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Rip off the eqt’n sheet and put your name on this page. NAME:

An electron moves downwards with speed v. The electron is in the presence of a uniform external Ly
magnetic field. The electron experiences magnetic force to the into the page at the instant shown. :
***1a) Which best describes the signs of field components? Circle the best answers. L
- - v X
Impossible to determine I
B, >0 B, =0 B, <0 . .
x x x without more info ;
B, >0 B, =0 B, <0 Impqsmbleto detfermlne
without more info
Impossible to determine
B, >0 B, =0 B, <0 . .
z z z without more info
1b) Suppose one wanted to counteract this magnetic deflection force by putting the system between charged parallel
plates. Which of the following orientations is best suited to counteract the magnetic force? Circle best answer.
Note: assume the plates are infinitely large with a cross-section indicated. Plate polarity is indicated in each figure.
: - F : . bl
— ' : ' . . Impossible to
_— : ."'———. : It is possible, but none of the P . .
__________ el | O . . determine without
‘ # ‘ ‘ previous answers is correct . .
T : — : more information
Two capacitors are connected in series to a battery and allow to fully . L .
. L . . Charging circuit Reconnected circuit
charge (see charging circuit). After charging, the capacitors are
reconnected as shown in the “Reconnected Circuit” figure at right. | ,_/
— ¢ + |+
£ I 3C c

2a) After initial charging which cap store more energy?

- T 7

Impossible to determine
U > U U =U U < U i . .
¢~ use ¢ s ¢~ without more information

2b) The switch in the Reconnected Circuit is closed and the capacitors are allowed to reach equilibrium.
Which of the following statements best describes after the reconnected circuit is allowed to reach equilibrium?

C & 3C have the same potential = C & 3C store the More than one of the Impossible to determine

C & 3C carry the same
previous answers is correct. =~ without more information

charge as each other. difference as each other. same energy.

2¢) The switch in the Reconnected Circuit is closed and the capacitors are allowed to reach equilibrium.
Which of the following statements are true after the reconnected circuit is allowed to reach equilibrium?

Potential difference decreases Potential difference increases for one Potential difference increases Impossible to determine
across both capacitors. capacitor but decreases for the other. across both capacitors. without more information




A rectangular coil of wire is supported by a hinge on the z-axis. The rectangular coil is twice as tall as it
is wide and is in the xz-plane. Current in the coil flows downwards along the z-axis.

Before

Suppose we want to introduce a magnetic torque which cause the loop to rotate towards the yz-plane as
shown in the “After” picture. To be clear, it is ok if the loop continues swinging past the state shown in
the “After” picture. We are able to apply a uniform magnetic field along any of the principal directions.

3a) What direction best describes the initial state magnetic moment of the loop?

Az

+J +k Some combo of | Some combo of Some combo of Impossible to determine

—j & & t] & tk tk & +1 without more info
3b) What direction should be used for the external magnetic field to cause the desired rotation?
+k Requires some Requires some Requires some
— combo of combo of combo of
-k + & £ +j & +k +k & +1

Impossible to determine

An engineer wishes to make a resistor using a right triangular prism of carbon. When the

resistor is in operation in a furnace she wants a resistance of 333 n{) between the front & back (,66\)‘“

triangular faces (separated by the distance shown in the figure at right, not to scale).

The operating temperature is expected to be 144°C.
****4a) What value is required for dimension s? §

X .
without more info &

4a

4b) During a transient heating cycle, the furnace temporarily operates at 180°C.
How is the original resistance affected by operating at warmer than expected temperatures?
Impossible to determine

Decreases R No effect on R Increases R . .
without more info.

4c) After the resistor is made, the engineer considers drilling a hole as shown at right.
How would drilling this hole affect the resistor’s resistance?

Impossible to determine
Decreases R No effect on R Increases R P i .
without more info.




Consider the capacitor circuit shown at right.
All capacitances & the battery potential difference are known.

**5a) Determine equivalent capacitance in terms of C.

**5h) Rank the charges stored by each capacitor (clearly indicating any ties).

I expect your answer to look like Q; = Qs > Q, or something like that.

5a

5b

In the circuit shown at right a 6.00 V battery pushes 1.00 A current when the switch is open.
All resistors have equal resistance. To be clear, the current in the battery’s branch is 1.00 A.

**6a) Determine the resistance of a single resistor.

***6b) By what factor does total power delivered change when the switch is closed?
Express this factor as a number with three sig figs. 1

6a

6b




In the circuit shown at right resistance r is UNKNOWN.
Current iy, the voltages, and the other resistances are known.

***7a) Write a linearly independent set of loop and junction equations one could
use to analyze this circuit. To ensure full credit, clearly label the figure at right
with additional currents and loop directions used for your equations.

***7h) Determine resistance r in terms of £, R, & ij.
Simplify your work a reasonable amount for full credit.

Loop Equations Junction Equations

7b




A straight wire segment aligned with the y-axis of length 2d carries current I.

A non-uniform external magnetic field is present given by

B = __F &
(yz + d2)1/2

where g is a positive constant.

8a) Which best describes the direction of the magnetic force acting on the straight wire segment?

+j +k Some combo of | Some combo of Some combo of Impossible to determine
—j —k & £] 1 & tk th & £ without more info

8b) Determine the units assumed on .

****8c) Determine the magnitude of the magnetic force exerted on the wire segment.

Y

None of the other
answers is correct

8b

8c




Two parallel plates are arranged as shown in the figure. You may assume the radius R of a :
single plate is very large compared to the plate spacing ¢ (that letter is “script L”). ;

****0Q) Derive capacitance between the two parallel plates.
Note: credit will only be given if your derivation is clear and complete.
That said, please put your final result in the box as well.




Consider the circuit shown at right. Assume &, R, & C are known.

Assume the switch is closed at time t = 0.

10a) Determine initial current through R just after the switch is closed.

10b) Determine steady-state current through R (a long time after the switch is closed).
10c) Determine steady-state voltage across the capacitor.

***x*10d) Suppose the switch is re-opened. Determine time required (after re-opening) for

capacitor energy to decrease by 33.3% from its max value. Answer as decimal number with 3

sig figs times RC.
Notice 10e) At bottom of the page...

5R

10a

10b

10c

10d

10e) An engineer builds a nearly identical circuit but inserts a dielectric with k = 2 into the
capacitor. The engineer wants the same discharge rate upon re-opening the switch. Can it
be done? If so, how? Circle the best answer.

No change Impossible to adjust Impossible to

Change 5R . Change 5R . .
9 to5Ris g 5R to get the same determine without
to 10R . to 2.5R . .
required discharge rate more info
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