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Electric constant &, =8.85x1072C? /(N : mz)

Magnetic constant g, =4z x107 N/ A* =126x10°H /m

Plank constant 2=6.63x10"*J-5s=4.14x10eV -5

Neutron mass m, =1.675x107 kg

1. Derive an expression for the work required by an external agent to put the four
charges together as indicated in the figure below. Each side of the square has
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2. In the laboratory we produce magnetic fields using current-carrying wires rather
than the motion of individual charges. To describe the magnetic field due to a
current, we have the Biot-Savart law:

idsxr

3

dB =0
4 r

Consider the circuit of the figure below. The curved segments are arcs of circles of
radii a and b-.The straight segments are along the radii. Find the magnetic field at
P, assuming a current 7 in the circuit. (15%)




3. (a) We can write the electric and magnetic fields in the usual mathematical form of
a sinusoidal traveling wave:

E(x,t)= E,, sin(kc - ax), B(x,?)= B,, sin (kx - ot)
From Faraday’ s law, we have
o __oB

Ox ot
Find the ratio of the amplitudes of the electric to the magnetic components of the



wave. (b) A vector called the Poynting vector is defined by

S=LExE .
Hq
Please explain what this vector means. Note that it is a vector. (c) A radio station
radiates a sinusoidal wave with an average total power of 50 kW. Assuming it radiates
equally in all directions (which is unlikely in real-world situations), find the
amplitudes of the electric and the magnetic components of the wave at a distance of
100 km from the antenna. (2%+4%+9%)



4.(a) Find the speed and the kinetic energy of a neutron having a de Broglie
wavelength of 0.1 nm, typical of atomic spacing in crystals. (b) Label as true or false
these statements involving the quantum numbers n, /, m;. If a statement is false, write
the correct one. (1) The values of m; that are allowed depend only on / and not on n. (2)
The n=4 shell contains four subshells. (3) The smallest value of » that can go with a
given / is I+1. (4) All states with /=0 also have m=0, regardless of the value of n. (5)
Every shell contains » subshells. (6) One of these subshells cannot exist: n=2, /=1;
r=4, I=3, n=3, 52, n=1, I=1. (c) For a hydrogen atom with /=1, the measured value of

L, is 0. Find the possible values L, canhave. (6%+2%x6+2%)

z

5. Consider a grating with N slits, where the slit width a is assumed to be much
smaller than the light wavelength. (a) Derive the intensity expression for the
diffracted lights on the screen that is assumed far way from the grating. (b) Find the
positions of the principal maxima of the diffraction pattern.  (15%+5%)



"To solve this, you can use th

6. You are required to solve one of the following two problems. Surely you could
solve both, but no extra marks will be given.

(1). (a) As shown in the figure below, at the bottom of a pool with water (n=4/3) 2.00
m deep, light rays emit upward in all directions. A circular area of light is formed at
the surface of the water. Determine the radius R of the light circle. (b) Show that the
light rays close to the norial appear to come from a point (2.00 /#=1.5) m below the
surface. (¢) Suppose there is a camera that can take photos in the water. Now it is
exactly beside the luminous body in question (a) at the bottom of the pool. A big
mirror, whose surface parallel with the surface of the pool water, is directly over the
pool surface by 4 m. The object of the camera is to take a photo of the image of the
luminous boby formed by the mirror. Find how far away it will appear to the camera.
ult of questi ). (6%+5%+4%)

(2). By making clever use of the correspondence principle, Bohr calculated that the
energies of the orbital quantum states of a hydrogen atom are given by

__ me' 1
" 8gln’ nt’
where m is the electron mass, e is the elementary charge, A is the Plank constant
and n is a quantum number. (a) A neutral helium atom has two electrons. Suppose

one of them is removed, leaving the helium ion He™. This ion, with its single

electron, resembles the hydrogen atom, except that its nuclear charge is +2e rather
than +e. Find the wavelength of the photon emitted when the electron makes a
transition from the orbit n=35 to the orbit n=2. (b) The shell with » =1 is called
the K shell, that with #=2 the L shell, that with #=3 the M shell and that with #n=4 the
N shell. If an electron falls from the L shell and moves in to fill a hole in the K shell,

we have the K, line; if it falls from the A shell, we have K 5 line. If an electron
falls from theM shell to a hole in the L shell, we have the L, line; if it falls from the
N shell, we have L, line. Let A, and Az represent the wavelengths of the K,

and K, x-rays of an element. Show that the Bohr theory gives

i@_:k(Z_l)z
A, Z'-9




and find the numerical value of % . (c) Find the similar result for the relation between

L, and L, x-rays. (6%+5%+4%)
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1 There are six interaction terms , one for every charge pair, number the charges
clockwise from the upper left hand corner, then

Uiy =G T BTEGOL .ottt 2
Uy = G TATEN et 2
Uy =G TATEGO oo b
Ugy =G ATEG o 2
u,=q°/4ne, (\/Ea) .................................................................. 2.5

T L R G 1) NS X.

2
add these terms and get u = q 4+ V2 ) e P
4re
the amount of work required IS W=/ ........cooiiiiiiiiiiiii e, 2’

2 There are four current segments that could contribute to the magnetic field . the straight
segments , however , contribute nothing because the straight segments carry currents either
directly toward or directly away from the point P that leaves the two rounded segments. Each

—

contributionto B can be found by :

B yoidgx;

4y’
i frd@
47 r
/’JOZH 67
4y
The contribution to B from the top arc is : %Q ............................................... 2’
wa

The direction is into the page .




- ,i0 o
There is also a contribution from the above arc : MY 2’ the direction is out of

the page .
9 0
The net magnetic field at Pisthen: B=B+B, = EolZ BT, 2
4ra 4rnb
The direction is out 0f the PAZE . «euvnreiiie i 1’
3. (a)
9 _ 98
Ox ot
o . o .
E, —sin(kx - ot) = ~B,, —sin(kx - wt)
ox ot
E m k = B m O I
E, o
—_—=—=C 1’
Bk
(b)

The magnitude of the Poynting vector is the magnitude of the energy flow of the
electromagnetic wave, it means the electromagnetic power per unit area in the space.
3>
The direction of the vector means where the energy of the wave is propogating.
1’
It is also a function of the time, which means it varies with the time. We more

often than not pay attention to its average value.

(c).

First We consider the magnitude of the Poynting vector. We surround the
antenna with an imaginary sphere of radius 100km. This sphere has area
A=47R* =12.6x10""m’
All the power radiated passes through this surface , so the power per unit area is

S=£—=3.98><1o-’mr/-m'2 2’

o _ From the result of (a), one has
5 = LnBu _ E,
21, 2U,cC

ay
E, =+2u,cS., 1.5"

=1.73x102N/C 0.5°

3’

SO

B,=E,lc 1.5°




=5.77x107'T 0.5°

* -34 .
sy v=ao 8OO IS gt 3
Am  (0.1¥107 m)(1.675*107" kg)
K =%mz)2 =%(1.675*10‘27kg)(3.96*103m-s‘l)2 =1.31*%10" j = 0.0818¢V
....................... 3
(2) All of the sixX Statements are true ...........oeeviiiiviiiniinierne. 2°X6
h
) L S e e I’
) L=
Ly = = e 3
o 2r

5. (a). For every slit, the magnitude of the phasor is

E = Eoei(k’7_wt) where i=1,2,3,.... 4
Then the total magnitude is

E= ZEz _ Eoeimtzeikri

— Eoel(kr, mt)[l+elkd51n6 +e2lkdsm(9 +e31kdsm6’ +'”+el ( Ysin J

ikdNsin@ __ 1

_ i(kr, —at) € °
- EOe ikd sin @ S
e -1
lde sin @ ,_de sin @ —ide sin @
2 2 2
=E ei(kr,—a)l) e . € —€ 39
0 Kd sin & Kdsin @ _kdsing
e ? e 2 -—e 2
So the intensity reads
JdNsing  kdNsin© _dNsin@ 2
2 ) 2
I=1] e,-(k,i_a,,)e .e —e
m Jdsin 6 kdsin6 _kdsin@
e 2 e 2 —g 2
. 2
. kdNsing
sin————
=7 | 2 3’
" . kdsin@
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2

(b). A principal maximam lies around the center where



sin kd sin 6 =0 and hence sin@Sl—ng =0 4’

which gives

dsin@=mA m=0z+1%2,... 1’

6.
(1). (a).The circular area is formed by rays refracted into the air. The angle 6, must

be the critical angle, because total internal reflection, and hence no refraction, occurs
when the angle of incidence in the water is greater than the critical angle. We have,

then

. 1
sin 8, = —— 2
4/3
R=(2.00m)tan 8, ~2.27m 4

(b). When the light rays are close to the normal, the incident and refraction angle are
both small, which validates the following relation

0 ~sin@ ~tan@ 2°

when we draw a simple figure to show the relation between the incident and refracted
ray and the angles, it is easy to find

E__ tan @, _ sin@.

= initial ~ initial — 1 / n 23
h tan Hrefracted sin erefracled
which gives
h'=2.00/n=1.50m 1’
Also, when one assumes that the surface of the pool water is a mirror with
F —> +00
one can again get the correct result by applying the equation
n 1
—+-=0
h i

full marks should be given,

(c). There are three times the image of the luminous body are formed. The first is
when the light rays for the first time go through the surface of the pool water, the
second time is the rays will be reflacted by the mirror, after these two courses, the
image of the body now seems standing at the distance

2.00
(~+4)+4=9.5m 1’
n .

away from the surface of the water. Now for the second time the light rays go through
the water surface, opposite to the course of problem (b), the image will be formed



then one gets

O R (S N

I 2eR?\ 3% 2

he  met [(2—27)2 (2—9)2]

1, & 4 2

Ly 20(z -9)

I, 9(3Z% -18Z - 405)
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