1. A galvanometer has an internal resistance of 30 Qand deflects full scale for a 50-pA current.
Describe how to use this galvanometer to make (a) an ammeter to read current up to 30 A, and (b)
a voltmeter to give a full-scale deflection of 1000 V?

(a) We make an ammeter by putting a resistor in parallel with I, R,
the galvanometer. For full-scale deflection, we have — &
Vinewr = e = LR, |
(50% 105 A)30 Q) = (30 A-50x 104 A)R,, AAA (:)
which gives R, = [ 50x 10¢ Q in parallel. | 1‘ u—;;- r
(b) We make a voltmeter by putting a resistor in series with I G
the galvanometer. For full-scale deflection, we have

Viewer = HR + 1) = I(R, +1);
1000 V = (50x 106 AR, + 30 Q),
which gives R, = 20x 106 Q= [ 20 MQ in series. |

2. Electronic devices often use an RC circuit to protect against power outages as shown in Figure. (a)
If the device is supposed to keep the supply voltage at least 70 percent of nominal for as long as
0.20 s, how big a resistance is needed? The capacitor is 22 pF. (b) Between which two terminals
should the device be connected., @ and &, and ¢, or @ and ¢7
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{a) Normally there is no DC current in the circuit, so the voltage of the battery is across the
capacitor. When there is an interruption, the capacitor voltage will decrease exponentially:
V¢=Vnﬂ_="rf,
We find the time constant from the need to maintain 70% of the voltage for 0.20 s:
0.70Vy = Voe 0200/, or (020s)/7=In(1.43) =357,
which gives =056 s.
We find the required resistance from
r=RC;
056 s = R(22x 10~ F), which gives R=25x 10 Q =
() In normal operation, there will be no voltage across the resistor, so the device should be connected
| betweenbandc. |




3. Two resistors and two uncharged capacitors are arranged as shown in Figure. With a potential
difference of 24 V across the combination, (a) what is the potential at point a with S open?
(Let V=0 at the negative terminal of the source.) (b) What is the potential at point & with the
switch open? (c) When the switch is closed, what is the final potential of point 47 (d) How much
charge flows through the switch S afier it is closed?

L. () In the steady state there is no current through the
capacitors. Thus the current through the resistors is Ve=24V ¢
I=Vyu/(Ri+Ry)=(24V)/(BBQ+440)=182A. i &
The potential at point a is 1
v,=v,,=mi“;:maxum= K 2
(b) We find the equivalent capacitance of the two series capacitors: I¢ a "-—"";-—-
1/C=(1/C,) +(1/Cy) = [1/(048 uF)] + [1/(0.24 uF)], _
which gives C = 0.16 uF. R, 2 -
We find the charge on each of the two in series:
Q.I=Q2-Q:CV;:{G.IEHFHZ4V]=334,IJC. V‘=D d
The potential at point b is
Vy= Via = Q,/Cy = (3:84 4C)/(0.24 uF) =
{€) With the switch closed, the current is the same. Point b must have the same potential as point a:
Vy=V,=
(d) We find the charge on each of the two capacitors, which are no longer in series:
Q1=CVa=(048 uF24 V-8.0V) =7.68 pC;
2, = C,Viu = (0.24 uF)B.0 V) = 1.92 uC.
When the switch was open, the net charge at point b was zero, because the charge on the negativ:
plateufl:,had&waammgr&tudeas&\ec}mgamﬂwpmiﬁveplﬂeofg With the switch
ntbts

which flowed through the switch.
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4. A charged capacitor is discharged through a resistor. The current /(y) through this resistor,
determined by measuring the voltage Fy(f) = ()R with an oscilloscope, is shown in the figure
below . The total energy dissipated in the resistor is 2.0 = 10+ I. (a) Find the capacitance C, the
resistance R, and the initial charge on the capacitor, [Hint: You will need to solve three equations
simultaneously for the three unknowns. You can find both the initial current and the time constant
from the graph.] (b) At what time is the stored energy in the capacitor 5.0 = 10-5J7
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a) According to the figure, fp =95 mA and =25 ms. At =7, I=%=Dﬁfsﬂﬂ.MEA. Find .

G = CVp = ClUIR) = Io(RC) = o = (0.095 AX0.0025 5) =[ 2410~ C|
Find C.

V= 2’?
%
=
i
U
{0.005 A)*(0.0025 5)°
2(2.0x107% 1)
-
Find R.
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m U ='Ec(.¢v'ﬁ and AV = Ve /T
Find 1.
U= %cmv;i
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5. The circuit shown in the figure below is used to study the charging of a capacitor. (a) At ¢ =0, the
switch is closed. What initial charging current is measured by the ammeter? (b) After the current
has decayed to zero, what are the voltages at points A, B, and (7
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(a) Initially, the resistance of the capacitors is zero, so the entire voltage is dropped across the resistor.

Vv 3.0

(b) When the current stops, the voltage drop across the resistor is zero, so points B and C are at the same
potential. There is no potential drop between the battery and point A, so the voltage of point A is [3.0V|.
Since B and C are at the same potential, the magnitude of the charge on the plates of both capacitors must b

the same. So, Q=W =CV,, or ¥ = %Vz. The voltage drop across both capacitors must be V=3.0V,
i

C C
V=V+Vy=—2V,+V, =(—2+1]v2.
G )

Calculate V.
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Since the voltage across C; is 0.86 V and C, is connected to ground, point C must be at , as mu

mnoint B



