Physics 21
Fall, 2011

Solution to Hour Exam #2

If you want to discuss the grading, you must speak with the grader by Dec. 7.

1: Malenda 2: Tupa 3: Faust 4: Beels

Problem 1. For the following circuit:
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{a) (8 pts.) For R = 65.0Q, L = 100.0mH, C =
8.00pF, and w = 1200.0tad/s, calculate the in-
ductive reactance Xy and the capacitive reac-
tance X, and then draw a phasor diagram that
is approximately to scale. Include a phasor for
the ac voltage V. Draw a mark on your diagram
to indicate the phase angle ¢. Neatness counts.

5: Glueckstein

(b) (3 pts.) Evaluate the rms value of the current I

if the rms voltage supplied by the power supply
is 6.00 V. Show all work.

(c) (3 pts.) Evaluate the phase angle ¢. Does the
voltage across the power supply lead or lag the
current?

(d) (3 pts.) What is the average power delivered to
the circuit by the power supply?

(e) (3 pts.) What is the time interval between a max-
imum in voltage across the power supply and the
next maximum in voltage across the capacitor?
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Problem 2. In the figure below, £ = 16.0 V, the (b) (5 pts.) What will be the energy stored in the

inductance is L = 0480 H, and the resistance is inductor after a long time?
R = 32.0Q. Both switches (S7 and Ss) are initially
open as shown. & (¢) (5 pts.) Affer the circuit has reached its steady
—ﬂ H.M state value, switch 57 is opened and 57 is simul-
i taneously closed. What is the functional form
of the current i(f) through the resistor {(starting
'—"\f\ﬁ{\i‘——tﬁ%ﬁs’t}_“ from the time the switches are flipped)? Make an
i accurate plot of i({} as a function of time in the
o bhox below.

85 _
{a) (5 pts.) At t = 0 switch S} is closed. What (d) (b pts.) THow long will it take before the

is the time constant of this c¢ircuit? What is the energy in the inductor will decrease to 40%
functional form of the current ¢(¢) through the re- of its original value? At that time, what
gistor? Make an accurate plot of i(£) as a function will be the current through the resistor?

of time (for ¢ > 0) in the box below.

Draw the graphs for parts (a) and (c) in the boxes below. Fill in numerical values in seconds and
amperes for several tic marks on the horizontal and vertical axes to set reasonable scales for these
axes. Neatness counts.

Part (a) in this box: Part (¢) in this box:
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Problem 3. A circular loop of wire with radius v is
located in the zy plane in a region where the magnetic
field is spatially uniform and varies with time according
to B(t) = Bexp(—at) k.

2 ~at
£ = W B &
n
(&) & = ae{o2w) (357) 0T
y - 3x0 5

B
2
]

(a) (3 pts.) Write Faraday’s Law.

(b} (7 pts.) Find an expression for the magnitude £ of
the emf induced in the circuit. Your result should
depend on B, a, r, t, and physical constants.

(c) Bpts) Ifr =200cm, B =20140T, a =
3.0057!, evaluate £ at ¢ = 0.500 s. Tf the re-
sistance of the ring is 0.010€2, what is the current
through the ring at that time?

(d) (5 pts.} If you look down on the wire loop from
above, in what direction will the induced cur-
rent flow {(clockwise or counterclockwise)? HEx-
plain your reasoning. [Assume the values of r, B,
a, and ¢ given in part (c}.
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Problem 4. Two long, parallel wires separated by a
distance d carry currents [ and Is in opposite direc-
tions as shown in the end-on view below:

{(b) (4 pts.) Compare the force that wire 1 exerts on
a length I of wire 2 with the force that wire 2
exerts on a length L of wire 1. Are the vector
forces the same?

(c) (4 pts) If d = 12.0 em, I; = 150 A, and

I I I = 45.0 A, then find the magnitude of the force
per meter that wire 1 exerts on wire 2.

(a) {6 pts.) Find an expression for the vector force
Fi2 that wire 1 exerts on a length L of wire 2.
Draw the appropriate fields and use the right
hand rule to determine whether the force is at-
tractive or repulsive.

(d) (6 pts.) For the values given in part (c), specify
clearly all the locations where the total magnetic
field near the wires is zero.
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Problem 5. A 300 nF capacitor is charged by a24.0V
power supply, then disconnected from the power sup-
ply and connected in series with a 370 mI inductor.
The inductor and the capacitor make a complete cir-
cuit. For the following questions labelled (a), (b}, and
(c), assume there are no losses in the circuit.

(a} (5 pts.) Calculate the oscillation frequency of the
circuit.
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(b) (5 pts.) Calculate the energy stored in the ca-
pacitor at time t = 0 (the moment of connection
with the inductor).

(¢} (5 pts.) What is the earliest time ¢ > 0 for which
all the energy will be contained in the magnetic
field of the inductor?

(d) (5 pts.) If the resistance in the wires of the cir-
cuit is 5.00 m£?, calculate how long it will take for
the energy in the circuit to diminish to 30% of its
original value.
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