Physics 1

ISTI B.Math
HW set 1
1. Explain Mewtons First Hokkd Foob MaG. GRuG -
Law of Motion in your Y Pubbaup Zitk wattoom 1\
Own words . GQIORK. CHUMBLE Spuzz. LOOPHOLES.

1. A bee flies on a trajectory such that its polar coordinates at time t are given by r = %(27’—7&), 0=
%, (0 <t <27), where b and 7 are positive constants. Find the velocity vector of the bee at time ¢.
Show that the least speed achieved by the bee is 2. Find the acceleration of the bee at this instant.
(10)

2. The luckless Daniel (D) is thrown into a circular arena of radius a containing a lion (L). Initially
the lion is at the centre (O) of the arena while Daniel is at the perimeter. Daniel’s strategy is to run
with his maximum speed u around the perimeter. The lion responds by running at his maximum
speed U is such a way that it remains on the (moving) radius OD. Show that r, the distance of L
from O, satisfies the differential equation
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find r as a function of t. If U > wu, show that Daniel will be caught, and find out how long this will
take. Show that the path taken by the lion is an arc of a circle. For the special case in which u = U
sketch the path taken by the lion and find the point of capture. (15)

3. Consider a particle of mass m whose motion starts from rest in a constant gravitational field. If
a resisting force proportional to the square of the velocity (i.e, kmv?) is encountered, show that the
distance s the particle falls in accelerating from vg to vy is given by
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(10)

4. A beach ball is thrown upward with initial speed vg. Assume that the drag force from the air
is Flj = —maw. Show that the speed of the ball vy, right before it hits the ground is given by the
implicit equation
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Does the ball spend more time or less time in the air than it would if it were thrown in vacuum ? (10)

5. The force on a particle of charge ¢ and mass m moving with a velocity v in an electric field E
and magnetic field B is given by
F=gqE+¢qvxB



(a) Choose the z-axis to lie in the direction of B and let the plane containing E and B be the yz
plane. Thus B = Bk and E = E,j + E .k

Show that the z component of the motion is given by
. qkb. 2
t) = t+ —t
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where z(0) = 29 and 2(0) = %

(b) Continue the calculation and obtain expressions for #(¢) and y(¢). Show that the time averages
of these velocity components are
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(c) Integrate the velocity equations found in (c) and show , ( with the initial conditions x(0) =
A 5(0) = Z2,y(0) = 0,5(0) = A, w. = 22) that
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These are parametric equations of a trochoid.(15)



