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PHYS2100 Problem Sheet 2
Semester 2, 2006
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1. Let P be a fixed point on the rim of a wheel \ﬁ’ '
of radius a. Suppose the wheel rolls along
the positive z-axis and that P is initially
at the origin. When the wheel rolls a given
distance to point P rotates through a certain }
angle @ as shown. 7

(i) Show that the curve traced out by the point P is described by the parametric
equations ‘ :

z =af — asind, y=a— acosf.

(ii) Hence find the length of arc of the curve (called a cycloid) between 6 = 0 and
0 =Z. [ Hint: Use [i| dt = |%|% dt = |%| db.]

(iii) Given that the wheel rotates with a constant angular velocity 6 = w, find the
velocity and acceleration vectors of the point P.

2. A particle of charge ¢ moving through a magnetic field B experiences the force

¥

F=¢Bxv)
where v is the velocity of the particle. Show that:

(i) This force does no work in moving the particle along its path from ¢ = 0 to
t="T.

(i) The speed v(t) = |v(¢)] of the particle is constant in time.
3. Find the work done by the force
1 .. 4

F = i
(m7y) ’xQ +y21+$2+y2J

acting on a particle that moves along each of the curves y given below:

(i) (z,y) = (2cost,2sint), 0<t< 7.

(W) (z,9)=(,2t), 1<t<2

[ @), 1<t<2,
(i) (z,9) ‘{ 2v/2(cos(5t),sin(§t)), 2<t< 4.

4. A rocket ship of mass m is launched vertically from the Earth’s surface with velocity
1p. Show that:
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(i) The energy E of the rocket must satisfy B > —mga where a is the radius of
the earth and g the acceleration due to gravity.

(ii) The velocity v(t) is a monotonically decreasing function of time.
(iii) The maximum height h reached by the rocket is given by

av}

h=2ga—'v§

provided its energy F is strictly negative.

A non-linear oscﬂla,tor consisting of a mass on a spring has a potential energy of
the form 1kz® — 3aa: where k and o are positive constants. Sketch the graph of
the potentlal as a function of the displacement z. Using conservation of energy,
show that the motion is oscillatory if the initial position z¢ satisfies 0 < zo < £ and
the initial velocity is small enough. Show that the initial velocity vy must satlsfy
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A simple pendulum of length [ is made to oscillate by giving it a velocity v when it is
at the bottom (equilibrium) point. How high will it swing? Under what conditions
will it never come to rest?

(i) In polar coordinates

z=rcosd, y=rsinf, r=+22+79y?

show that the velocity and acceleration vectors of a particle moving in the z—y
plane are given respectively by

t=rf+700, T=(F—rfi+ (276 +70)0
where £ = cos 61 + sin 6] is the unit vector in the direction of the particle and
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(ii) Deduce that
s a .
t-0= 0, 'd—0 =
where k is the unit vector in the z-direction.

(iii) Determine the kinetic energy T' and angular momentum vector L of the particle
in polar coordinates.
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A projectile is fired from the earth’s surface with a velocity vy at an angle o to the
horizontal. Solve the equation of motion in the Galilean approximation and show
that the path of the projectile is a parabola. Determine the horizontal distance
travelled by the projectile. At what angle should the projectile be fired in order to
maximise this horizontal range?



