to cach

othcr I t2

U\IT-V

10. (a) Deline current fbr.rr vector. Show that c:p2 Jr is invariant and its value is pj.c2

(h) l'rove that the sct of Maxwell's equat ions rlir H=U andcurl F= 1{] 
"rnt.*,iu"n

aF ,tr, .aL

as -,r + l^ +:!- I=0, 
ryhere l-ris the eiectromagnctic field tensor 5lx' &j

ll. (p) I)eline elcclromiignetic licld lensor F. Express the components ofFu in lerms ofthc
elect c and magnetic field strenglhs. l+,1

(q) Obtain thc translbrmations for electric and magnctic lield strengths. 5

.lt,Nw 21776 lt5



AU-I59

R.Sc. (Part-II) Semester-Vl Examination

MATHEMATICS (New)
(Spccial Theory of Relativity)

Prper-XII
Time : Three Hours] [Maximum Marks : 60
Note :-(l) Question No. I is compulsory.

(2) Attempt ONE question from each unit.

1. Choosc the correct altcmative :

(i) If ds = 0, then the interval ds is said to be : 1

(a) light like (b) space like

(c) time like (d) None of these

(ii) Lorentz transformation reduces to Galilean transformation if: I

(a) V C (b) V>>C
(c) V<<C (d) None ofthese

(iii) Signature o[ the Minkowskian space-time dsz = -dx2 - dy'1 - 4.2 + c'dt] is : I

(a) 2 (b) 2

(c) 3 (d) I
(iv) The fansfomations i'=i--lt and t': t are known as : 1

(a) General Lorentz falsformation (b) Special Lorentz tiansformation

(c) Simple Galilear transfomation (d) Generat Galilean transformation

(v) The time recorded by a clock moving with a body is known as : I

(a) Time dilation (b) Proper time

(c) Fixed line (d) None of these

(vi) The simultancity in spccial relativity is : I

(a) relative (b) constant

(c) absolute (d) None of these

VOX 35825 I (Contd.)



(vii) The four vclocity ol a particle is a unit _ vcctor.

(a) spacc likc (b) light like

(c) time like (d) Nonc ol'these

(viii.) Mass cner[y cquivaicnce relatron is gilen by :

(a) E : mc (b) E: nvcl

(c) E - crlm (d) None of thcse

(ix) The scalar potcntial 0 and vector potcntial A of the electric field is

tat E-cradd IDA rbr e=e.ado- 164
e n - 'c6t

I

(c)

(b)

(c)

(p)

(,r)

(.)

;= o.r.16 1i4- cdt E=-*uao*14- c&(d)

(x) Iour forcc 1 =

(a) (b)

(c) (d) None of these

UNIT-I
Define inertial system. Prove lhat in an inertial frame a body, withor.rt influence of any

forces, moves in a straight linc with constant velocity. l+3

Discuss the Geometrical interpretation of Lorentz transformation. 4

Show that xr + yl + z) et is Lorentz invariant. 2

Provc that NeMon's I'undamental cquations of motion arc invariant under the Calilezn

transformation. 4

What are the postulatcs of spccial relativity ? 2

Show that the three dimensional volume element dxdydz is not Lorcntz invariant but

the four dimensional volume clements dxdydzdt is Lorcntz invariant. 4

dx'

ds

dui

ds

dp'

ds

(a)

vox 15E25 (Contd )



UNIT_II
4. (a) Derive the transformation for th€ acceloration of a particlc. Prcve that when u, v < < c,

thesc transfomation deduce to Galilean one. 6

(b) Obtain the rclativistic transformation formulae for the velocities of particle. 4

5. (p) Obtain the translormation of the lnrentz contraction factor

6. (a) Define four tcnsor.

Provc that :

I 6
c2

(q) An observer moving along the x-axis of S with velocity V observes a body of proper
volume V0 moving with velocity u along the x-axis of S. Show that the observer

mcasures thc volume ro be equal to v0
(c' v') (c" u')
- ,, l(c - uv)

UNIT-III

(0 'r' .,.rr Vrr_Vrlr

Tr2 _ V 
1.42

C

y2
'c2 T{4

4

l+2+2(ii) T'r2 = cr

7

(b) Define length of tbur radius vector. Show that xr : -xl, x2 = x2, xr : x3, xa - xa and

then deduce that xi = (-i, ct). l+3+l

(p) Define four vcclor A'. Show that the square of the lenglh of a four veclor is invariant

under l,orentz transfomation. l+4

(q) Prove that there exists an inertial system s'in which the two events occur at one and

the same time il the interval betweQn two events is space like. 5

UNIT-IV

8. (a) Prove that l= mos2 I :- for the relativistic Lagrangiatr
c-

5

vox 35825 (Contd.)



(b) Dcfine four vclocity. Prove that the lbur velociB', in component lorm can be exprcssed

-;
,j, !

tI: +eO

wherc u : (u.. u., u,) : ordinary z-dimensional velocity of the particle. 5

9. (p) Obtain Einstcin s mass cnergy equivalence relation. 5

(q) Delinc four velocity ard lbur acceleration. Show that four velocity and four acceleration

are mutuallt.' orlhogonal. 2+3

UNIT-V

10. (a) Definc elcctric and magnctic field strenlhs in terms of scalar 0 and vector poteltial A

and shorv that Ii and it remain illvariant under Gauge translbrmation. 2+3

(b) Provc that the Lagrangian for a charge particle in electromagnetic ficld is :

* 9,{ .t 
"oc

5

I 1 (p) Show that thc tlamiltonian for a chargcd particle moving in an electromagnetic field
ts

2 U?
t.t l

P 5

(q) State Maxwcll's cquations of electromagnetic theory in vacuum. Also find its equations
in componcnt lorm. 2+3

vox 35825
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