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1 Trajectory of a ball
A ball is thrown from a point A at an angle 0. The initial velocity of the ball is vg, and the ball touches the
ground at a point B. Consider the trajectory of this ball in 2-dimentional space. The resistance of the air is
ignored.
1. Consider the force acting on the ball, and show the equations of motion. Describe your choice of the
coordinate axes and the origin of the time. (10 points)

2. Integrate the equations of motion, and derive the position of the ball as a function of time. (10 points)
3. Derive the maximum height of the ball. (5 points)

4. What is the distance AB? (5 points)
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2  Snell’s law

Consider the refraction of light. The light travels from the medium of refractive index n; into the medium

of refractive index na.
The optical path length w can be calculated by

w = /nds, (1)

where 7 is the refractive index of the medium and ds is the distance that the light travels:
Consider the optical path length of AB + B C, and choose the route that minimizes the optical path

length. Then, show Snell’s law .
7y sin 01 = nasinly, (2)

where 0, is the angle of incidence and 0 is the angle of refraction. (10 points)

A

medium 1
n'

angle of incidence \_A B

medium 2

angle of refraction i 1—1'2

‘ ' 3 Young’s double-slit experiment

The figure shows the configuration of Young’s double-slit experiment. Bright and dark bands are observed

on the screen.
1. Describe why we see bright and dark bands. (10 points) - “ l
2. Calculate the locations of bright and da,ﬂ{ bands. Mention clearly the coordinate you choose. (10 -

points)
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4 Propertics of ideal gas

1. Consider a box of the size L x L x L filled with gas. The macroscopic pressure of the gas can be
understood by the sum of momentum changes of gas particles when they hit the internal wall of the
box. A particle with mass m,, is flying with the velocity v. What is the amount of the momentum
given o the wall by a single collision of a gas particle to the wall? Assume the elastic collision from
the normal divection. (5 points)

o

There are N particles in total in the box, and the mean velocity-of gas particles is 7. Show that the
pressure of the gas P can be expressed as

=92
Nm,v*

, 3
3 J ( )
where 1V is the volume of the box. (5 points)

3. The molar specific heat at constant pressure Cp is defined as

nCp = <%§:> R (4)

where @ is the net encrgy translered to the system, T is the temperature, and n is the number of
moles. The molar specific heat at constant volume Cyv is defined as

Q)
'Ile = (dT) y . (5)

Use the lirst law of thermodynamics and the equation of state fo derive Mayer’s relation

Cp—Cy =R, (6)

where R is the gas constant. Note that the internal energy of ideal gas depends only on the temperature.
(10 points)

4. Tor adiabatic processes, show the relation
PV? = constant, (7

O
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where v =

5 Electric dipole

The electrostatic potential ¢ by a point charge ¢ at a distance r can be expressed as

q .
b=—1_. (8)
dmegr
Consider two clectric point charges apart a distance d on z-axis. Electric charges of these two are -+q and
—q, respectively. Show that the electrostatic potential due to this dipole at a position P is

q dcos0

¢ = ) (9)
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where 1 is OP distance and 0 is the angle between z-axis and OP. Assume » > d. (10 points)
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