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SECTION-A

I. (a) Solve the differential equation:

(x"e™ —2mxy?)dx + 2mxtydy =0 . -/‘(_D (10
This is of the fdm Pdxendy=o
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. {¢) The middle points f)fthe opposite sides of a jointed quadrilateral are connected by light rods of lengths 7, 1’?
If T, T" be the tensions in these rods, prove that

r m
—4+—=0
Lo (10)

iy . .
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and p' ; the particle is displaced slightly towards one of them, show that the time of a small oscillation is
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I. (e) Verify Green's theorem in the plane for m(Zx ~ ¥ )dx ~xydy | where Cis the boundary of the region enclosed
v .

by the circlesx? +)?=1 and 32+ =9, (10)
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2 () A heavy string of uniform density and thicknéss'is suspended from two given points in the same horizontal

plane. A weight, an ™ that of the string, is@ttached to its lowest point. Show that if 0, be the inclinations to
the vertical of the tangents-at the highestiand.Jowest points of the string.

tan g = (1 +n)tand ) (15)
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(d3 () Is there a differentiable vector function ¥ such that
(A) curl ¥ =r (B) curl ¥ =2i+ j+3k ?Ifso, find ¥

2.

(@) If f=(axF)r", showthat div f =0 and curl f = (n+ 2)r"a — nr" 2(GF)F

) s
' IV, 3V
V. V., 2 _ S -
() C V = (bs ) ) +( )J%()x Dg)k
3V Ve _ 5 T WV V3 yr % M _ &
— - T — 7 T = —_— - v _'S—"v
bk 1z >z dx % 9

(P) If cdd vV = >
A UVrcdV = Vs
Lbse V- eV = div eV o=
Pps = V-x = 3_—71:1,'!—45/
23 A we VvV > wr\//,:h,/'

B) Ip oMV = 2i o+ g ik
tlan Uraodv = (I (2l +itik)
) o =0 il s 'hww,.

Vs Vo Nl MWV 1 PR )Va__3
Y2 Sz 7 vz s T Sx 3y

2 \/3—:,2‘,)/ V, =2, V, = 3x

Jo V,= —22, Vy=—-%X, VvV = —37)

ANz z i 30y F29 K
hve “3Yyi-2z)-xk
(}1) F=(axs)"
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3. (b) A shot fired with velocity ¥ at an elevation Gstrikes a point P on the horizontal plane tﬁrough the point of
projection. If the point P is receding from the gun with velocity v, show that the elevation must be changed

) . . 2v . .
to ¢, where sin2¢=sin26+ 7sm¢ i5)
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+ T VAT 4,y =2, Z=, aDOVene xy plane.

(29)

.
: .
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4. (a) By using Laplace Transform solve

d .
(D2+l)y=tcos2t,y=o,-£—=o when t=0. 4%

v
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4. (b) A particle is moving with central acceleration y(rs - c'r) being projected from an apse at a distance ¢ with

velocity ¢® {24213 , show that its path is the curve x* + gl=ct. - : (20)

I M S Head Office: 105406, Yop Floor, Mukhariea Tower, Dr, Mukherjes Nagar, Dethi-110009.
Br 2618, Nagar Demt .
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4 () DIf d=x"pzi —2xz°j + xz2kand B = 277 + 3] — x*f; . Find axay(“f»‘) at(1,0-2).

(if) 1n what direction from the point (2, 1,~1) is the directionl derivative of If g=xyz* is maximum.
' (15)

.
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SECTION-B
5. (@ Solve (sz +3y% - 7)xd.x - [3):2 +2y% - 8)y'dy =0

a0
Pt X=x", ¥ = ¥° = dx=2xdx, d¥= 2pdy

o (2x+3Y-7)dx — Gx+32y-8)dY =0
s dY _ 2x+43Y-7
aX T 3 xi2Y_g
Pt X =wu+ h, )’—,v+rk///
whoe : >h +3k-7 =0
')C'SL\*’.LIL——?SO
e h=2, k|
e. pPuk X':bL'\’?’/-‘)’::V%"l/’

C—’%/dv _ _2.(4L')'3V
du T

3w t2v

Pt V= tw =5 dv=z + +udlb

-S La(i-4) 4*&04—%)] +C,

o

-

o I+2¢ a
A W dt _ Z_LtL
du 342t
Yy Ju. — 3"’7/*7 df
w > C1—t%) /’l’w/
- s/. Y
é%s —‘i[ ,-?:L— + H—Lf]dt
bhow = L
< e =g

= u'q =c 1t whoe €= Mnc
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i e - Q’_VA‘)> (u./v)S

2 (w-v)” = c-Cy/@_/

| =) (X—Z—(y—:))-s-: < ( x-2 *7“)

3 (xL—y‘——:)y = c(x‘*'vi’})

% C (8 @a @4«'M2 Coms Yurd s

< — 1\

5. (b) Show that y, (x) =xand y, (x)=1x) are linearly independenit onjthe realfine, even though the Wronskian

cannot be computed. ¢ (10)
x
() = 2(x) 92(x)
S0 9, (%)
>
FHh xzo wcx):’x;"":o
. o

—

! -1

N |
Let 'At\j((x) + XAy D(x) :«o«,\/

Forn Xzo , wi(x) :.1 x
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Caseci) . X =20 =) X, X +X, . Xz=o = >‘|:">‘;_"®
Cose (i) X £ O =) >‘|3(""\1,’l o =) >\'$ A'— '@

'p,:s For equate () 4, L& thie ¥ X e.m%

u"\)“) Solunt' \7-1)\ >\-|_'J(->‘L-“5 A,—’—o&/r\_’,_’:"i
| = [pTow]

D Yy (x) & 7.(%) o Loty | ~depedet ]
MRS AR L S

5.4 A lamina in the form of an ‘isosceles triangle, whose vertical angle is o
is placed on a sphere, of radius r, sgithat jts plane is vertical.and one of its equal sides is in contact with the
sphere; show that, if the triangle be slightlydisplaced in its own plane, the equilibrium is stable if
. 3r . L .
sina < ~a'— , where « is one of the'equal sides of the triangle. -

(10)
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5. (d) Aparticle is thrown over a triangle from one end of a horizontal base dnd grazing over the vertex falls on the other |
end of the base. If 4, B be the base angles of the triangle and o the angle of projection, prove that

tana =tan 4 +tan B L))

7
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3. (e) Suppose F =i (e" cosy + yz) +j (xz —¢%sin y) + k(xy + z) Is Fconservative? If so, find Fsuch that

Fear . ; C (10)
; J ok
VxF = /X 25y *s2

ﬁxc«&yq—vz :lz—exsn‘h; Xyrz

S [;’;wn) g—uz-e s-%

rj [-@; (e carroz) —2 (x9r2) |
+ LL%;C‘Z —e sy ) "-;Dg Cc"c.a;; +;,z):]
[" - I] + J[ Y —v]“{(rﬁ

E‘ts ~y +2)

\
0
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vV xyr “—v, )
(,‘\/e conc e M F NES Con st te .
Vi = i(eTcay ry2) Hj(xz-etsiny)
+e( xy+rz)

7),5,&_—_-,6,’(0«834—72 ”“®
x

A R I_Z“‘QXSI‘IHD e

° _
3_‘)—.. = 1;7-)—'2.‘-——/@\
z .
D Frm O, = elcayrxyz+ Iy (L2)-
@ T2 xy2 + Cuysirplez) @
F R = 2= -
O, b= xyz+ ly &

(1

B

P ©.0.0. & wd
O\ /o RG22 5, 002 s 2R A oy sty

Rl

2 F(w2)= XHZ A exCAg 'i::zz_ﬁ/

7
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{6 () Sotve( ¥+1de— - x+3)[dx) (x+5)y=e' —@ (13)
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[ S—-d’- -
IF = € = €
_ - _ex x 4
7}7'61:.(6 .(i_%_.pc,eC)H))
- - 4 C._( Cx+1)° + <,

4 s

where ¢ o) oxa ankitrmy
Cor s¥Fon iy

Ay= C e

6 (© smve(D—l)’(Dz+l)’y=sinz(§)+e"'+x. whdrgwe#ﬂﬂ—irﬁwme) a2)

Fodliwsy eption _
(m-0)" (=440 =
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- g
6. (d) Reduce the equation x2p? + py(2x4y)+9° =0 where p ='d_}; to Clairaut’s form by putting » =y and
v =xy and find its complete ptimitive and also its singular solution. . (15)
w=49 cv=xy
A dy _ wmox + 94E
dy ~ duw

LU AN S ——(D
da w P .

Goiven 3:"?" +F ey (2% +9) +jV

4 (2p+9) 4 Pyt =0

Y

i %
2 | “w w +
= u«(dv’_v, )+ ] 4 v
2: w w

0’ T
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2 Comphede p>~ibie s Xy 2 &7 4"

£ _gin;,v.’ud\ [ LY V0 AP i s \(jz’_j._(_‘xy 0.

7. {a) A heavy hemispherical shell of radius r has:a particle attached to a point on the rim, and rests with the

- R
curved surface in contact with a rdugh sphere of radius R at the highest point. Prove that if —r— > \[5_ -1,

the equilibrium is stable, whatever.be the weight of the particle. . (12)

et -
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7. (b) If the ends of a uniform inextensible string of length / hanging freely under gravity slide on a fixed rough
horizontal rod whose coefficient of friction is p, show- that at most they can rest at a distance

’Ldlog{]—t\/:—ﬂl ' ' (13)
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7. (c) A particle is placed very near the vertex of a smooth cycloid whose axis,is vertical and vertex upwards, and is
allowed to run down the curve. Prove that it will leave the curve/when it has fallen through half the vertical
height of the cycloid. y (12)
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7. (d) Ifaparticle is projected towards the centre of repulsion, varying as the distance from the centre, from a

distance a from it with a velocity a\/; ; Prove that the particle will approach the centre but will never reach

it. .3
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8. (2) Find the curvature and radius of curvatiire of the curve with position vectorr=acos ui+bsinu j, where a
and b are positive constants. interpret the case where a = b .

(10)
Cuowituosg,/ k = J-’:_L_f_\_ / ‘
I5|

s S :_O-CAAU-\"" bSI"“—,j ~®

|

5 % = -ashe i tbasu | - @
=

¥
\

-—-ac«&u.; —bsi‘f\.\l—li -l® . B
(a,bs.'nzu-l-a.bq{"%k/:a-bk

Iabk] . /
=2 k =

= (o.LS(‘nLu + bﬁ. GAL“);/;

-
.

s
.
X
7l
u

ab [reeb e e
@LS:hlu“'L‘LCo&lbt);/L conrstants ]

Head Office: 105-106, Top Floor, Mukharjee Tower, Dr. Mukharjee Nagur, Delh-110008,
Branch Office: 25/, O:d Rajender Nagar Markat, Doihi-110060 - e

5 k=




i-e. Wk@n. )'5\'}: a, k;i e (=

Ce. when the mageltude df o Gives posEcon vecton

of = cwve i cons fant . Ko, Ve m’ A
(b atse combet and s sy bl Sueproad

/6\ oy the mmegritwde o Sialius J{r‘c\.aswiw\a s

eqpd to te aegudtude .

+Head Ofice: 105-106, Top Floor, Mukberdes Tower, Dr. Mukherjee Nagar, Dethl-1£0005,
250, Naga Delhi-110060
Fhe, 01145629907,

ussinm 0P EATEERATICAL SCIBNCES)

P.T.O.

RIS/ L L T G L S 2




49 of 56

8.

(b) A particle moves along the curve x = 212, y = £-4¢, z = 31 - 5 where t is the time. Find the components of its

velocity and acceleration at time t= 1 in the direction § — 3 + 2£ . (10)

Unit vector in gita  drechion

/\’_ ',..3‘_ L
n o= il - o ——C(—’Z‘)‘)-lk)

J rrrstear NG al

Give T = 2470 ¥ (Het) ¥ (3t-9k

k=3

= Gt {—(ztfq)j 3 k __@

at
a;+_ij -

= ah-2) +3k =G
[I:**M@]/

D Comporent off \'W ot time t=1 in %‘W

= VC‘)"‘

_ = 472_5-}'3}&)?("33‘}2#) »
QC\ /

L (e+c2). (-3) F32) = e

(!

1(1

@ a\i’ t =1 |.'\ 3“\/‘- ‘Md‘l‘([\q
— ~ . “ ‘8 —l— . ¢

= OKC‘)'V‘ = (ql‘l"Z-J)' \f{_(;(-. 3,] ’}'lll:)
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8 (c) Showthat curl (YN g)=VgxVy=— curl (#Vw) where ¢ and ¥ are two scalar functions.
(i) ¢,and ¢, are two scalar functions such that (V2 +K2)¢, =‘0 and (Vz + K3]¢2 =0 and
J=Vx[Fg +7 xVg,]. Show that div F=o(v +K?)f=0

() wWe knoe  Hhat .
Ux(WA) = UWxA + wuxa) [whve @4
- / _,@ Scalod &ny

A s a b—ed’h]
scwd (wvd) = vux(Ve) + CP[VX vo ]

= VY x vu-.' ol grad ¢ =0
‘\lpud CO"‘\SFM B

—cd (bu) = —[w?_w + d)[VxVW]] (¢~0)

F = [ ] sty

= VWX V@'}. —
Hence. cwld (@ud) = wWw xv;cp = .-—C\JJ.((DVW)
e
Given = Ux 566 Sx Vo] -0
(e T O
/ (v k¥ b, =0 -

)

3 V’E A \7"’{*52 x [ % d).%—.;;cjcpl]}.
o6

~—

—

[’,‘ e know that d;\/ cusl K = 0]

Q‘/’}K‘) k =@+ kl)'{v X [i-dy ’+'§-)< véj/}
;<vjt+_gt){¢((\;;<;) + Ex v+ Tx(Gxvdy | |
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= (o*+K*) IL o+ Wx 9 + (V-90.+ V-9)5
—CV&:%S@V)V‘D;

= VL+)cL){9?xvd>, T Vi, + (vh,.v)x 3 v,
- »—@{-v)vﬂ/
- X x v{(vﬁ-k‘)cb.} + VL{(VL?H) d>,,‘J 139 (o) o, | —

| s { @0 9) 355 v)ven ]
= (v2+EY) {Z_L(b_z.)_ T — %(5_ ;xﬁ) vqb,,}

Ix I

8. (d) Verify Stokes theorem for 4 = (2x - y)i 2 yz%) — y*zk , where § is the upper half surface of the sphere
x}+y'+22=1 and Cis its boundary. ’

Stokes ¥hehe—, stofey that as)
[Rase [[(@xF)-mds whoe § 3 b
c S ' SMM LOu.\eb_d s’ CVA\'?_C.
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ROUGH SPACE
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