PHY 212 General Physics II - Electricity, Magnetism and Light
Summer 2007

Exam 2 Monday, July 30

Name: WORKED O0OT coeyY

Some useful constants:

Charge of an electron, e= 1.6021 x 1071 C
Mass of an electron, m, = 9.11 x 1073 kg
Mass of a proton, m, = 1.67 x 10=%" kg

€ = 8.854 x 1072 C?/N m?

po=47x 107" Tm /A

1. (2 points) Two 2 F capacitors are connected as shown. What is the capacitance

of the combination? A
(a) 4 F Ceq eF arf
(b) 3F | | | | =
(c) 2 F |1 e
(d) 1 F v~ 2F 2aF S Ceq=1F

. (2 points) A positively charged particle with velocity ¥ = +v 1 enters a magnetic
field B = +B k. The magnetic force F is: (v >0, B > 0 and F > 0)

% TFij/ F=q(Tx8) = qvB (+xk) = qVBE 1)
(c)+Fk =-F3
(d)-Fi

. (2 points) Motion of a charged particle under the action of a magnetic field alone
is always motion with constant

(a) displacement

(b) speed v~

(c) acceleration

(d) velocity

. (2 points) Charged partices pass through a velocity selector without being de-
flected by the fields when the speed

(a) v=FE/BV~
(b) v=B/E
(c)v=2E/B
(d) v= B/2E



5. (12 points) Human Cells. Some cell walls in the human body have a layer
of negative charge on the inside surface and a layer of positive charge of equal
magnitude on the outside surface. Suppose that the surface charge densities
are £ 0.50 x 10® C/m?, the cell wall is 5.0 x 107° m thick, and the cell wall
material has a dielectric constant K = 5.4. (i) Find the magnitude of E in the
wall between the two charge layers. (ii) Find the potential difference between the
inside and outside of the cell. Which is at higher potential? (iii) A typical cell
in the human body has volume 107'® m3. Estimate the total electric field energy
stored in the wall of a cell of this size. (Hént : Assume that the cell is spherical,
and calculate the volume of the cell wall.)
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WME= - = o5xi6" "c/m? _ (xi0  V/m
Keo (5"4') eo
(N V=Ed =(0x10°Vm)(50ox10 Ym) =06. os2V.
The outside (s at the h(ﬂheﬂr potential.
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(it) volume = io m> = R= 2.3 %10 © m
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= .36 x (0757



6. (5 points) A metallic wire has a diameter of 4.12 mm. When the current in the
wire is 8.00 A, the drift velocity is 5.40 x 107° m/s. What is the density of free

electrons in the metal?
The cyoss-scoctional asea of the <ire (s
A=1T¥2=T(206X10m)> = 133 x5~ 5m?2

The <cwvvent oﬂe_nsbtﬁ s
J=T/A = B00R[1.333 x107°M* = G.0OX 167 A/m>

We have Vy = d/ne

Y
n— - . 00X 07 A/m>

L —id
vae  (suxiom®mis) (160X 10

C /GL&‘:C{:\'OH)

= &6.94% x coa? electyons /m3



7. (6 points) When switch S in Fig.1 is open, the voltmeter V of the battery reads
3.08 V. When the switch is closed, the voltmeter reading drops to 2.97 V, and
the ammeter A reads 1.65 A. Find the emf, the internal resistance of the battery,
and the circuit resistance R. Assume that the two meters are ideal, so they don’t

affect the circuit.

When there s no cavrent P,
£loasing, the vo rEmeter o
readc’nﬂ s stmply “‘be emf of ‘ LAAVV, ]l=
the battevy ! E =308V

The voltage over +the dotevnal '——g—’W\’\'—@—

yesistanace (S

V¢= 308V 297V
1%
=0 IV = v= —\:—L/_— = <oy =0. 067 s2

Ve = 2.97V = (1.65A/)R

U R: e.97
. &5 A

= (-5 2




8. (6 points) A battery-powered global positioning system (GPS) receiver operating
on 9.0 V draws a current of 0.13 A. How much electric energy does it consume
during 1% h?

W=P+t=IVt=(0.i3a)@Q)(1L5)(3600s)

= <3is J.



9. (10 points) Four resistors and a battery of negligible internal resistance are as-
sembled to make the circuit in Fig.2. Find (i) the equivalent resistance of the
network; (ii) the current in each resistor.

Rl=3-5ﬂ
(WThe —thwyee vesistors |+ p
2
R2,Rs ctne| Ry awe in 65 I T
povallel, so
i F;'g.a

R = (_L_ B S T W
a34 Re ' ®s ' Rm

|
(
= (4= + 4= 4+ — =6.,99 52
F.2s> .52 H 52

= Reizﬁw Razg = 3.5 52+ .49 2 = H 49 0

B (“) I.: __g__ = 6'0\/ = f.31'i'ﬁ —_ \/‘ :—‘I|R( = (13*9)[3’5&)
R U 49 52
“1 =4 69V

=> VRZJQ-: T Rese =Q.3%ﬂ)(o.qq_sz.)=c.33v

>Rg T.= Veest - 133V — 0.iczA
Ro., F. 0 <2

Ta= VR _ 033V _ 5 557 A
Rs 150 o

Tu= Vease _ .33V _ 4 29¢ A,
Ry 45 o



10. (8 points) In an experiment with cosmics rays, a vertical beam of particles that
have charge of magnitude 3e and mass 12 times the proton mass (m,) enters
a uniform horizontal magnetic field of 0.250 T and is bent in a semicircle of
diameter 95.0 cm as shown in Fig. 3. (i) Find the speed of the particles and the
sign of their charge. (ii) How does the speed of the particels as they enter the
field compare to their speed as they exit the field?

() R= f_n_é‘.’_
V= ks B8R =z (t6x lo’lq)(o.?.s)x.(a:f) .
- i’r’ﬂ'— - 2 (le7x10727)

= 2.83Fx10° mM/5

r:iﬂ,3.
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— e o safel
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11. (5 points) In Fig.4, a wire carrying current into the plane of the figure is between
the north and south poles of two bar magnets. What is the direction of the force
exerted by the magnets on the wire?

1
S N X S N

F=11xB

Bebween The poles of the Fig. 4
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