March 18, 2003

PHY 114 — Second exam — Solutions

i. According to the right hand rule, the force is initially vertically upward in the
plane of the page and has the magnitude
F=qB=16x10""-1x10-2=32x 10713 N.

ii. The particle will have a circular trajectory with radius

mv
= — = 0.0053 m. 1
r B m (1)
i. The force is pointing into the page of the paper and has the magnitude
F =quBsinf =1.6 x 10711 x 10° - 2sin(20°) = 1.09 x 10 1* N.
ii. The particle will have a helical trajectory, with a constant velocity of
vecosf = 0.64 x 10° m/s along the field direction and projected helical radius of

r= % sin @ = 0.0018 m. 2)

S~ -7 It was intended that the problem could be

solved using the long wire approximation. In fact, since wire lengths are comparable to their
separation, there would be “fringing” effects. The solution below assumes that the wires are
much longer than 0.5 m. The length of the wire comes in explicitly only in calculating the
force.

(a)

We can use Ampere’s law to make the construction shown above.

I I
B= 5—0 (2(—§c) + 2 (cos 0% + sin 03[‘)) : (3)
m

T2 T3

where § = tan"!a/b = 63.435°, ro = b = 0.2 m, and r3 = v/a? + b2 = 0.4472 m.
B = (—1.4% + 1.2§) x 107° T.



(b) The force will be pointing in the page and perpendicular to the magnetic field
direction. Noting that the current is in the z direction and that z x X = ¥ and
zZ X ¥y = —X, we have

F=1LzxB=(-14y —1.2%) x 107°N. (4)

3. (a) When the magnetic field is constant there is no electric field and therefore there is no
force on the charge.

(b) In the time interval 0 < ¢ < 7, there is a changing flux

Tl mR* = —18.3783T - m*/s. (5)
i. According to Faraday’s law
Pp
E-ds=——.
?{ T T (6)
d®p 18.3783
E . 2 = —— E — — 4.]_ N .
r 7 |E| Y 7857TN/C (7)

The direction of the field will be horizontally to the left in the page of the diagram.
ii. F'=qFE =8.36 x 1073 N, horizontally to the left.

(c) For t > 7 the force is zero.

4. (a)
Et) = —Ndzf - —NdBAZ(ZS(Wt) — NBAwsin(wt) = 2964V sin(380t).  (8)

(b)
I(t) = % — 4234.286 A sin(380%). 9)

(c) The current loop has a magnetic moment y = NTA = 25405.8 Am? sin(380t). The
torque due to this moment is 7 = p x B.

7 = 33030 sin*(380t) Nm. (10)

(d) It opposes the generator torque.

5. (a) Ir=Ir=E/R=30A.
i. w=1/vLC =40 rad/s.

11.

1 1
U= 5LI2 = §6.25(30)2 = 2812.5J. (11)
iii. The solution of the differential equation for the charge ¢(t) is q(t) = Qo sin(wt).
Initially,
dq
1(0) = “1| = wQo = 30A. (12)
dt |,

Therefore Qg = 30/40C = 0.75C and V0, = Qo/C = 7500 V.



dl ¢
—RI-L— — = = 0.
R o C,%—E 0
(b) .
I(t) = mZa:I: cos(wt — ).

In our case, Z = 1/(100)2 + (700 - 0.006 — 1/(700 - 1 x 10-5)) = 170.9612
¢ = tan™! (700 - 0.006 — 1/(700 - 1 x 1075)) /100 = —0.94598 rad.

I(t) = 1.7548 A cos(700t + 0.94598).

1.7548A

)=
a(t) 700rad/s

sin(700t + 0.94598) = 0.002507C sin (700t + 0.94598).



