PHY132H1F
Term Test 2 —version 1
Tuesday, November 16, 2010 Duration: 80 minutes

SOLUTIONS

Possibly helpful information for this test:
Coulomb’s constant is K = 8.99 x 10° N m?*/C? Fundamental unit of charge e = 1.60 x 107" C

dx
sin(x)dx = —cos(x) —_ = ln(x Vx4 az)
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1. A finite rod of length L has total charge g, distributed uniformly along its length. The rod lies on the
x-axis and is centered at the origin. Thus one endpoint is located at (—L/2, 0), and the other is located
at (L/2, 0). Define the electric potential to be zero at an infinite distance away from the rod. What is
Va, the electric potential at point A (see the figure), located a distance d above the midpoint of the
rod on the y-axis? [Note that in the expressions below, X is the Coulomb constant, and In(x) is the

natural logarithm of x.] CaAsr W % “J‘ axhia)
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2. According to Wikipedia, “In the field of cell biology, potassium channels are the most widely
distributed type of ion channel and are found in virtually all living organisms.”
[en.wikipedia.org/wiki/Potassium_channel] A Potassium ion is near a cell membrane and
experiences the electric field of a dipole within the cell. This draws the ion directly toward the
dipole. As the ion approaches the cell, its distance from the dipole decreases by a factor of %. As
this happens, the electric field strength experienced by the ion due to the dipole
A. does not change. =
B. increases by a factor of 2. N LL E Ao, O )—/
C. increases by a factor of 4. o fpeie. C 3

g increases by a factor of 8.
. Increases by a factor of 16.
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3. Consider a junction of five wires, as shown in the figure. The arrows indicate the direction of current
flow. The information about the magnitudes of the current density and the dlameters for wires 1, 2,

3, and 4 is given in the table. Some of the values are unknown.
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Wire | Current density | Diameter | Total Current e iz i >
[A/mm?] [mm] [A] Ty r—““‘“ -
1 2.1 1.3 222 Wirc 4
2 277 2.0 5.9
3 3.9 0.73 7?
4 1.0 27?2 12 }// ’
¢ Wire 1 Wim 5

What is the current /5 in wire 5? [Assume that the current out of the junction is positive and that the
current into the junction is negative.]
A -9.1A

B. +9.1 A B\{ dynction Kule
\ —-11 A ]:{/\ s T ank

Alss Eq . 2121

= I:t

@.‘l>~ﬁ(0‘7313< .
G
L —(2.787+ 632 +

Ig‘ ~ /A o

:'9[;—
= ={0.5(7

\l

Ya

Page 3 of 11



4. Rank the power consumption of the 4 identical resistors shown.
———

PB= PA:PC:PD
PD>PB:P(j>PA
Pa> Pg=Pc> Pp
v PD>PA:PB:PC
@ Pp>Pp>Pp=Pc

o 0w

fum\mowz
()9 = | Vl/k
> PA = 0.7 \‘/K
7
P eq,"h" 0.\ \1/'(‘ \
o ent/al
Q%miva£"F s/ ) 2 v(é:‘o QOLCFOSS bot~
Q/,\Ag 1§ \/ .
Y ISR R = fowe drssipated
[ l,\{ b l\S
7 =\
currerd Fhrowgl i &

midile  path i given
b I2 N = 0.667(Vv

>

; z
= (onty disipaled by A s (4= INE (O‘W% R

‘QA,: 0.44Y4 \//L
\IOH%% o{rolp across A <\ = i
S #>TaR = O-GB?(‘%\K = 0.b6TN -

o= \{b\)(“‘)/@ o\roF accoss BEC NV=0.067V = 0-333V .
= s pated b C s _ E
= Quwer diss pate ! B8R (g_PC:@%_\Q} ;O-‘“-\fz

Page 4 of 11



o
5. The electric potential inside a charged capacitor /
A. is constant. —
increases linearly from the negative to the positive plate. X

. decreases linearly from the negative to the positive plate.
D. decreases inversely with distance from the negative plate.
E. decreases inversely with the square of the distance from the negative plate.
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6. What is the time constant for the discharge of the capacitors in the figure below?

P

A 2x1073s
B. 0.17 s
C. 1.3s

. 24 s
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7. The electron in a hydrogen atom maintains an average distance from the proton of 0.053 nm. What
is the electric field at the position of the electron?
A. 82x10® V/m, toward the proton
B. 27 V/m, toward the proton

A4 ~ta)
27 V/m, away from the proton — K (‘6 a4 =</ )(‘ £x(0
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£ = 5.2 <0"

N
6 away from proton
22V
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8. What is the magnitude of the current through the 4.0 Q resistor in the circuit below?
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FREE-FORM IN TWO UNRELATED PARTS (12 points total)
Clearly show your reasoning and work as some part marks may be awarded. Write your final answers in

the boxes provided. MO\f) Og 4l N F; K ,/g) Q CD _,;?;5
. - Rz y‘""(

PART A e ral5. |
1. A point charge +Q is located a distance R away from five identical point q ﬁﬁ\ &‘ER
charges, each of charge +¢/5, equally distributed along a semicircular arc of /
radius R as shown. What is the total force, magnitude and direction, exerted " 15 / 45 X +Q
on +Q? [Please express your answer in terms of O, ¢, R, the Coulomb @ W s @
constant, K, and numerical constants.] 'f% (_/,g =
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PART A
2. A point charge +Q is located a distance R away from a semicircular arc AQ
that is uniformly charged with a total harge of +¢ as shown. The charge per M

length along the semicircle is: :

r=14

/
7R *q
What is the total force, magnitude and direction, exerted on +Q ? [Please .
express your answer in terms of 0, ¢, R, the Coulomb constant, X, and
numerical constants.]
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PART B

The flash unit in a camera uses a 1.5 V battery to charge a 33 uF capacitor. The capacitor is then
discharged through a flashlamp. The discharge takes 8.0 us. During this time interval, what is the
average power dissipated by the flashlamp?
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