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nswer all questions . <. Time : Three hours
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l. (a) For any three vectors a, b, ¢, prove that )'
i » P :
~ )/
S an(bAg)=(a-ch— (a-b)c

Hence show that

(b) Find an equation for the plane passing through three points whose position vectors

are given by (2,—1,1), (3.2,-1) and (-1,3,2).

(¢) Find the vector z and the scalar A which satisfy the equations



2. Define the following terms:

e divergence of a vector field.
Coy T oan i : s /om 1
(a) Let r = xi+yj+ 2k, r =|r| and @ be a constant vector. Find div(r"r}, where
n is a constant. Show that
a-ry _a _{a-1)
gfad( ] = 5 +3—>r
PP S P =
(b) Find the directional derivative of ¢ = 22% — 3yz at the point (2,1,3) in the
direction parallel to the line whose direction cosines are proportional to (2,1, 2}
(¢) Determine the constant ‘a’ so that the vector
F=(x+3y)i+(y—22)j+(x+az)k
- ¥
is solenoidal.
s
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3. {(a) Define the following terms 4
e a conservative vector field: 3
e solenoidal vector field. . ]
~ k)
3 / ) (5,2 . N o
Show that F = (Zr — y)1 + (2y2* — z)j + (2y°z — 2)k is conservative but not
solenoidal
(b) Let O = (0,0,0), A=(1,0,0), B=(1,2,0) and C = (1,2,3). By considering
the straight line path OA, AB, BC, find the line integral /E dr, where 7 is a
y

path from O to C
- o = - b . fﬁ pooesy 2~
(¢} State the Divergence theorem, and use 1t to evaluate ;’ FoondS where
o ;
F =dzzi—y*j +yzk and § is the surface of the cube bounded by z =10,

=0 and z = 1.
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Prove that the radial and transverse component of the acceleration of a particle in

terms of the polar co-ordinates (r, ) are

A light inextensible string of length 2a passes through a smooth ring at a point O. on

a smooth horizontal table and two particles, each of mass m. attached to it’s ends A

nd B.
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tially the particles lie on the table with OA = OB = a and AOB a straight
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line, the particle A is given a velocity u in a direction perpendicular to OA. Prove tha
g

the polar co-ordinates of A at a time t with respect to the origin, then
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Find the velocity of A at the instant when B reaches the ori
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A particle moves in a plane with the velocity » and the tameent to the path of the
r 9, C I

particle makes an angle ¥ with a fixed line in the plane. Prove that the components of
o . B . . L dv . dzw
acceleration of the particle along the tangent and perpendicular to it ¥re 5 and v—

. * ‘
respectively.
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A body attached to a parachute is released from an aeroplane which is n noving hor-
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izontally with velocity vg. The parachute exerts a drag opposing motion which i
times the weight of the body , where k is a constant. Neglecting the air resistance tc
the motion of the body, prove that if v is the velocity of the body when its path is

inclined an angle ¢ to the horizontal, then

Vg Sec v

1 ==

(secv) + tan )k

Prove that if & = 1, the body cannot have a vertical component of velocity greater

than Yo )
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A rocket is fired upwards. Matter is ejected with constant relative velocity ¢T, at a
2M " e g .

constant rate —. Initially the mass of the rocket is 204, half of this is available for
Fd

ejection. Neglecting air resistance and variation in gravitational attraction, show that

M and this speed is
/ 1\
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g¥ [In2 - = i '
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Show also that the rocket will reach the greatest height given by
,
— gT*{1 -1n2)?
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