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1 The electric potential between the electrodes of a vacuum tube diode is given by V(x) = cx®,
where X is the distance from the cathode and C is a constant. Assume that the distance between
the cathode and anode is 13.0 mm and the potential difference between electrodes is 240V (a)
Determine the value of C. (10%) (b) Obtain a formula for the electric field between the
electrodes as a function of x. (10%)

2 A source with emf & and internal resistance r is connected to an external circuit. (a) Show
that the power output of the source is maximum when the current in the circuit is one-half the
short-circuit current of the source. (10%) (b) If the external circuit consists of a resistance R,
show that the power output is maximum when R = r and that the maximum power is &/4r.
(10%)

3 An electron follows a helical path in a uniform magnetic field given by B = (20i - 50j - 30k)
mT. At time t = 0, the electron’s velocity is given by v = (20i - 30j + 50K) m/s. (a) What is the

angle ¢ between v and B ? What is the (b) radius, (c) pitch(22E) of the helical path? (20%)

4 _RERENAE  EERDRS L KR L BB M, 3:E

SHABHE 2 SUELR (20%)

Incident light

5 HFEANY—Um P - Dol o BN [ - U 600nm HYYEEE
H A B - IR BT B B 9 FREFEURT 8 fFR5e4L - 40 l l l l l
SRARAE A 57 B A RE B P 0 600nm > JEEF EAR B & 2%

[FREEEL? (20%)



1 Sol:
(@) v=cx*?
C =V/Ix*® =240 V/(13.0x10~° m)*® =7.85x10* Vim*/®

(b) E, = —% = _%CX:U3 — _(1'05><105 V/m4/3)X]J3

The minus sign means that E, is in the —x-direction, which says that E points from the

positive anode toward the negative cathode.

2 Sol:
@ P=el—-1%r, so Z—T—g 2Ir=0 for maximum power output and Ip yuy = ;é—; short circuit-
(b) For the maximum power output of part (a), |:%:%% r+R=2r and R=r.
+
2 2
Then, P=|2R:(ﬁj r=%
2r 4r
3 Sol:

(a) v-B=vBcos¢, a=¢ = cos ' (2/19) = 84°.
(b) We find v, =vsin ¢=61.3m/s,sor=mv, /eB=5.7 nm.
(c) vy =vcos ¢=6.5m/s,sop=2mmv,/eB =40.7 nm.

4 Sol:
di di di di
L 1 +L 2 +M _1+ 2 _
g g TMarg Mz Leq dt
di _di diy
i=h+i,=>—=—+ and M, =M,, =M,
But L= T 12 21

50 (L1+L2+2M)%=Leq% and Leg=L+L,+2M.

5 Sol:
By the condition mA = 2y where y is the thickness of the air-film between the plates

directly underneath the middle of a dark band), the edge of the plates (the edge where they
are not touching) are y = 81/2 = 2400 nm apart (where we have assumed that the middle of
the ninth dark band is at the edge). Increasing that to y'= 3000 nm would correspond to m'
= 2y'/k = 10 (counted as the eleventh dark band, since the first one corresponds to m = 0).

There are thus 11 dark fringes along the top plate.



