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Problem 1.

In an experiment carried out by S. C. Collins between 1955 and 1958, a current was maintained in a superconducting
lead ring for 2.50 yr with no observed loss. If the inductance of the ring was 3.14 x 10" H, and the sensitivity of the
experiment was 1 part in 10°, what was the maximum resistance of the ring? (Suggestion: Treat this as a decaying
current in an RL circuit.)
Solution
For an RL circuit,
R R
=1.¢": = 1O_ 1—§z ~1-10"(given). (1.1)
max
In eq.1.1 we use the first two terms after decomposition of the exponential function into series.
Besides, we assume that the decrease in current might be not more than the given sensitivity (10”).

R -
The last relationship of eq.1.1 gives that 7 t=10"" S0,

(314 - 10_8)(10_9) 397x107%° Q

m ax

B (250 yr)(3.16>< 10 s/yr) B

If the ring were of purest copper (not superconducting), of diameter 1 cm, and cross-sectional area

of a wire Lmm 2, its resistance would be at least 10°° Q.

Problem 2.
A diode is a device that allows current to be carried in only one direction (the direction indicated by the arrowhead in its
circuit symbol). Find in terms of AV and R the average power delivered to the diode circuit of Figure 2.1.

Solution
In our solution we will consider a conventionally accepted direction of current from a positive
terminal to a negative one. For an alternating current source, the given value AV = AV s 1s the root-

mean square of the applied voltage. For sinusoidal current AV;ms = AVax / J2
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One-half of the time, the left side of the generator is positive, the top diode conducts, and the
bottom diode switches off. The equivalent resistance is given by

1 2 .
1 1 (AVm s) Diode
—+—| =R g ——— i
[ SR oR } and the power is R . > n,{\;q“
The other half of the time the right side of the generator is i §
positive, the upper diode is an open circuit, and the lower 1 R
diode has almost zero resistance. The equivalent resistance Wy /l‘
is then given by Diode
o (~2)
. __R+{ 1-+1} _ 7R N
= 3R R 4 Al
, (AVm S)Z 4(AVm S)Z Fig.2.1
and power is - R = TR .

&q
The average power during one period of current oscillation may be calculated as follows:
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Problem 3.

A plane electromagnetic wave has an intensity of 750 W/m”. A flat, rectangular surface of dimensions 50 cm x 100 cm
is placed perpendicular to the direction of the wave. The surface absorbs half of the energy and reflects half. Calculate
(a) the total energy absorbed by the surface in 1.00 min and

(b) the momentum absorbed in this time.

Solution
Let us denote the intensity as /, the surface area as A, and the time of interaction as z.
(a) The total energy E, absorbed by the surface is

E:ibﬁ:inwwmﬁmwmmomﬁmmm=IMkL

(b) The total energy incident on the surface in this time is 2F = 22.5 kJ, with £ = 11.3 kJ being
absorbed and £ = 11.3 kJ being reflected. For electromagnetic wave or for a quantum of
electromagnetic radiation — a photon - the relationship between energy £ and momentum p is
given by: E = pc, where c is speed of light. The reflected wave changes the momentum of the
surface by twice as large value as the momentum of the incident wave (remember the ball
elastically bouncing from the wall). The absorbed wave changes the momentum of the surface
by the value of the initial momentum of the wave.

The total momentum py,, transferred to the surface, is given by:
Proal = (momentum from reflection) + (momentum from absorption), or

3
2B E B _3XL3XI0 s 0kg - s

c c c 3x10®

p total

Problem 4.

Two circuits like the one shown in Figure 4.1 are identical except for the value of L. In the circuit A the inductance of
the inductor is L, and in the circuit B it is Lg. The change of current in any RL-circuit is characterized by the time
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constant r = L/R. The time constant equals the time interval for the decreasing current to drop by the factor of e (the
base of the natural logarithm) and equals the time interval for the increasing current to reach (1 — ¢) = 0.632 of its
maximum value. A switch S is designed so that it is never open, which would cause the current to stop. The switch is
thrown to position a at = 0. At ¢ = 10 s, the switch is thrown to position b. The resulting currents for the two circuits
are as graphed in the Figure 4.2. Assuming that the time constant z of each circuit is much less than 10 s, estimate
roughly the relationship between L, and Lg?
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Fig4.1 Solution
Figure 4.2 shows that circuit B has the greater time constant because in this circuit it takes longer
for the current to reach its maximum value and then longer for this current to decrease to zero. The
given equation for a time constant ¢ = L / R indicates that, for equal resistances R5 and Rg, the
condition 15 > 1o means that Lg > La. In general, the inductance is a measure of “inertia” of the
circuit. The greater the inertia (inductance), the slower the current may be changed.

Problem 5.

A first-year university student performs an experiment
with photoelectric effect. He uses an experiment

device, sketched in Figure 5.1. The cathode C is
illuminated by the beam of light (the beam of photons)

and emits electrons with the maximum kinetic energy
at the surface of the cathode K. The relationship

among the frequency of photons f, the value of K,
and the work function ¢ of the metal of the cathode

(the work done on the electron to bring it out of the
surface with zero kinetic energy) is give by the
Einstein’s equation for the photoelectric effect:

hf = Kyax + @, (5.1)

where £ is Planck’s constant.

The potential difference between the cathode and the
anode A may very.

The student connects the negative terminal of the power supply to the anode and tries to “stop” electrons by increasing
the applied voltage. The student measured current and voltage in the external circuit as shown. For each wavelength of
the incident beam of photons the student finds such potential difference -4V that the current / becomes zero. This
threshold value is called the stopping potential. The following table shows data obtained by the student in the
experiment.

Wavelength of the light, nm | Stopping potential, V
588 0.67
505 0.98
445 1.35
399 1.63
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Using these data, determine
(a) an experimental value for Planck’s constant (in joule-seconds) and
(b) the work function (in electron volts) for the surface.

Solution 5
Upon the definition of the stopping potential, the work e4V done
by the applied electric field is spent to zero the initial kinetic L
energy of electrons, or edV = K,,,.. If we calculate this work in (eV)
electron volts, its value will be numerically equal to the stopping 1k
potential in volts. Now, we can recalculate the given tabulated
data in terms of frequency and maximum Kkinetic energy of L
electrons.

max

A,nm  £,10"% Hz Ky ax 1€V 0 : :
588 510 067
505 5.94 0.98 I
445 6.74 135 1L
399 7.52 1.63
As aresult, we can plot K.y versus f(Fig. 5.1). 0 200 400 600 800
(a) According to eq. 5.1, the slope must give Planck’s constant. f, THz
The slope may be determined approximately by averaging the Fig. 5.1

three slopes, obtained from the table. On the other hand, the
slope may be found for the given four plots in fitting procedure
applying the least square method to a straight line:

4%(x,y,)-2xZy, 5.22x10"

. L= 5 =4.015x10"eV -5 =6.4x107J -5
42x; —(Zx,) 1.30x10

slope =

Frequencies are the x-values, and kinetic energies are the y-values.

The difference between the obtained value and the value from a handbook (6.6x107J s) is about
3%.

(b) Equation 5.1 permits to find the work function ¢ as a line and a vertical axis intersection. The
least square method gives the following formula to calculate this value:

b= Slopexixl. -2y, C12eV

The obtained value is too small to be a work function of a pure monometallic surface. However, the
value may belong to an oxide or a thin film of one substance on the surface of the other one.

Page 4 of 4



