Physics 1B: Electricity & Magnetism, Fall 2010
Quiz #3, Nov. 2, 2010

This 1s version Al

Useful coefficients: g = 9.8 m s~2; Unit of elementary charge e = 1.6 x 1071 C

Mass of proton, m, = Mass of neutron, m, = 1.67 x 10727 kg; Mass of electron, m, =
9.11 x 1073 kg

Coulomb’s constant, k. = 8.99 x 10° N m? C~2

Permittivity of free space ¢y = ﬁ =885 x 1072 C2 Nt m2

Prefixes: milli (m) = 1073; micro (u) = 107%; nano (n) = 107?; pico (p) = 107'2; fempto (f)
— 10715
leV =16 x10""J

Questions 1-3: You are given a circuit consisting of 7 identical capacitors, each with ca-
pacitance 14 mF, connected IN SERIES with a 9-V battery.

What is the voltage drop across each individual capacitor?
0.78 V
. 1.29V
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Calculate the equivalent capacitance.
0.14 mF

. 0.5 mF

2 mF

. 49 mF

14 mF
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3: While the capacitors are all kept connected to the battery, a dielectric material with a
dielectric constant k = 2 is inserted into the gaps of each capacitor. What is the ratio of the
equivalent capacitance now to that derived in problem 1, i.e., what is Ceq2 / Ceq1 ?

a. 2

b. 2/7

c. 1/2

d. 7/2

e. 14

Solution for No. 1: The sum of the voltage drops across the capacitors must equal 9 V. With
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each capacitor being equal, AV = 9/7 = 1.29 V for each.

Solution for No. 2: Let C denote the capacitance on each individual capacitor.
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Solution for No. 3: Let C denote the original capacitance, before the dielectrics are inserted.
When the dielectrics are inserted, we have C — xC on each capacitor.

X
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Taking the reciprocal of both sides, we get C.,2 = Ii% = KCeq1

So Cqu / Ceq’1 =K =2

4. Consider an electron moving in a circuit which consists of five resistors connected in series
with a battery. The five resistors, R., Ry, Re, Rg, Re, have resistances of 192, 152, 1012,
25€2, and 1) respectively, and the battery supplies an EMF of 19 V. The drop in potential
energy is greatest when traversing which resistor?

. Ra
. Ry
Re
. Rq
Re
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Solution: APE is related to AV as AU = qAV, so we need to to identify the largest drop in

AV. This will occur for the resistor with the largest value of resistance, Rd. Furthermore,
the current is identical at all points in the circuit, so AV = IR holds for each resistor
separately, and the largest AV occurs at the resistors with the largest value of R.

5. What is the maximum number of hair dryers (each consuming power at a rate of 1000W)
you can connect in parallel in a 120-V home circuit without tripping the home’s 45-Amp
circuit breaker?

e
~N o O W



Solution: Each hair draw must draw a current of I = P/AV = 1000W/120V = 8.33 A. The
total current needed to operate N hair dryers is 8.33N Amps. 5 hair dryers draws 41.67
Amps, but 6 hair dryers would draw 50 A and thus trip the circuit breaker. The answer is
5.

6. You have two cylindrical resistors, A and B. Both are made of platinum. Their lengths
are identical. The radius of A is one half that of B. Resistor A is to be operated at 20°C.
Resistor B is to be operated at 120°. « for platinum is a constant in this temperature range:
3.92x1072 (°C)~!. Find the ratio of their resistance values, R(A)/R(B).

SOLUTION: We use R = p 1/ A for each resistor, and can form their ratio of resistance
R(A) _ paLa/Aa _ paLaAsp

R(B) plLp/AB pBLBAA’

We are given that L, = Lp.

When you halve the radius, you decrease the cross-sectional area by a factor of 4. So the
area of A is one-fourth that of B: Ag =4 Ay

Now we must calculate ps/pp:

We can use pp = pa[l + a(T - Ty)]

where T = 120°C and T is 20°C (reference temperature).

(T - Ty) = 100°C.

a(T - Ty) = 0.392

PB/PA = [1 + CY(T - TO)] = 1.392

values

Finally, we have % = @ X % = 2.87

7. You are given three samples of different metals, and you can determine the resistance R
for each of them at temperatures of 65°F and at 458°F (R and R, respectively):

Sample Rg at T=65°F | R at T=458°F
Palladium (Pd) 1.00 1.81 Q
Nickel (Ni) 10.00 © 16.00 ©
Brass 2.00 2.44 Q)
Tin (Sn) 2.00 Q 3.96 Q

Rank these metals in order from the highest temperature coefficient of resistivity a to the
lowest (assume « is constant over this temperature range).

a. Sn, Pd, Ni, Brass
b. Brass, Pd, Ni, Sn



c. Ni, Sn, Brass, Pd
d. Ni, Brass, Sn, Pd
e. Sn, Ni, Pd, Brass

Solution: Consider the equation for the dependence of resistance
as a function of temperature,

R =Ry [1 + a(T - Ty)]: it can be re-written as

R/Ro =1 + a(T - Ty)]

We are given T and Ty, which are the same for all three samples.
Whichever metal has the highest ratio of R/Ry must have the highest
value of [1 + a(T — Ty)] and thus the highest values of a.

R/Ry for Pd is 1.81.

R/Ry for Ni is 1.60.

R/Ry for brass is 1.22.

R/Ry for Sn is 1.98.

These are the values of [1 + a(T — Tp)]. So,

aAT for Pd is 0.81

aAT for Ni is 0.60

aAT for brass is 0.22

aAT for Sn is 0.98

And (T - Ty) is the same for all four samples. We conclude that

« is highest for Sn. Pd is second-highest. Ni is third-highest.
a is lowest for brass.

8. The dielectric strength of “substance X” is 4.0 x 10" N/C and its dielectric constant is
4. You are given a parallel plate capacitor whose plates are separated by 1 mm. When
filled with substance X between its plates, this capacitor can hold a charge of 0.01 C before
dielectric breakdown occurs. Find the maximum amount of energy that can be stored in the

capacitor without dielectric breakdown occuring.

.50 J
. 800 J
2]
d. 15 J
e. 200 J

o o



Solution: We can use Energy U = 1/2 Q (AVyax) where AV, is the maximum voltage
difference which can be applied before dielectric breakdown occurs.

AViax = Enpax d = (4.0 x 107 V/m)(0.001m) = 4.0 x 10* V.

U=1/2Q (AVmax) = 1/2 (0.01 C) (40000V) = 200 J

An alternate solution would have been to calculate the capacitance:

C = Q/(AV) = (0.01C) / 40000 V = 2.5 x10~7 F = 250 nF.

We can then use U = 1/2 C (AVay)? = 1/2 (2.5 x 1077 F)(40000V)? = 200 J.

9. Two capacitors are connected in parallel with a battery: capacitor A has capacitance C4;
capacitor B has capacitance Cg; Cy4 is greater than C'g. Which of the following statements
is true?

a. There is a larger potential difference across capacitor A.

b. There is a larger potential difference across capacitor B.

c. There is the same quantity of charge stored on each capacitor.

d. There exists the same potential difference across both capacitors.

e. There is more charge stored on capacitor B.

Solution: For circuit elements connected in parallel with a battery, the voltage drop across
them must be identical (confirming choice D and ruling out choices A and B). Because the
values of capacitance are not equal, and using C = Q/AV, there must be differing amounts
of charge stored on each capacitor (ruling out C). Finally, because C'4y > Cp, and because Q
= CAV, we have Q4 > @p (in contradiction to choice e).

10. If 1.0 x 10%° electrons enter a 20€) resistor in a duration of one minute and four seconds,
what is the potential difference AV across the resistor?

Solution: We can calculate the current using I = AQ/AT.

AQ = 1.0 x 10% electrons x (1.6 x107* C per electron) = 1.6 x10' C = 16 C.
[ = AQ/AT = 16C / 64 seconds = 0.25 Amps.

AV = IR = (0.25A)(20Q) = 5.0 V.



Please double-check that your intended choices are bubbled in correctly on
the scantron form. Double-check that you’ve bubbled in the test version correctly
— this is version A! And please double-check to make sure you have bubbled in
your Exam Code Number on the scantron form correctly!



