Physics 2402 Test 2 (8:30 Class) Fall 2007

1 (a) The capacitors C, (1.00x10° F), C, (2.00x10° F), C; (3.00x10°® F) and C, (4.00x10° F) are J_

connected to a 20.0 (V) battery as shown in the diagram. Cr J: LGS
(a) Find the equivalent capacitance.

(b) Find the potential difference across C.,. ||_|

(c) Find the charge on C,. 200V
Solution:

(a) The capacitors C4 and Cs are in series and are replaced by C’ in Fig. a:

e

.t C'=1.71x10"°(F)
c' c, C, |—|

2

Fig. a

The capacitors C’ and C, are in parallel and are replaced by C” in Fig. b:
C”=C’+C;=2.71x10° (F).

Finally the capacitors C” and C, in Fig. b are in series and can be replaced by C”” shown in J 1 J
fig. c:
11, L cro115x10%(F) LH

c" C" C, c, 200V m 200V

Fig.b Flg.c

200V

(b) The charge on C”” is: Q*” = C*”AV’” = 1.15x10° (20) = 2.30x10" (C). Since C”’
replaced C” and C, in series each of these capacitors have the same charge 2.30x10” (C). The potential difference across C, is:

AV, = Q =11.5(V)

2

(c) The potential difference across C” is:
Q" 2.3x10°

AV"== =20 —850(V)
C" 271x10
Since C” replaced C” and C; in parallel, each of these capacitors has the same potential 30V
difference as C”. The charge on C’ is: A A
Q' =C’AV’ = 1.71x10°(8.5) = 1.45x10°® (C). 1=VW—rg | t
Since C’ replaced C, and C; in series each of these capacitors has the same charge as Q’. The 3 AT R% §
charge on C, is 1.45x107 (C). 0 14VT 50
N
L . I’

2 In the circuit diagram the values of several resistances and battery Emge are shown. Two 15VL 25 VJ 1
currents along with their directions are also shown and the capacitor is fully charged. Assume = T
all the given values have three significant figures. c 120
(a) Find the unknown resistance “R”. 40
(b) Find the unknown Euwy “E”.
(c) If the energy stored in the capacitor is 5.00x10* (J), find its capacitance. =~ . S

h 20

T ™ Lh T

R 2A
Solution: [ ocq _|,_I b "
H H ITPel] 71" 1] : h
(a) The capacitor and the 12 ohm resistor that are connected between “a” and “b” are not Gsv] BV Wl e
shown since no current exists in this part of the circuit because the capacitor is fully charged. ‘+‘ h T
We calculate the current in the 4 ohm resistor by applying Kirchoff’s first rule at the junction ;@
h%m




“c”. This current must be in the direction shown since the other current are moving away from that junction.
D=l = 1=2+3=5(A)

We apply Kirchoff’s second rule to the loop “A” going counterclockwise. The high potential sides of each resistor and battery are
shown in the diagram.

D> AV=0 = +4(5)-25+14+5R+3(2)-30=0 = R=3.00(Q)

loop A

(b) We apply Kirchoff’s second rule to the loop “B” going counterclockwise.

DAV =0 = +15-2(4)+Emf -2(5)+3(2)-30=0 = Emf =27.0(v)

LoopB

(c) The potential difference V, — V,, is found by starting at “b” and moving through any part of the circuit to reach “a”. We choose
the direct path:

V, -V, = > AV =+25-5(4)+15=20.0(V)
b—a

Since the potential difference across the 12 ohm resistor in series with the capacitor is zero (no current in it) the potential difference
across the capacitor is 20.0 (V). We can find the capacitance since we know the energy stored:

( AZ\L/J)Z =2.50x10°(F)

U :%QAV :%(CAV)AV :%C(AV)Z = C=

“S” open. Another part of the circuit, which is not shown in Fig. a, measures the potential difference across the

3 (a) An egg timer circuit is shown in Fig. a. The capacitor “C” (6.00x10°® F) is initially uncharged with the switch R_|C
capacitor and sounds a buzzer when this potential difference reaches 4.00 (V). If the ﬂ

|g buzzer sounds three minutes after “S” is closed, find the resistance “R”. | S
30 (b) The power being dissipated as heat in the four ohm resistor shown in Fig. b is 1.60x10%  >®'f,
m (Watts). Find: (i) the equivalent resistance of this circuit and (ii) the E#¢ of the battery.
10
Fig. b

Solution:
(a) When the capacitor is completely charged there is no current in the circuit and the potential difference across the capacitor if the
battery potential AV, and the charge is: Q = CAV,. The potential difference across the capacitor at a time “t” after “S” is closed is:

3Q
At a time of 180 (s) the potential difference is 4.00 (V). We can find “t” and “R”:
1Q R
-t —t -180 Fig. bl
AV, (t) _ e :1_Avc(t) L oer oA 180 I
AV, \"A 5 T

=In(2) = r=112(s) |jg_'

Finally we obtain “R”:
RC=r = R :é:1.87><107(§2)

(b) (i) The 2 and 4 ohm resistors are in parallel and can be replaced by R’ shown in Fig. b1:
111 R’ =1.33Q)
R 2 4

The 1, 3 and 1.33 ohm resistors on Fig. b1 are in series and can be replaced by R” shown in Fig. b2:




R”=1+3+1.33=5.33(Q)
(if) The current in the 4 ohm resistor can be found since we know the power produced in it as heat:

P=I'R = 1, =\E:0.200(A)

The potential difference across the 4 ohm resistor is: AV, = I;R4 = 0.800 (V).
Since the 2 and 4 ohm resistors are in parallel, their potential differences must be the same. The current in the 2 ohm resistor is:
AV, 8
l,=—2="=0.400(A
=2 =2 —0.400(A)

2

We can apply Kirchoff’s first rule at the junction point, shown in Fig. b3, between the 2, 3 and 4 ohm resistors to find the current “I”
that passes through the battery:

Dlp=> 1y = I=1,+1,=0600(A)
This 0.600 (A) current is also the current shown in Fig, b2. We apply Kirchoff’s Second Rule to this circuit we have:

Emf —IR"=0 = Emf =3.20(V)

Physics 2402 Test 2 (11:30 Class) Fall 2007

1 The capacitors C; (1.00x10°® F), C, (2.00x10° F), C; (3.00x10°® F) and C, (4.00x10°® F) are connected to a 15.0

(V) battery as shown in the diagram. ©

(a) Find the equivalent capacitance. | G
(b) Find the charge on C,. C,

(c) Find the potential difference across Cs. |—_|__

Solution:
1 (a) The capacitors C; and Cs are in series and can be replaced by C’ shown in Fig.a:

o
11,1 o c—750x107(C) E

c' c G,

In Fig. a, the capacitors C’ and C, are in parallel and can be replaced by C” shown in Fig. b:

C”"=C’+C,=2.75x10° (F).

Fig. a
The capacitors C4 and C” in Fig. b are in series and can be replaced by C”” shown in Fig. c: c
L 11 .l
=4 = C"=163x10"°(C
c" c, c ( ) [:ICA_Tls.ov
Fig. b
(b) The charge on C” is: Q™ = C™’(AV) = 1.63x10°(15) = 2.45x10°(C). Since C’ replaced C” and C, in c”
series each of these capacitors has the same charge: Q, = Q” = 2.45x10(C). h_
(c) The potential difference across C” is:
" 15.0 vV
AV" = % =8.91(V) Fig. c

Since C” replaced C’ and C, in parallel each of these capacitors has the same potential difference as C” (8.91 V). The charge on C’ is:
Q' =C’AV’ = 7.50x107(8.91) = 6.69x10°° (C).
Since C’ replaced C, and C; in series each of these capacitors have the same charges as C’ (6.69x10° C). The potential difference
across Cj is:

_ Qs 6.69x10°°

AV, =3 =227 _ 223V
* c, 3x10° v)



2 In the circuit diagram the values of several resistances and battery Emge are shown. ” — ?8 v

Two currents along with their directions are also shown and both of the capacitors are | . ! %

fully charged. Assume all the given values have three significant figures. 80 _| S R

(a) Find the unknown resistance “R”. g o WV

(b) Find the unknown Eny, “£”. W f—]

(c) Find the energy stored in the capacitor C, which has a capacitance of 2.00x10°® (F). 0V

% 6Q 120 |c2 30 T A

|,
T35 v

Solution:

(a) Since the capacitors are fully charged there are no currents in those portions of the

circuit so the capacitors have not been included in the circuit diagram. The high "

potential sides of each battery and resistor have been marked. We can use Kirchoff’s 4l

First rule at junction “a” to find the current “I”. From a simple consideration of the h %

Shp=Dly = 1+4=7 = 1=3(A) |
We use Kirchoff’s second law around loop “A” in a counterclockwise direction: %e o

. . . 7Q
magnitudes of the other currents at “a” we see that the current “I” must be directed into h—| @
the junction: e V| 40 1V
c b WS |— a
h

30V

4A
D>AV=0 = -7R+58-25-4(3)-14=0 = R=1.00(Q) hT

loop A
(b) We use Kirchoff’s second law around loop “B” in a counterclockwise direction:

DAV =0 = -35-4(3)+30+14+3(4)+25-4(7)-4(2)+ Emf —4(6)=0 = Emf =26.0()

loopB

(c) Since there is no current in the capacitor and 13 ohm resistor, the potential difference across this resistor is zero. Therefore the
potential difference across the capacitor is V, — V. where “b” and “c” are shown. This potential difference is:

V, -V, = > AV =+4(7)-25=3.00(v )

c—b
The charge on C, and the energy stored are:
Q, =C,AV, =2x107°(3)=6.00x10"°(C)

= %QZAV =9.00x10°°(J)

3 (a) A capacitor is connected directly to a 15.0 (V) battery until it becomes fully charged

10 with a charge of 7.50x10 (C). It is then disconnected from the battery (without changing
sy its charge) and is connected to a 2.40x10° (Q) resistor “R” and an open switch “S” as shown R’ %/S
20 in Fig. a. The switch is then closed. How much time will elapse between the closing of the
switch and the instant the charge on the capacitor is 3.00x107 (C)? Fig.a

30 (b) Find the equivalent resistance of the circuit shown in Fig. b.

40 (c) To increase the power being produced as heat in the 2 ohm resistor in Fig. b to 2.70 (W), the 3 ohm
] resistor is replaced by a different resistor. What is the resistance of the new resistor?

Fig.
Solution:

(a) We can find the capacitance of the capacitor from the given information concerning its maximum charge when connected to the
battery:

5
c-Q 15107 5.00x10°°(F)
AV 15
The time constant of the RC discharge circuit is: t = RC = 12.0(s). The charge on the capacitor at any time “t” after the switch is
closed is:



7.5%x10°°

0 0

q(t):Qoe? = eft:??(t) = j:ln[((]:)(t)J = t:—rln{??(t)}:—lzm[w]:11.0(3)

(b) The 1 and 2 ohm resistors are in series and can be replaced by R’ while the 3 and 4 ohm resistors are
in series and can be replaced by R”. These resistors are shown in Fig. 1:

R'=R, +R, =3.00(Q) 5V
1t 1.1t R"=1.71(Q)
R" R, R,

Finally the resistors R” and R” are in series and can be replaced by R’ shown in Fig. 2:
R” =R’ +R”=4.71 ().
(c) The current in the 2 ohm resistor is:

P
l,= |—-2 =1.16(A
: ﬁ (A)

Since R’ replaced the 1 and 2 ohm resistors in series the current in R” is also 1.16 (A).
We can apply Kirchoff’s second rule around the loop shown in Fig. 3, where AV is the
potential difference across R”” which is equivalent to the series capacitors of 4 chms and
R, the unknown resistance.

The equivalent resistance for R and the 4 ohm in parallel is shown in Fig. 4 and is: 5V| Ir
1 1 1 - 4R
mr =—+t- = R =
R 4 R 4+R Fig. 3 Fig. 4

We apply Kirchoff’s second rule around loop shown in Fig. 3. The current in the loop is 1.16 (A):

4R

AV =0 =5-1.16(3)-1.16| ——
z = () (4+R

J = R=1.95Q)
Alternate Solution:
> AV=0 = +5-116(3)-AV = AV =152(V)

The potential difference across the 4 ohm resistor is also 1.52 volts and the current through it is:
I, = % :% =0.380(A)

We can apply Kirchoff’s first rule at the junction “a” in Fig. 4 to find the current in R:
L=1,+1, = l,=1,-1,=.780(A)

The resistance “R” is:

R=AVe _152_, gg (@)
l, .78




Physics 2402 Test 2 (1:30 Class) Fall 2007
1 The capacitors C; (1.00x10® F), C, (2.00x10°° F), C; (3.00x10°® F) and C, (4.00x10°® F) are connected to a 1¢
20.0 (V) battery as shown in the diagram. C, | Cs
(a) Find the equivalent capacitance.
(b) Find the charge on C,.
(c) Find the energy stored in Ca. 20V

C
Solution:
(a) The capacitors C; and C, are in series and can be replaced by C” shown in Fig. a.: — ¢
4
1 1 1

el L N CI:750X1077(F) Cz C’
C'" C, C, D
20V

The capacitors C’ and C4 shown in Fig. a are in parallel and can be replaced by C” shown in Fig. b:

C”=C’ + C4=4.75x10° (F). Fig. a
The capacitors C, and C” shown in Fig. b are in series and can be replaced by C”” shown in Fig. c.: C, | | c”
1 1 1 " -6
=+ = C"=141x10"°(F)
c" C, C 2071 Fid. b
ig.
(b) The charge on C™” is: Q™ = C”’AV = 2.82x10” (C). c
Since C”’ replaced C” and C, in series each of these capacitors have the same charge as C”’. The
potential difference across C” is: |
" -5 20V
avr =2 _ % =5.94(V) Fig.c
C" 4.75x10

Since C” replaced C” and C, in parallel each of these capacitors have the same potential difference as C”.
The charge on C,is:
Qs = C4,AV, = 4x10°(5.94) = 2.38x10° (C).

(c) The charge on C’ is: Q” = C’AV’ = 7.5x107(5.94) = 4.46x10°® (C). The charge on C; is the same as C’ since C’ replaced C; and C,
in series. The energy stored in Cs is:

1Q; "
AV, ===2=3.32x10"(J
Q3 2C X ( )

3

2 Inthe circuit diagram the values of several resistances and battery Ewge are shown. Two 5A oy
currents along with their directions are also shown and the capacitor is fully charged. Assume —
all the given values have three significant figures. —
(a) Find the unknown Euyg “E™. 30V 50
(b) Find the unknown resistance “R”.
(c) Find the charge on the capacitor which has a capacitance of 3.00x10° (F). oy v | ¢
—— £
R
T 5Q l 3Q
3A
3V

l

be consistent with Kirchoff’s First Law at the junction “A’: T v 12V

h
Solution:
(a) Since the capacitor is fully charged, no current exists in that part of the circuit and it has not
been shown. The unknown current “I”” shown in the figure must be in the direction of the arrow to N
|
h

R

D=l = 3+1=5 = 1=200(A) 3A



The high potential side of each resistor and battery is marked on the figure. We apply Kirchoff’s Second Rule around loop “A” in the
CCW direction:

DYAV=0 = -£+5@3)+12+5(5)-30+8+2(5)=0 = £=40.0()

loop A

(b) We apply the Second Rule around loop “B” in the CCW direction:

>AV=0 = -3-2(5)-8+3R=0 = R=7.00(Q)

loop B

(c) The potential difference between the points “b” and “c” is:
V, -V, = > AV =+12+5(5)=37.0(V)

c—b

The potential difference across the 12 ohm resistor is zero since the current through it is zero. Therefore, the potential difference
across the capacitor is also 37.0 (V). The charge is: Q = CAV = 1.11x10™* (C).

8x10° F
3 (a) The capacitor in Fig. a is initially uncharged. Exactly 2.00 (s) after the switch “S” is H
1o 39 closed the potential difference across the resistor is 8.00 (V). Find the resistance “R”.
(b) The heat produced in the resistors shown in Fig. b is used to keep four aircraft R -
20 instruments at a constant temperature. The power being produced as heat in the three ohm S 12v
A resistor is 20.0 watts. (i) Find the equivalent resistance of the circuit and (ii) find the €y of ;

£ Figb the battery, “£”. Fig. a
Solution:

(a) Since two seconds after the switch is closed the potential difference across the resistor is 8,00 (V), by Kirchoff’s second rule
applied around the circuit we have at this instant:

DAV =0 = AVo+AV AV, = AV, =12-8=4.00(V)

When the capacitor is fully charged there is no current and therefore no potential difference across the resistor. The final charge on

the capacitor is: Q = CAV = 8x10°(12) = 9.60x10° (C). Two seconds after the switch is closed the potential difference across the
capacitor is:

1Q
=2 -2 R
Q(l—efj 9.6><105[l—eTJ L 20
av@=9@_ N ) o\ ) T 667 = 2- 405 = =493
C C 8x10 T
€ Fig.b1
The resistance is: 10

ST 4B _616x10°(Q)
C 8x10

(bi) The 3 and 4 ohm resistors are in series and can be replaced by R’ in Fig. b1:
R’=3+4=7(Q).
The resistor R is in parallel with the 2 ohm resistor and can be replaced by R” in Fig. b2:

I S Y =1.56(Q)

R" R 2
The resistor R” and the one ohm resistor are in series and are replaced by R”” in Fig. b3:
R™ =R” +1=2.56 (Q).

(bii) The current in the 3 ohm resistor is:

I, = E =2.58(A)

Since this is also the current in R’, the potential difference across R’ is:



AV’ = I’'R” = IR’ =2.58(7) = 18.1 (V)
The potential difference across R’ is also the potential difference across R”. The current in R” must be:

=AY =@=11.6(A)
R" 156

The current in R’ is the same as the current in R”. We apply Kirchoff’s second rule around the loop in Fig. b3:

YAV=0 = Emf-1"R"=0 = Emf=11.6(2.56)=29.7(v)

loop



