HO 36 Solutions

1.) [I=4.8 A for 2 hours

1=22 s AQ=1-Ar=(48A)(72005)= (4.8 g)(7200 ) =

At S
2) AQ=72C,At=1hr,n=58x10"%¢’s/m*>,D =13 mm

AQ T72C
a) I=2%- -[002A
) = " 36005

002 A
b) I=ngv,A so v,=——= ( ) =l162x10° 2

ngA (5.8 X 1028m'3)(1.6 X 10"9C)(n(0.65 X 10'3m)2) 8

3) (=350mandD =206 mm

1.72 x 10%Q -m)(35
for copper p=1.72 x 10® Q'm R, = P ( . m)( 2m) =
A n(l.025 X 10'3m)

(244 x 10°Q - m)(35 m)

for gold p=2.44 x 10° @'m R, =P —_fo260Q

A n(1.025 x 107 m)

ot (147x10°Q-m)(35 m)

for silver p =147 x 108 Q'm Re, =—
A 7(1.025 x 10 m)

4) Dg,=22mm

1.72x 10%Q -m)(35 m
&=£=( )(2 )_ 452x10°2
t A n(1.1x10'3m) m
R p p ot |(275x10%Q m) .
Y . 5 SO r= = =139x10"m
oA ™R n(452x1039)
m

D=2r= 2(1.39 X 10’3m) -[278 x 10°m

5.) R =1.00 R for copper wire with diameter D = 0.750 mm and length /¢

ot Ra (100 2)x(0.375 x 10°m)’

R=— so (=—= =

A 0 (1.72 x 10°Q -m)

Terminal voltage is 20.2 V for the 24 V battery

) Vbl so r=fVe (4V=202V) rroooy

1 4A

b)  V,=V,=202V and V=IR or R=7='—=5.059
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7.)
Ideal voltmeter has infinite resistance and there will be no current.
a) |I=0
20Q
b) V,=E-Ir=50V-0=[50V]
c.) Voltmeter will read the terminal voltage of the battery V=V,=
8.) 50Q
a a.) Kirchhoff’s Loop rule:
1.6 Q 14 Q
+ + Going clockwise starting at b
— 160V — 80V
b = B Vl()V - Vl.6§2 - Vsog - V1.4g - st - V9,09 =0
90 Q ¢
16V-1(16Q)-1(50Q)-1(14Q)-80V-1(90Q)=0
8V ; -
8 V—1(17 Q) =0 and [I-= Ta =| 0471 A and is clockwise
b) V,=E-Ir=160V-(0471 A)(1.6Q)=[1525V
c) V.=V, -V  making point c¢ the reference point (i.e. V. =0).
V,=-1(90Q)+16 V-1(1.6 Q) =16 V- (0471 A)(10.6 Q)= 1101 V
V.=V, -V.=1101V-0=|11.01 V
9) 50Q
a a.) Kirchhoff’s Loop rule:
1.6 Q 14 Q . . .
_ + Going counterclockwise starting at a
— 160V — 80V
[ Visa + Viev = Voo + Vv = Visa = Vs0a =0
90 Q ¢
-1(1.6 Q) +16 V-1(9.0Q)+80V-1(14Q)-1(50Q)= 0
24V . .
24 V—I(17 Q) =0 and [=—+— =| 141 A and is counterclockwise
b) V,=E-Ir=160V-(141A)(1.6Q)=[1374V
c) V.=V, -V  making point c¢ the reference point (i.e. V. =0).
V,=1(90Q)-16 V+1(1.6 Q)= (141 A)(10.6 Q)-16 V= -1.05V
V.=V, -V.=-105V-0=|-105V
V. Vv? v: (18V)’
10.) P=369Wand V=180V P=lV=—V=— so R=—=-——"-={0878Q
> K W

11) V=120V and /=029 A P=1V and E=Pr=1Vi=(029 A)(12 V)(16,200 5) =[5.64 x 10°]]

t=45hr=16,200s
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1.) R, c R,
d e /\ﬁ r S
R R, =12Q,R, =200 Q,R; =300 Q,and R, =40.0 Q. The potential difference
’ R, between a and b is 96 V.
be P /\/
a.) R, .
¢ R, and R, are in series and can be replaced by their equivalent:
R R,, =60 Q
’ * Ry =R, +R,=20Q+40Q= 60 Q
b L4 d'
R,
ae /\/ R,, and R; are in parallel and can be replaced by their equivalent:
R, =20Q
! =L+L= ! + ! and R,, = 20Q
he Ry, R, R, 60Q2 30Q
¢ R,3, and R, are in series and can be replaced by their equivalent:
R,=32Q
! R, =Ry =R +Ry, =12Q+20Q= 320
b
b) ,
Vv 9% V
1, The current coming out of the battery is: [, =—2=——=3A
R,=32Q g Y ' R, 32Q
b This is the current through R, and the equivalent Ry;,. Also,
R, V,=IR =(3A)(12Q)= 36V and V,, =1R,;, =(3A)(20Q)= 60V
d e
L Ry =20 Q The voltage across R, and the equivalent R,, is the same as that across
their equivalent R,;, because they are in parallel.
b Ps

So, Vy=Vy, =V, = 60V

R, c
—I/\/_> I Also, 12=£=60—V= 2A and I3=&=60—V=1A
] ,Zl R, R, =609 R, 30Q R, 60Q
d

(Note that [, =1, +1;)

R R
de /\]/ ¢ ? Finally, I is the current in R, and R, because they are in series and have
/\/ the same current as their equivalent.
R, L
and  V,=IR,=(1A)20Q)=20V
be -
d

V,=I,R, =(1A)(40Q)= 40V

(Note that V,, =V, +V,)
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1.) b.) To summarize:

Resistor | Resistance Current | Voltage | Power
R, 12Q 3A 36V 108 W
R, 20 @ 1A | 20V 20 W
R, 30 Q 2A | 60V 120 W
R, 40 Q 1A | 40V 40 W
c.)
pP=1V, = (3 A)(96 V) = 288 W This is same as the sum of the individual powers for each resistor.
2) 30Q
Loop 1 Loop 2 a.) Applying Kirchhoff’s Loop Rule to Loop 1,
10Q 60 Q
120 Q
h L < E+8V=(2A)1Q)+(2A)3Q)+(6Q) (1)
=" ¢, T e Applying Kirchhoff’s Loop Rule to Loop 2
—_— el t s
T - . T_,_ pplying Kirchhott’s Loop Rule to Loop
= a
=204 §V=1(6Q)-15,(12Q) ()
Applying Kirchhoff’s Junction Rule to node a,
L+1,=1 or I,=2A-1 (3)
Combining equations (2) and (3): 8V=1(6Q)-(2A-1)(12Q)=-24 V+1,(18 Q)
32V=/(18Q) and I, -2V _ 1A
18 Q
Substituting this into (1): E+8V=(2A)1Q)+(2A)(3Q)+(1.78 A)(6 Q)= 1867V

& =1867V-8V1067 V]

b) I,=2A-1,=2A-178A=[022A

¢) Po=IV=I’R=(2A)(1Q)= Py =1V=1"R=(2A)'(3Q)=[12W]
Po=1V=PR=(178A)(6 Q) =[19W] By =1V =1I"R=(022A)'(12Q)=[058 W]

d) Pogy =1V =(2 A)(10.67 V) = Py =1V =(178 A)8 V) =
Power from batteries is: P, ... = Boerv + Poy =21.34 W+14.24 W =

Power dissipated in resistors: P, =P, + P+ P+ P o= 4W+I2W+19W+058W=[356 W
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a ) a.) Applying Kirchhoff’s Loop Rule to Loop 1:

R2V=[(1Q)+(3Q)+(2A)R=1(4Q)+(2A)R (1)

Applying Kirchhoff’s Loop Rule to Loop 2:

12V=1,8Q)+1,(4Q)+(2A)R=1,(12Q)+(2A)R (2)

Applying Kirchhoff’s Junction Rule to node a,
L +1,=1=2A (3)
Subtracting equation (1) from equation (2): 0= 12(12 Q) -1, (4 Q) =3l,-1, (4)
.. . 2A
Combining equation (3) and (4): 2A =41, and I,= T =05A and
I,=1-1,=2A-05A=15A

Returning to equation (1): 12V=1(4Q)+(2A)R=(15A)(4Q)+(2A)R=6 V+(2A)R

R=M=

(24)
b.) Found currents in part (a). Voltages are:
Ve=IR=(15A)(1Q)= 15V Vo=l R=(15A)(3Q)= 45V
Vie=L,LR=(05A)8Q)= 4V Via=LLR=(05A)(4Q)=2V  V,=IR=(2A)3Q)=6V

To summarize:

Resistance Current | Voltage
3Q 2A 6V
1Q I5A | 15V
3Q I5A | 45V
8 Q 05A | 4V
4Q 05A | 2V

a.) (Again)

Currents can easily be obtained by recognizing that I, and I, are in parallel branches and divide the current /.

R2
R +R,

1

[ —t (2A)=15A
4Q+12Q
RI
R, +R,

5=

]=( 4Q

)(2A)=0.5A
4Q+12Q

(R, is the total resistance of branch 1 and R, is the total resistance of branch 2.)
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4.) 20Q 40Q

/\/ a.) Applying Kirchhoff’s Loop Rule to Loop 1:

6.0\_/L 60Q ie.ov 6V+12V=(12Q+2Q)I, +(6 Q)I,
— LOOp 1 Loop 2
+ + 18 V=(14Q)I, +(6 Q)I, (1)
I, I, + I
12Q — 12V 8.0Q Applying Kirchhoff’s Loop Rule to Loop 2:
>

Applying Kirchhoff’s Junction Rule to node a,

6V+12V=(6Q),+(4 Q+8Q)I,
18 V=(69Q)I,+(12Q)I,

@

I,+1,=1, (3)so I, =1,-1, (3%) and substituting this into equation (2) gives:

18 V=(6Q),+(12Q)(1,-1,)
18 V=(-12Q)I, +(18 Q)I, (2%)

Multiplying equation (1) by 3 gives: 54V=(42Q)1 +(18 Q)I, (1%)

and subtracting equation (2*) from (1*) gives: 36 V= (54 Q)I1

. 18V+(12Q)1, 18 V+(12Q)(0.67 A)
From equation (1*): I, = =

18Q 18Q
Finally, from (3%): I, =1,-1, =145A-0.67 A=0.78 A

Voltages are:

Vo=l R=(067A)(2Q)= 134V  V,,=LR=(067A)(12Q)= 8V

Via=1,R=(078A)(4Q)=3.12V  Viq=1,R=(078A)(8Q)= 624V

To summarize:

Resistance Current | Voltage
2Q 067A| 134V
12 Q 067A| 8V
4Q 078 A| 3.12V
8 Q 078 A| 624V
6 Q 145A| 87V

b.)

Py =1,V =(0.67A)(6V)=[4 W]
Py =1,V =(0.78 A)(6 V) =[4.7 W]

By =1V =(145A)(12V) =

36V

and [, =——=067A

54 Q

=145A

Via=L,R=(145A)(6 Q)= 87V
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Alternative solution using Mesh Currents:

4 0Q
a.) Using Loop Method (Mesh Currents):

_ 60V 12V+6 V=(20Q)I, +(6 Q)I, (Loop 1)
18 V=(20Q)I, +(6 Q)I, (1)
18 V=(6Q)1,+(18 Q)I, (2) (Loop 2)

Multiplying equation (1) by (3) gives: 54 V=(60 Q)I, +(18 Q)I,

and subtracting equation (2) gives: 36V = (54 Q)I1 and [, = ;?_g\; =0.67 A

From equation (1): 3A=333/,+/, and [,=3A-333] =3A- 3.33(0.67 A) =078 A
1, is the current in the 2 € and 12 Q resistors.
I, is the current in the 4 € and 8 Q resistors.
I, + I, = 1.45 A is the current in the 6 Q resistor.
Voltages are:

Vo=l R=(067A)(2Q)= 134V  V,,=LR=(067A)(12Q)= 8V

Via=LLR=(078A)(4Q)= 312V  V,,=1,R=(078A)(8Q)= 624V V,=IR=(145A)6Q)= 87V

To summarize:

Resistance Current | Voltage
2Q 067A| 134V
12 Q 067A| 8V
4Q 078 A| 312V
8 Q 078 A| 624V
6 Q 145A| 87V

b.)

Py =1,V =(067 A)(6V)=[4 W]
Py =1,V =(0.78 A)(6 V) =

Py =1V =(145A)(12V)=
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Ri=R,=R;=R,=10Q,and R;=2.0 Q.
The voltage across the battery is 13 V and it has no internal resistance.

Applying Kirchhoff’s Loop rule on Loop 1:

E=IR+I,R, or 13V=[(1Q)+,(1Q) ()

Applying Kirchhoff’s Loop rule on Loop 2:

0=1I1R -1,R,~1,R, or  0=1(1Q)-1,(19)-1(1Q) ()

Applying Kirchhoff’s Loop rule on Loop 3:

0=I,R,+I,R,-I.R; or 0=L1Q)+1,(1Q)+1(2Q) 3)

Applying Kirchhoff’s Junction rule on junction a:
I=I+I,and0=1-1-1, (4

Applying Kirchhoff’s Junction rule on junction c:
L +1,=1,and0=1 +1,-1, (5)

Applying Kirchhoff’s Junction rule on junction d:
I,=1,+I;and0=1,-1,-15 (6)

We have six equations with six unknowns. Setting up a matrix gives:

0 1Q 0 0 1Q o0 1[1] [13V]
0 1Q -1Q -1Q 0 0 |11 0
0 0 0 1Q 1Q 2Q||l, 0
1 -1 -1 0 0 o0 ||n]l]o
0 0 1 -1 0 ||, 0
0 0 1 -1 0 -1 ]|I5] | O]

using matrix operations on a calculator: I=11A,I,=6A,L=5A,L=1A,I,=7TA, andI;=4 A

Resistor | Resistance Current | Voltage
R, 1Q 6A 6V
R, 1Q 5A 5V
R, 1Q 1A 1V
R, 1Q 7A 7V
R 2Q 4A 8V
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b.) The equivalent resistance is found using the current () from the battery. (Nothing is in parallel or series so
ordinary methods for finding equivalent resistance will not work.)

& 13V
V=IR and &=1IR sO R =—=—=(1.18Q
eq eq I 11 A

(Solution using Mesh Currents)

Ri=R,=R;=R,=10Q,and Ry =2.0 Q.
The voltage across the battery is 13 V and it has no internal resistance.

a.)
Applying Kirchhoff’s Loop rule on Loop 1 (the loop containing /,):

E=L(R +R,)-LR -I;R, or 13V=[(2Q)-1,(1Q)-1,(1Q) ()
Applying Kirchhoff’s Loop rule on Loop 2 (the loop containing I,):

O0=-LR +1,(R +R,+R,)-1;Ry or 0=-1(1Q)+1,(3Q)-1,(1Q) (2
Applying Kirchhoff’s Loop rule on Loop 3 (the loop containing I5):

0=-IR, - LR, +I;(Ry+R, +R;) or 0=-1(1Q)-1,(1Q)+1;(4Q) 3
We have three equations with three unknowns. Setting up a matrix gives:

2Q -1Q -1Q][1] [13V
-1Q 3Q -1Ql{L|=| 0
1Q -1Q 4Q| (L] | 0

using matrix operations on a calculator: I, =11 A,,=5A,and ;=4 A
for R, the current throughitis I, -1, =11A-5A=6A
for R, the current throughitis /, =5 A
for R; the current throughitis I, -1, =5A-4A=1A
for R, the current throughitis I, -1, =11A-4A=T7A

for Rs the current throughitis /I, =4 A
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With no current through the galvanometer, the current through R, and R; is the same and equal to /;.
Also, the current through R, and R, is the same and equal to /,.

The potential at point c is the same as the potential at point d (There is no current through the meter, therefore there
is no voltage drop since V; =1;R; =0). Therefore,V, .=V, and V, =V,,.

Using Ohm’s Law:

forR, V, =V, =ILR andforR, V., =V, =I,R,

ac

R
since V,. = V,, it follows that I\R, =I,R, or I, = 12?2 (1)

1
forRy; V,,=V,=IR, andforR, V., =V, =1,R,

R
since V,, =V, it follows that I|R,=I,R or I =1, R—" 2)

3

Comparing equations 1 and 2 it follows that: I, —==1,—* and

> | =

w

Therefore: R, = RRy

1

Method 2:

When bridge is balanced there is no current through the galvanometer.

Therefore: I, =1,

Applying Kirchhoff’s Loop rule on Loop 2 (the loop containing I,):
0=-LR +1,(R +R,) (1)

Applying Kirchhoff’s Loop rule on Loop 3 (the loop containing I5):
0=-LR,+I5(R,+R,)=-I,R;+,(R, +R,) (2)

LR,

(R +R,)

1,R,

From equation 1 it follows that: [, = W
3 + X

and from equation 2 it follows that: [, =

LR, _ IR,

Therefore:
(R +R,) (R;+R))

and R(Ry+R,)=Ry(R +R,) and RR;+RR, =R;R +R;R,

R.R
so RR,=R,R, and R =—2%

1
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Another look at Problem 3:
3) 300 80 Q

a.) /\/ a /\/
1.093 1=20A~ R 24.09 4.093 1=20A~ R 212.09

— 12V = 12V

The equivalent resistance for the entire circuitis: R, = =——=6Q

Req=R+3Q=6Q so R=3Q
1=20A— R 23.09

— 12V

L
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1) Rey=5009,1, =300 uA

Ammeter reading 10 A full scale.

Voltage on R.; and Ry, are the same (they are parallel).

or I, R

5 oil =

Voil =V

c shunt

LR = (1 =1 )R

shunt ™ *shunt

I

shunt

=1-1;

IR, (300x10°A)(50 Q)

_ ol _ _ 3
R“‘““‘_(I-I,.S) (10A-300x 10°A)

Voltmeter reading 500 V full scale.

V, =V, +V,

coil

=I,R +IR

fs7 Feoil

V., ~1,R. (500 V(300 x 10°A)(50 @ )

A (300x 10°A)
2)
a.) Voltmeter reads 44.6 VsoV, =446 V.
V,=LR so I,= Vop 346V _ 0.0766 A
T R 582Q
1
+ ||| - Applying Kirchhoff’s Loop rule to loop with battery:
| I
90V (90 V-446V)
WOV=446V+1(429Q) and I =———""=0.1058A
(429 Q)
At junction a: I =1,+I, or [I,=1-1,=0.1058A-0.0766A= 00292 A

Finally the meter is parallel to 582 Q resistor and has same voltage.

b.)

The meter resistance is parallel to 429 Q resistor and their equivalent
resistance is:

I'T 582Q 4290 Lo i ad R,=33490

R, 1527Q 4290
* i| —

90V

This is in series with the 582 € resistor so their equivalent resistance is:

R, =3349Q+582Q=9169 Q

I‘T 582Q  3349Q Also: I =22 2 Y __ 00982 A

+ [~
I|I
I

90V The voltmeter reads V,, and V,, =R, =(0.0982 A)(3349 Q) =[329 V
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3) The meters will deflect full-scale when the voltage across them is 150 V:
For meter 1: 1y =K=L\Z= 001 A
R, 15x10°Q
120 vV
For meter 2: Iy, =1=ng= 0.001 A
R, 150x10°Q
The actual current through eachis: I = Viov 120V = 727x10*A
R+R, (15x10°Q+150x10°Q)
. . I
Reading on each meter will be: V veter = Vﬂ,[l—
5
I 727x 10" A
so V =V,|— =150 V)| ————|=[109V
meterl st Ifsl ) ( )( 001 A )
(Note that the sum is 120 V)
I 727x 10" A
and V =V,|—|[=(150 V)| ———|=| 109.1 V
meter?2 fVZ(IszJ ( )( 0.001 A )
4)
Applying Kirchhoff’s Loop rule: Vo, = Ir + IR,
p= oy 10V 5574
(r+R,) (583Q+478Q)
r=583Q 100V
The terminal voltage V,, is: ~ V,, = Vg, —Ir =100 V-(0.207 A)(5.83 Q) =(98.8 V
5.) 280V R
Il|i /\/ a.) Applying Kirchhoff’s Junction rule at junction a:
400A ||1
X +— _ _ _ _
| ——\ a 6A=I+4A so [=6A-4A=[2A]
6.00 Q
¢ b.) The 3 Q resistor is parallel to the 28 V battery and R so they have the same
/\/ — voltage.

Vio=IR=(6A)3Q)= 18V and Vi, =V, -IR

Therefore: R = (VZBV _ Vm) = (28 v-18 V) =

1 2A

c.) The 3 Q resistor is also parallel to emf € and the 6 Q resistor so they have the same voltage.

Vio=E-IR and €=V39+1R=18V+(4A)(6Q)=

280V R=5Q

d) [k
| | Applying Kirchhoff’s Loop rule: V., =V, + V. = IR+ IR,
1
I= Vw28V =35A
A, (R+Ry) (5Q+3Q)

3.00 Q
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6.) V=360V
a.)  With switch open the circuit is equivalent to: V= ?6'0 v
6.00 Q 3.00 Q
J 6.00 Q 3.00 Q
a b
3.00 Q a b
3.00 Q 6.00 Q
3.00 Q 6.00 Q
-

- 1

V=0 —

V=360V V=360V

This reduces to : T and finally:
9.00 Q 9.00 Q 1 4.50 Q
Viy 36V V=0
The current from the battery is: [ = % = 150 =8 A and this is split equally between the 9 Q equivalents.
eq -
V=360V
6.00 Q 3.00 Q So: V=V —Vig=Vigy ~IeoReo =36 V-(4 A)(6 Q) =12V
a I=4A b
V, =Vigy = Vig = Vigy —I3gR3a =36 V- (4 A)(3Q) =24V
3.00 Q 6.00 Q
T It follows that: ~ V,, =V, -V, =12V-24 V=
V=0

b.) Closing the switch the circuit becomes:

V=360V
T lc
Loop 2
600 Q 3.00 Q L oygg bl S 3000
s | .
a b V=360V \/ b
3.00 Q I .
300 Q 6.00 O ks Loop3 4 7600
[
V=0

The circuit is like the bridge circuit on HO 36 with nothing in parallel or series.
Applying Kirchhoff’s Loop rule on Loop 1:

36 V=1,(69Q)+I1(3Q) ()
Applying Kirchhoff’s Loop rule on Loop 2:

0=1,(3Q)+1,(3Q)-1,(69Q) (2



HO 38 Solutions

6.) b))
Applying Kirchhoff’s Loop rule on Loop 3:

0=1,(3Q)+1,(3Q)-1,(69Q) 3)
Applying Kirchhoff’s Junction rule on junction c:
I =1,+I,and0=1,-1,-1,
Applying Kirchhoff’s Junction rule on junction a:
I,+I1,=1;and0=1,+1, -1,
Applying Kirchhoff’s Junction rule on junction b:
I,=1,+I;and0=1,-1,-1

We have six equations with six unknowns. Setting up a matrix gives:

0 6@ 0 0 3Q 0 |[1] [36V]
0 0 0 3Q 3Q -6Q||I, 0
0 6Q 3Q 3Q 0 0 || 0
1 -1 -1 0 o o ||l]7|o
0 1 0o 1 -1 0 || 0
0 0 1 -1 0 -1]|5] | O]

using matrix operations on a calculator: [, =857 A, I, =343 A, =514 A,1,=171 A, I5=5.14 A, and [(=343 A

The current through the switchis: [ .. =1,=|171A

c.) The equivalent resistance is found using the current (/,) from the battery. (Nothing is in parallel or series so
ordinary methods for finding equivalent resistance will not work.)

V=IR and V,, =IR,s0 Req=%=83;5—7\;= 420 Q
. )

(Solution using Mesh Currents)

b.) Closing the switch the circuit becomes:
V=360V

! |

6.00 Q 3.00 Q 6.00 Q @ 300 Q

s + 300 Q
a b v=360vV =| 1, a \/ b

300 Q - .

300 Q 6.00 Q 3.00 Q 3 6.00 Q
|

V=0

The circuit is like the bridge circuit on HO 36 with nothing in parallel or series. Using Loop Method:
Applying Kirchhoff’s Loop rule on Loop 1 (the loop containing /,):

36 V=1(9Q)-1,(6Q)-1,(3Q) ()
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Applying Kirchhoff’s Loop rule on Loop 2 (the loop containing 1,):
0=-1,(69Q)+1,(12Q)-1,(3Q) (2
Applying Kirchhoff’s Loop rule on Loop 3 (the loop containing I5):
0=-1,(39Q)-1,(3Q)+1,(12Q) ?3)
We have three equations with three unknowns. Setting up a matrix gives:

9Q -6Q -3Q]|[1] [36V
6Q 12Q -3Q||L|=| 0
3Q -39 1rel|n| | o

using matrix operations on a calculator: [, =857 A,I,=5.14 A,and ;=343 A

The current through the switchis: [ ., =1,-1,=514A-343A=|1.71 A

VC C
7) RC|=|Q-F|=| —— |=| 7—= |=]|s
) rC[]@ R[] VS [ C)[]
s
8.) ¢ R
|| \/ Attime 1=0,1,=8.6x 10* A,Q, =0,and RC=57 s = 7.
When switch is closed uncharged capacitor has no resistance and
E=200V S
* |
I
! E=IR so R=£=LV4= 233x10°Q
I, 8.6x107A
RC=7 so C=%=_ 7% _Husx10°F
R 233x10°Q
9) C=340uF R=725kQ
| | -
1] \/ 0,=0
Find the time for the current to decay to i = 0.0185 A.
E=180V s
+ | t t

I _t _r
| For charging:  i(t) =1 ¢ = %e RC

The time that the current is 0.0185 A is:
7.25x10°Q)(0.0185 A)

180V

t=-RC Inl Rl—(t)) - -(7.25 X 1039)(3.4 X 10’6F)ln ( =725x 107
£

The charge on the capacitor is:

7.25x 1035
725 1039)(3.4)( 10'6F)

t

1- e'RC)= (34x10°F)(180 V)|1-e (

=156x10*C

q(t):Qf(l—e_R[C)=C£
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9.)
Method 2:
Realizing that the sum of the voltage on the capacitor and resistor must always be 180 V and at the time when
i=0.0185A:
vy =iR =(00185 A)(7.25x 10°Q) =134.1 V
E=vp+v, 30 v, =E-vpv.=180V-1341V=459V
The charge is g, =Cv, = (3.4 X 10’6F)(45 9V)=156x10"C
10.)
On capacitor V, = 15 V and after 5.00 s voltmeter reads 5.0 V.
R,=225MQ The voltmeter reads the voltage on the capacitor soatr=5s,v.=50V.

|_

c

t

While discharging the voltage on the capacitor is: v(t) = Voe_E

Solving for C:

(1) SV)

"’) (2.25 X 1069) ln(
v 15V
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1.) C=6.74uC R=603kQ C =674 uC R=603kQ
] |
' 4% 0.=0 \/
0,=0
E =273V S E =273V
+I|| +||I

| I
Right after the switch is closed.

a.) The capacitor is uncharged and v, = % = @

b.) The voltage across the resistor v, = £ =273 V

c.) The charge on the capacitorg=Q_ = @

V E 273V
d.) The current through the resistor i, =% =—=——""_—__=(0.0453 A
) g ¥R R 603x10°Q 00453 A

) Co674uC R=603kQ
Q=c¢ A
’ i=0 a.) The voltage across the capacitor v, =& =|273 V

b.) The voltage across the resistor v, =iR =|§|

E=273V
alf{
|

A long time after the switch is closed.

c) The charge on the capacitor =0, =CE = (6.74 X 10’6F)(273 V)=|1.84x10°C

d.) The current through the resistor i, = IEI

C=750yF,E=360V

a) Q,=C&=(75x10°F)(36 V)=[27x 10°C]
b.) C](l)=Qf(1—e;C) SO ln(l 4lt) =

-t

"0, ) RC

-(3 X 10'3s)

and R= ! = =
c ln(l _dl)

t (225 X 10'6c)
J (7.5 X 10’5F) | e A
s (270 X 10'°c)

_ -t

RC

¢) Q(t)=Qf(1—e;é) so ln(l—%;)

and t=-RCIn

1-%) -(223Q)(75x 10'°F)1n(1 - 0'9Qng ] =[7:70x 10|

f !
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C=400uF,£=24.0V,and R =950 Q

—(0.05 s

-t 106
- C6(1 — e ] = (40 x 10°F)(24 V)| 1 - Qlroalomwe) |

q (7.02 X 10’4C)

b) VC=E=W= and £=VR+VC or VR=(€—VC=24V—]7.6V=

C.) VC=E=W= and 0=VR+VC or VR=—VC=

—(0.05s
il <106
4 df)=0.e% =(102x 10°c)e ) [Tggx10°C]
S S
4) —
+

1100 uF

12 kQ 3.0kQ 12kQ 30kQ

At steady state.

a.) At steady state the capacitor is fully charged and current has decayed to zero.

The current through the 3.0 k2 resistor

The current through the 15 k€ and the 12 kQ resistors is the same since they are in series.

i1=&= oV =[333x 10" A
R,, (15,000 Q+12,000 Q)

b.) The voltage on the capacitor is the voltage on 15 kQ resistor. (No voltage drop on 3 k€ resistor.)

Ve =ve =iR, =(333x 10% A)(15,000 Q)= 5V

The charge is: . = Cv, =(10x 10°F)(5 V) =|5.0x 10°C

c.) When the switch is open the capacitor discharges into the series combination of the 3 kQ and 15 k< resistor.

-t
i ve(0) CR; 5V (15000 ©+3000 Q)(IO x 10-61:)
2 o = =

€
R, (15,000 Q +3000 Q)

—t -t

(278 x 10 A)e(o’18 9

eq

=t
R,C

d) ‘I(f)=QOCRe"C $0 ln(?

(1) oR)1nf 922,
and t=—ReqC1n(Q—o)=—(18,OOOQ)(IOX10 F)ln( 5 )=

0
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5) S a S a
+ —
— 120V 3.00 uF The circuit is equivalent to: 1 + 6.00 Q
- 500 Q (resistors in series capacitors in series.) T 120V
r=100Q ) == 200 uF
6.00 uF
b b
a.) time constantis T=R,C, = (6 Q)(Z X 10’6F) =[12x107s
b.) The final charge on the 3 uC capacitor is the same as the final charge on its equivalent.
0,=C,V=(2x10°F)(12 V)= 24x10°C
—t
The charge at any time is: q(t) =0,1- e fedcea (both capacitors have same charge at all times)

-1

So the voltage on the 3 C capacitor at any time is: v(t) = % 1- gl
24x10°C

When ¢ = t the voltage on the 3 C capacitor is: v(t)= (—)(1 —e ) =[5.06V
(3x10°F)

6.)
1Q 8Q 1Q 8 Q
+ +
= 10V =10V i
) 40 20 ) 4Q 20
A

After a long time, capacitor is fully charged.
a.) When the capacitor is fully charged, no current passes through it.

N reror-y R N TP T R

V, =V =Vie=10V-(2A)1Q)= 8V and V, =V, -Viq=10V-(1A)8Q)=2V
The voltage on the capacitoris: V, -V, =8 V-2V =

3.6

o)

b.)

©
Lo}

1

The equivalent circuit
while discharging.

s o
<.\> 4>
0 Q

T

W(1)=V,e" ™ or t=-R,C ln[g

o

--(369)(1x 106F)1n(%) -[8.29 x 10°]

o



