Exam 3
Physics 132

Short Answer Section. Please answer all of the questions.

1. Resistors are arranged as show below. Each resistor is 3 Ohms. What is the equivalent
resistance?

1 1.1.1_ 3
_:—+—+—:— ”5:
R, 3 3 3 30 " =142
R,=1Q2+3Q +3Q =172

2. State Kirchoff’s two laws clearly.

1. The sum of the voltage differences around any closed loop in a circuit must be zero.
2. The net flow of current into a junction must equal the net flow of current out of the
junction.

3. State the voltage convention that is used with Kirchoff’s voltage law.

1. If the analysis path crosses a resistor in the same direction as the current flows through
the resistor, then V =—iR

2. If the analysis path crosses a resistor in the opposite direction as the current flows
through the resistor, then V =iR

3. If the analysis path crosses an emf from the short (negative) side to the long (positive)
side, then V =+¢€.

4. If the analysis path crosses an emf from the long (positve) side to the short (negative)
side, then V =—¢.

4. An unknown resistor is hooked to a 10mF capacitor. If the time it takes for the voltage on the
capacitor to fall to 1/e of its initial charged value is 2 s, how large is the resistor? Sketch the Voltage
vs. time graph for the voltage on the capacitor. (Hint, when the voltage has fallen to 1/e of its initial

value, V=1V, e’ ).

T=RC
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Sketch is exponential decay curve.



5. A proton has a speed of v =2 x10°m/s when it enters a region where a uniform B field of
0.1T is present. What is the magnitude of the force that the proton experience? What will the
radius of curvature of its path be?

F=qwB=32x10"

2

= qvB

r="Y —020875m
qB

6. A straight wire of length 1m carries a current of 3 A in the j direction as shown below. An

external uniform B field of magnitude 2 T points in the —i direction. What magnitude and
direction force does the wire experience?

Z

F=ilxB=3A 1mjx2T (-1i)

7. A square loop with side 0.2m has 10 turns. Five amps flow through each turn. What
maximum torque could the loop experience when placed in a 10 T field and at what angle would
this occur? What maximum energy could the loop have and what angle would this energy occur?

MU= NiA=10-5A-(02m)* = 2A m*

T = UBsin0O
Tow = UB = 20Nm (@0 = 90°)
U= — B cosO

Unx = 4B = 20Nm (@6 = 180°)

8. How is a real battery different from an ideal battery?

Ideal batteries 1) Provide a constant voltage no matter what current is drawn, 2) Live forever



9. What is the current in the circuit shown below? Take r=5 Ohms, R=1000 Ohms, and the emf to
be 12 V. What is the power in r? If r=0, what current would flow through R?

r
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g =i(r+R)

. 82 _ s

P=ir=713X10"*W
€= 12%104



Problems. Please work 2 of three problems

1. Consider the circuit below

€1
| |—||——|
11 4 R>
R1

. i
R3 Uy R— *

Loop 2

Loop 1 Junction

R1 =200 Ohms, R2 =250 Ohms, R3 =300 Ohms, R4 =350 Ohms, €1 =20 Vande2 =10 V.

a. Using the loops indicated, write Kirchoff’s voltage loop rule for each loop.
LR —1R—€—-6=0
+&+&— LR, LR =0
b. Apply Kirchoff’s junction law to the junction indicated.
L= b+ i

c. Solve for the currents.



—Rs—iLRi—&—&=0
E + & 20V + 10V

b =—g% ¥R = 3000F2000 — 0064
+81 + 82_ i3R2 - l3R4 == O
2 4
i =i, —i=—0.06A— 0.05A
—_011A

2. A magnetic levitation train uses the force on a current conducting wire to allow a train to float
just above a track, as shown below. The rod below has a mass 1 kg and a length of Im. B=2T
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a) What current is necessary to get the rod to just float? (Hint: Balance the magnetic force against
the weight, mg).

mg = ilB

_mg _ lkg-9.8m/s’

STB T T Imoar - 40A

b) Taking the resistance of the rod to be 0.1 Ohms, what battery voltage would be necessary to
drive this current with the current you found in part a).

V=IiR=49A-0.1Q2 = 049V
¢) Draw the simple loop circuit and compute the power in the rod as resistor.
P=7R=(49A)-0.1Q =2.4W
d) You would need to be able to support the battery as well as the rod in a real train. If the mass
of the battery, wires, and all the other stuff needed to build this device had a mass of 2 kg, how

much more current would you need to support it. What voltage battery would you now need?

mg = ilB
_mg _ 2kg-9.8mls* _ 9.84 V=iR=98A-0.1Q2= 098V
'Y T T imoar
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3. A proton has a magnetic dipole moment u=1.411x10"J /T.

N

i
proton

a. If the proton were composed of a single circular current loop with a radius of r=0.8x10""m,
what current would be necessary to produce this dipole moment?

1 = NiA
4 1411X10*J/T

P=NA T 1-7-(0.8X10 7)? = 7017.74A

b. If this current came from taking the charge of the proton as a point and making it go around in
the loop described, how long would it take for one orbit? (hint: i=q/t).

—_ —-23
1= 7= Jor77aA - 228 X107

c. If the proton were placed in a 1 T field, what is the maximum torque that it could experience?

T = UBsin0
Tow = UB = 1411 X 107°J/T- 1T = 1.411 X 10™° Nm

d. If the proton were placed in a 1T field, what are the maximum and minimum magnetic potential
energies that it could have by virtue of the orientation of its dipole moment? What is the maximum
change in energy that it could experience? What would it do for this maximum change to occur?

U=—uBcosO

Unw = UB = 1411 X107 - 1T = 1.411 X 107*J (0 = 180°)

Unin =—UB =—1.411 X107 - 1T=-1411 X107*J (0 =0°)

AU = Upy — Upin = 2.822X107*J  (flip from180°t00°)

Bonus. What speed would the charge have in part b?

_2ar _ 27w-08X10""m
St 228X107%s
(This is a significant fraction of the speed of light.)

=22X%X10%m/s




Some useful formulae
Charge on the proton: 1.6x107"°C
Charge on the electron -1.6x10"°C
£ =8.85x107"2C* /(Nm?)
m, =1.67x10"" kg

m, =3.33x10""kg

Surface area of a sphere: A=4m?’

Surface area of cylinder: A=2nal+2nd
4 3

Volume of a sphere: V= gﬂ'r

Volume of a cylinder: V=rdlL



