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This print-out should have 15 questions.
Multiple-choice questions may continue on
the next column or page — find all choices
before answering.

001 (part 1 of 2) 5.0 points
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b
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ﬁ Ebattery

From a microscopic point of view, the im-
portant quantities in a circuit analysis are the
fields and the electron currents. This problem
concerns the circuits shown in figures (a) and
(b). The bulbs in both circuits are identical
and have a filament length L, while the bat-

teries are also identical with emf, €. Assume
the potential difference along the connecting
wires in both circuits is negligible.

For the case of Fig(a), the field in the fila-
ment is E. The circuit satisfies the loop equa-
tion: ¢ = FE L and the electron current is
i.

Now consider the circuit of Fig(b). Define
E{ to be the electric field through the top
bulb, Ej; be the electric field in the lower-left
bulb, and Ejp to be the electric field in the
lower-right bulb.

Choose the answer that identifies the cor-
rect statements from the following list.

(la) By = By

(Ib) E1 > Eyy,

(Ila) By, > Ebp
(Ib) Ey;, = Eap

(lla) Ey;, + Eyp = Ef
(IIIb) E);, + Eip > B

1. Ib, Ila, I1Ib

2. Ta, IIb, I1Ib

3. Ia, I1a, IIIa

4. Ib, IIb, ITIb

5. Ia, I1a, I1Tb

6. Ia, IIb, I1Ia

7. Ib, ITa, I11a

8. Ib, IIb, IITa

002 (part 2 of 2) 5.0 points
Denote the current through the top branch be
i} and the current through the bottom branch
to be 5.

Choose the answer that identifies the cor-
rect statements from the following list.

(Ta) i) =1

(Ib) 4} < i
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IMa) i, = 4
2
Ib) i = -
(1Ib) 45 5
. 3.
(IIIa) 2;)attefry = 52

(IIb) ié)attery =2
1. Ib, ITa, I1Ta
2. Ib, IIb, IITb
3. Ia, I1a, IIla
4. Ib, I1a, I1Ib
5. Ia, IIb, I1la
6. Ia, ITa, I1Ib
7. 1a, IIb, ITIb

8. b, IIb, I1Ia

003 10.0 points

Copper Copper

Nichrome

In the circuit shown, two thick copper wires
connect a 1.5 V battery to a Nichrome wire.
Each copper wire has radius R = 9 mm and
is L = 19 cm long. Copper has 8.4 x 10%
mobile electrons per cubic meter and an elec-
tron mobility of 4.4 x 1073 (m/s)/(V/m). The
Nichrome wire is [ = 9 cm long and has ra-
dius 7 = 5 mm. Nichrome has 9 x 10?® mo-
bile electrons/m® and an electron mobility of
7x107° (m/s)/(V/m).

What is the magnitude of the electric field
in the copper wire?

Answer in units of N/C

004 (part 1 of 5) 2.0 points
The following questions correspond to the fig-
ure shown, consisting of two flashlight bat-
teries and two Nichrome wires of different
lengths and different thicknesses as shown
(corresponding roughly to your own thick and
thin Nichrome wires).

)

The thin wire is 54 ¢m long, and its diame-
ter is 0.18 mm. The thick wire is 20 cm long,
and its diameter is 0.42 mm.

The emf of each flashlight battery is 1.1 V.
Determine the steady-state electric field in-
side each Nichrome wire. Remember that in
the steady state you must satisfy both the
current node rule and energy conservation.
These two principles give you two equations
for the two unknown fields.

Find the electric field in the thin wire first.

Answer in units of V/m

005 (part 2 of 5) 2.0 points
Find the electric field in the thick wire.
Answer in units of V/m

006 (part 3 of 5) 2.0 points
How long does it take an electron to drift
through both Nichrome wires if electron mo-
bility in Nichrome is 6 x 107° (m/s)(N/C).
Answer in units of s

007 (part 4 of 5) 2.0 points
On the other hand, about how long did it take
to establish the steady state when the circuit
was first assembled?

1. 0.00246667 s
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2. 2.46667 x 1070 s
3. 2.46667 x 1077 s
4. 2466.67 s

5. 2.46667 s

008 (part 5 of 5) 2.0 points
There are about 8 x 10?® mobile electrons per
cubic meter in Nichrome. How many electrons
cross the junction between the two wires every
second?
Answer in units of electrons/s

009 10.0 points

North -
I . N
0 thiin Ll

e, 1
EB_@ ()
O

A circuit is assembled that contains a thin-
filament bulb and a thick-filament bulb as
shown in the figure above, with four com-
passes placed underneath the wires (we're
looking down on the circuit). When the thin-
filament bulb is unscrewed from its socket, let
the angle of deflection of the compass next to
the thick-filament bulb be denoted by 6;;ck-
When the thick-filament bulb is unscrewed
from its socket, let the angle of deflection of
the compass next to the thin-filament bulb
be denoted by 6;1,,,- When both bulbs are
screwed in, let the angles of deflection be
given as shown on the diagram.

What is the correct ordering of the angles
of deflection? (Give your answer in degrees)

1. ethick = Qbattery = Othick > ethin > Othin

! ! /
2. ethin = ethick = Othin = Othick > gbattery

3. ebattery > ethick = Othick > chin = Othin
! / !

4. Oypick > Oppin > ebattery = Othick = Othin

/ / /

5. Othicr > gbattery > gthin > gthick = Othin

6. O1hin = ebattery > Othick = gthick = gthin

7. ethick > Othick = Qbattery > chin = Othin

8. ebattery = ethin > Othick > Othin = ethick
! / /

9. ethick > Othick = Othin = gthin = gbattery

/ / /
10. ethin > ebattery = ethin > ethick = ethiCk

010 (part 1 of 2) 5.0 points
In the diagram below, suppose that Vo — Vg
= 6.2 V, and that Vp — Vp = 4.5 V. What is
the potential difference Vo — Vp?

B C D

Loop Loop

A F E

Answer in units of V

011 (part 2 of 2) 5.0 points
If the element between C and D is a battery,
is the (+) end of the battery at C or at D?
1.C
2.D

3. There is no positive end.

012 10.0 points

In the circuit below, a mechanical battery
keeps a steady-state current flowing in a wire
that has a rather low electron mobility.
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Figure

Which of the following statements are true?

1 The electric field inside the wire varies in
magnitude, depending upon location.

2 The electric field is zero at all locations
inside the metal wire.

3 At location 3, the electric field points to the
left.

4 The magnitude of the electric field inside
the wire is the same at all locations.

5 Mobile electrons inside the wire push each
other through the wire.

6 The nonzero electric field inside the wire is
created by the moving electrons in the wire.

7 The electric field is parallel to the wire at
every location within the wire.

Your answer should be a list of numbers
corresponding to the correct statements, with
the numbers separated by commas

013 10.0 points

Two resistors, R = 25 ) and Ry = 5 (2 are
used to construct a circuit as shown the figure
below, using a 10 V battery.

Ry
——VVWW——

10 V===

Ry
—/VWW—

Of the following diagrams, which indicates
the correct surface charge distribution of +’s
and —’s on the circuit? Use the relation
AV; = I;R; (Ohm’s law) to assist in your
qualitative reasoning.

Ry
4t tt,
T VWW—/
nn
i
1. -
Ry
4t ——
T VWW——
nn
i
2. i
iy
—— AW
3. e
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10 V=== Circuit 3
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+HH
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10 V=== Circuit 3
———/NVWWN——

014 10.0 points

A steady-state current flows through the

Nichrome wire in the circuit shown in the
figure.

There is some excess negative charge on the
surface of the wire near location B.

Inside the metal wire the magnitude of the
electric field is zero.

The electric field points to the left at loca-
tion G.

There is no excess charge on the surface of
the wire.

The magnitude of the electric field inside
the wire is larger at location GG than at
location C'.

The electric field at location D points to

the left.
7 Because the current is not changing, the
circuit is in static equilibrium.

Your answer should be a list of numbers
corresponding to the correct statements, with
the numbers separated by commas

015 10.0 points

In the circuit above, all the wire is made
of Nichrome, but one segment has a much
smaller cross-sectional area.

Draw a copy of this diagram. On your di-
agram, draw in the steady-state electric field
vectors at the indicated locations, taking care
to display relative magnitudes. Use this di-
agram to select the correct choices from the
list below.

1 There is a large gradient of surface charge
(relative to the rest of the wire) on the wire
between locations C' and F.

2 The electron current is the same at every
location in this circuit.

3 Fewer electrons per second pass location F
than location C.

4 The magnitude of the electric field is the
same at every location in this circuit.

5 The magnitude of the electric field at loca-
tion D is larger than the magnitude of the
electric field at location G.

6 There is no surface charge on the wire near
location G.
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Your answer should be a list of numbers
corresponding to the correct statements, with
the numbers separated by commas



