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SEGMENT 41

PREFACE TO REVIEW SEGMENTS

This volume of your Self-Paced Physics course con-
tains five Review Segments which have been carefully
arranged to match corresponding sections of your
PROBLEMS AND SOLUTIONS. You may find the grouping
below helpful in organizing your review time.

Review Segment Covers Topics in Study Segments

41-A 19 through 23
41-B 24 through 27

41-C 28 through 31
41-D 32 through 36

41-E 37 through 40

The review problems are numbered in sequence in each
Segment. Previous study problem(s) to which each re-
view problem relates is shown in parentheses following
the review problem number.

For example, review problem 3 in Segment 41-A iden-
tifies the related material as

3 (20-9, 20-5, 19-15)

which means that the topical substance of review
problem 3 contains concepts and operations which
are also involved in Segment 20, Problem 9; Segment
20, Problem 5; and Segment 19, Problem 15.

We recommend that you establish a pattern of review
which will make full use of this back-referencing
system. Despite the fact that there is almost
an infinite number of ways to state a problem in a
given field, the number of relevant concepts and
operations are limited. By referring to the original
problems before or after solving the review problem,
you will be able to view the essential operations
and procedural sequences from several different
vantage points. It will enable you to isolate and
organize the essential concepts that are common
to so many problem situations.

next page



ii SEGMENT 41

continued

Each Segment is accompanied by its own individual
STUDY GUIDE. And, as in the learning Segments,
the problems are in numerical order but the solu-
tions are scrambled so that the latent image STUDY
GUIDE must be used to locate the solution in which
you are interested. You will observe, however, that
the STUDY GUIDES for the Review Segments differ from
those you have used previously in that there are no
references to Information Panels, Audiovisuals,
assigned reading, or homework. All review problems
are to be solved by everyone; there are no alter-
native paths. Finally, no provision is made for
true-false follow-up questions or answers in the
solutions or STUDY GUIDE.

Completed STUDY GUIDES should be submitted for
evaluation to your instructor in accordance with
previously established procedures.

Good luck.



SEGMENT Li -A 1

1 (19-11). A charge Q = 6.0 coul is to be divided into two parts and
placed a distance R = 10 m arart. Find the maximum force of repulsion.

2 (20-1). A charge q is placed in an electric field E. Write an expres-
sion for the force acting on the charge.

3 (20-9, 20-5, 19-15). (a) Find the magnitude and direction of the
electric field at the center of the square due to the charge distri-
bution shown in the diagram. Assume that q = 1.0 x 10-8 coul and
R = 5.0 cm. (b) If an additional charge +Q = 5.0 x 10-8 coul is
placed at the center of the square, find the electric force F acting
on the charge Q.

4 (20-13). A semi-infinite insulating rod carries a constant charge per
unit length X. What is the angle 0 that the electric field at P makes
with the rod?

+ + + + + + + + + +



2 SEGMENT 41-A

5 (21-1). Two infinitely long wires A and B have uniform charge densities
of XA = 3.0 )4 10-6 cou.lim and XB = +6.0 x 10-6 coul/m respectively. The
wires A and B are 6.0 m apart. Find the distance from wire A between
wires A and B such that the electric field at the point is zero.

6.0m

6 (21-14, 21-10, 19-1, 19-2). A constant electric field E is applied to
a charge q with mass m. Find an expression for the acceleration of the
charge in terms of t, q, and m.



SEGMENT 41-A 3

7 (22-4, 22-1).

A
k

An electric dipole, consisting of opposite charges each of magnitude
3.2 x 10-19 coul, is arranged as shown in the above diagram. What is
the magnitude and direction of the dipole moment?



4 SEG:TENT 41-A

8 (22-9, 22-5). Study the
on edge is placed in a uni.
The missing surface is in
the surface.

-4
E = 10i

An open cubical surface 5
i,..1(1 of 10 newtons per caul,

0. Find the electric flux ;..

_5m
I

X



SEGMENT 41-A 5

9 (22-14). A spherical surface of radius 5 meters is shown in the diagram.

What is the value of the electric flux ' through the spherical surface?

f=10t nt/coul

-*

y

10 (23-5, 19-6). A hollow conductor initially carries a charge of

+3 coul. Then an object carrying a charge of -2 coul is introduced

into the interior of the conductor. Finally another object of charge

-4 coul is brought close to the outside of the conductor. Find the

net charge on the outer surface of the conductor.

11 (23-9). Write the relationship between electric flux (1)E through a

closed surface and the charges enclosed within that surface,

ql, q2, '", cln

12 (23-17, 19-5). A long, nonconducting solid cylinder is uniformly

charged with charge density p. Find the electric field E inside the

cylinder as a function of r, the distance from the cylinder axis.



6 SEGMENT 41-A

13 (23 -21). The figure below shows a portion of an infinitely long wire
with a uniform charge X = 2 coul/m. Apply Gauss's law to determine the
electric field at point P which is a distance of 2 m from the wire.

14 (23-23, 23-22, 21-5). Two concentric conducting spherical shells have
radii R1 = .2 m and R2 = .3 m. The inner sphere carries a charge
-6 x 10-2 coul. An electron escapes from the inner sphere with negligible
speed. What is the magnitude of the electron's acceleration at the in-
stant it escapes into the region between the two spheres?

15 (23-24, 23-1, 20-18). A hollow sphere and a solid sphere each of radius
R are both uniformly charged. Is it possible to identify each simply by
measuring their respective electric fields at various points inside and
outside the spheres?

16 (23-25). Two coaxial hollow metal cylinders of length L with radii a
and b (b > a) carry charges +q and -q respectively. Find the magnitude
of the electric field at a point r > b, measured from the common axis.



SEGMENT 41-A

[a) CORRECT ANSWER: 250 nt-m2
coul

We could easily consider the problem in six steps by saying

4)2 (3 44 °5

where

and

= flux through the side facing the E field,

(i52, (3, (154, (156 = flux through the sides with

edges parallel to the x-axis,

= flux through the side on the back of the
cube from the E field

-*

The area vector dS is pointing outward from all the surfaces and conse-
quently we can see the surfaces 2, 3, 4, and 5 all have area vectors
perpendicular to the electric field. Therefor ,

(1)2 = 03 04 °5 = °

Thramgh side one S = 0, so

0

Through side six,

or

Finally,

or

O6 = ES cos0°

(156 = ES

= 0 + ES

(15E = ES = 10 (5 x 5) = 250 nt-m2/coul

7



8 SEGMENT 41-A

[a] CORRECT ANSWER: Yes

Choosing a spherical Gaussian surface of radius r, we find that for either
sphere

ct, = = ES
E Co

where 0 is the total charge of the sphere.

We know that for a sphere

S = 47r2

Therefore,

r 411-ci-1

We conclude that an electric field due to a spherical charge distribution
acts as if a21 the charge were located at the center, that is, when r is
greater them the radius of the distribution.

This resul ho14s for all spherically symmetric distributions, so wc: can-
not know ix a :1.phere is hollow or solid just by measuring the electric
field outs. of the sphere. However, the electric field inside the
hollow spr, ze is zero since there is no net charge inside a Gaussian
surface of. radius r < R. On the other hand, for a solid sphere we may
write, using Gauss's law,

or

4orr2 = p L-r3
3

OT

3E0

r <

where p is the ronstant charge density.

[b] CORRECT ANSWER: F = qE

The electric field is defined by the relation

. cif

where is electrostatic force on the charge.



SEGMENT 41-A 9

[a] CORRECT ANSWER: Or

2c0

A Gaussian cylinder inside the nonconducting cylinder yields

ES = -g
Co

where q represents the net charge enclosed by the Gaussian cylinder. IF

p is the charge density (coul/m3) within the nonconducting cylinder,
then

q = (rrr2L)p

Gaussian cylinder non-conducting cylinder

L

4 7,
/

1

/

Notice that wr2L is the .2)olume of the Gaussian cylinder. Therefore,

71-r2Lo
ES -

Co

If we substitute for S the relationship for the area of the Gaussian
cylinder, we obtain

7r2LP
E(2wrL) -

o

This expression can'be reduced to.'

E
pr

2e0
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[a] CORRECT ANSWER: 45°

SEGMENT 41-A

The electric field at P due to a charge element Xdx is given by the
expression

y

dE
1 Xdx

4Tre
o

R2 + x2

d x

The x and y components of this field are

and

dEx = -dE cost) = -

dE = -dE sing)

1 Adx

1tors kR2 + x2 R2 14. R2)

1 / Xdx

4rE0 kR2 + x2 k2 141. x2)

The x and y components of the field at P is obtained by integrating dEx
and dE over x from 0 to co=

Axdx1Ex 4 dEx = -
4Tre 23/2

1 X

0 (Ro (R2 + x) 471.60 R

1 ARdx 1 X
Ey =

0 j

.1* dE, = - (R2 + x2) 3/2 = 471-co R
L-

o 0-

Since Ex = Ey, it is clear that the Angle a is 45°.

Tb] CORRECT ANSWER: Zero.

In the absence of sources ox-sinks, the flux through any closed sisttace
is zero. This really says that for continuous flair "what goes in lie
closed surface must come out."



SEGMENT 41-A 1.1

[a] CORRECT ANSWER: 8.1 x 10 nt

Let the charges be q and (Q - q) . The , the coulomb force of
repulsion F due to charges q and (Q - q) distance R apart is

F = q q)
4760 R2

(1)

F is a function of q, and in order to maximize F, we defferentiate F with
respect to q and equate to zero. Thus

Therefore,

dF Q 2q

dq 4rEo R2 47e0 R2

0
q =

for maximum elerrTastatic repulsion.

The maximum force of repulsion Fmax is obtained by substituting q =
0

in equation (1). Thus

-)2/A

- 8.1 x 10 ntPmax 47E,0 R2

[b] CORRECT ANSWER: 1 coul

To solve this problem, we should first determine how much charge is going
to be on the inner surface of the conductor. For this purpose, we can
apply Gauss's law by choosing a Gaussian surface which lies within the
conriurtor. .Since we know that E = 0 within any conductor, the net charge
within the Gaussian surface must be zero. This means that the inner con-
ductor surface must have a charge of +2 coul since there is a charge of
-2 caul inside the conductor.

Therefore, with +2x:oul on the inner surface, the outer surface must have
a charge of +1 coul.

When another charg* me -4 coul is brought near the conductor, nothing
changes insofar ati the net alarges are concerned. Of course, the external
Charge sall int..hie-me the Alstribution of charges over the outer surface
bit the met char g remains .unaffected.



12 SEGMF -A

[a] CORRECT ANSWER: 1.8 x 1010 nt/coul

Gauss's law gives

ofg8'= q

From symmetry, 1 due to a uniform linear charge can only be radially direc-
ted. As a Gaussian surface, we choose a circular cylinder of radius r

and length L, closed at each end by plane caps normal to the axis. E is
constant over the cylindrical surface and the area of the surface is 2rrL.
There is no flux through the circular caps because E here lies in the sur-
face at every point. The charge enclosed by the Gaussian surface is XL.
Gauss's law

4 4
o

EdS =q

then becomes

co E 2rrL = AL

whence

E
X

-
27rcor

Substituting numerical values, we obtain

2 2
E -

27rco(2) 47rco - 2 x 9 x 109= 1.8 x 1010 nt/coul

[b] CORRECT ANSWER: a =

The force on q due to is

4 4
F = qE

and, from Newton's second law,

or

Finally,

4 -4-

F = ma

4 +
qE = ma

=



SEGMENT 41-A
13

[a] CORRECT ANSWER: a) 2.0 x 105 i nt/coul b) 1.0 x 10-2 i nt

a) The magnitude of electriq field due to a charge q at a distance r from
the charge is

E -
4iTE0r2

The direction of is is radially outward from q when q is positive, and in-
ward when q is negative. Therefore, the field at the center due to charges
placed at corners a and c is

Eac -
4Tre (-1)2 tore 7coR2o o

v2

and is towards the corner c. Similarly

Ebd 7it

q

0 R2

and is towards the corner d, and

Therefore

Ebd

2q
co s45° i

7coR2

E = 2.0 x 105 nt/coul

and is towards the positive x-axis.

b) The force on a charge Q placed at a point where the field is E may
be computed from

Therefore

F = EQ

F = 1.0 x 10-2 nt

and is directed towards the positive:x-axis. The force may also be cal-
culated using Coulomb's law and is left as an exercise for the student.



14 SEGMENT.41-A

q + q
[a] CORRECT ANSWER: (1)E - 1 2 qn

c
o

The relationship for flux, inrespective of the size or shape of the closed
surface, is

Eq,

co

where Eq is the algebraic sum of all charges inside the closed surface.

In this case, ql, q2, qn are interior to the surface, so

q + q
2
+ q

(PE c
o

[b] CORRECT ANSWER: Zero

The magnitude of the electric field may be obtained by using Gauss's law:

Co EdS = q

life may choose our Gaussian surface to be a coaxial cylindrical surface
of length L and radius r > b. Since the total charge contained inside
the Gaussian surface is zero and E on this surface is constant, we obtain

Therefore

co E 27rrL = 0

E = 0

[c] CORRECT ANSWER: 1.6 x 10-21 3 coul-m

The dltpol.--moment p due to the given pair of charges of magnitude q and
separated by a distance St is given by

7 = 9q j

Since the dipole moment vector is directed from (-) toward the (+) charge
Along the dipole axis. Therefore,

71; = 1.6 x 10-21 j coul-m



1-

SEGMENT 41-A 15

[a] CORRECT ANSWER: 2.0 m

The magnitude of the electric field due to an infinite line charge a

distance r is given by

X

E 2rcor

and is away from the charge for positive X and towards the charge for
negative X. We are asked to find a point between A and B such that the
electric field is zero. Therefore,

XA x
B

o
27cor 27E0(6 - r)

where r is the distance in meters from,
point A, or

Therefore,

3 / 1 2
0 =

27reo k r 6 - r )

2 r = 6 - r or r = 2.0 m

[b] CORRECT ANSWER: 2.4 x 1021 m/sec2

A

6 r

6.0 m

The electric field in the region between two shells may be obtained from
Gauss's law:

cojr EdS = q

Thus the magnitude of the electric field at the surface of the inner
sphere is

1. q 9 x 109 x 6 x 10-2 =
47e R 2 (.2)2

1.4 x 1010 nt/coul
0

The acceleration on the electron at the surface of the inner sphere is

a = = 1.76 x 1011 x 1.4 x 1010 = 2.4 x 1021 m/sec2
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1 (24-1). A particular electric field can be described by the following
equation:

= 4x2

How much work must be performed to move a charge q = 3.0 coul from x = 10 m
to x = 5.0 m?

2 (24-11). What is the electric potential at a distance 3 x 10-3 m from
a charge of 3 x 10-5 coul?

3 (24-15). Two charges, ql and q2, are a distance 2 a apart. Find the
potential due to the system of charges at point P shown below (q1 and q2
are equal distances from the vertical line).

P

q2

2 a



2 SEGMENT 41-6

4 (25-1). An electric potential at a point (x, y, z) in rectangular coor-
dinates is given as

V= C(x + y + z)

where C is a constant. Find an expression for the force exerted on a
charge q at point (x, y, z).

5 (25-6, 24-6). What is the charge density on the surface of a conducting
sphere of radius 0.10 m whose potential is 500 volts?

6 (25-10). A circular metal ring has a radius a and charge per unit length
X uniformly distributed over the ring. What is the electric potential at
a point on the axis at distance y from the plane of the ring?

7 (25-14). Calculate the work required to assemble the three charges
shown in the following diagram, starting with the charges at infinity.



SEGMENT 41-B 3

8 (26-6, 26-1). What is the capacitance of a spherical capacitor con-
sisting of two concentric spherical shells of radii 2.0 m and 3.0 m?

9 (26-10). For the circuit shown below, what is the equivalent capacitance?

V

(Cl

V = 12 volts

C1 = C3 = 2.0 uf

!3 C2 = 1.0 uf.

C5

Cq

C4 = C 5 = 3.0 uf

10 (26-15). In the diagram below, what fraction of the total charge will
be on one plate of the capacitor C2?

C1 = 1.0 uf

C2 = 10 uf

V = unknown



4 SEGMENT 41-B

11 (27-1,
from one 7_

the capac.

12 (27-6).
V
o

. The c

to an unch
before and

:he work requred to move an infinitesimal charge dq
a capacitor to the other in terms of dq, the r.harge on
nd the capacitance C.

acitor C1 is initially charged to a potential difference
battery is then removed and the capacitor is connected

apacitor C2. What is the difference in the stored energy
the switch is thrown?

0

C2

13.(27-10). Two identical capacitors have their plates initially separ-
ated by a layer of air. A sheet of mica (K = 8) is then inserted into
the air space of the second capacitor, completely filling it. What is
the ratio of the capacitance without dielectric to that of the other;
namely, Ca/Cd?



IL7ENT 41-B

6,). An air capa:....1-ur having a cap=itence C1 = 1.0 of is connected
-J-volt battery. Af-ter the capacitol fully charged, it is
.ected from the be=ery and filled wit 1 dielectric material of
tric constant K = 3.0. If the capacit with the dielectric is nol:

nnc:ted to another uncharged capacitor C2 ,.0 uf as shown in the
find the energy stored in the final system.

DIELIC TR I

Cl

T2



[a] CORRECT 2-

The wort:

tial enerp,v of

must take
neighboriaty;

and tber.

a=

F.GMENT L. -ii

02

zo d

to assemble a charge configuration is equal to the pote7.--
configuration. In compf,...ing the potenr-i;=7 nergy
,sible pair into account_ The potential energy betw.en
is (for each pair)

_Q2

[b] CORRECT A1C.41. 1/8

such pairs. Consequently,

3 Q2

/orco d

The capacitance -,xf a parallel plate capacitor is givenTh7:C = Kso A/d
where A is tj s. area and d is the saparation. of the plate. Thus, the
ratio of the fapacitances

qa .4.,/d 1 1

,7..E0 A/d K(Cd

where the rlubsc=at d and a refer to
(We have tier < for air to be equal

[c] CORRECT ANSWER: 9 x 107 volts

dielectric and air respectively.
to I-)

The potential-due to a point charge q at afristance r from it is

ThuS,

-
r

q

3 x.10-5
=

4its
o.

-33 x 10 9 x 109 x 107 volts



SEGMENT 41-3 7

[a] CORRECT ANSWER: -cq(i + j + k)

The force on a charge q in an electric fielc f given by

1 = qE

may be found from the electric potentiaL,

_tav V 7 DV \3 +
2z

tit

In this case V = C(x + y + z), and

3V
Ex = -

2V
= -C

3x

3V
Ey = - = -C

SO

3V
. Ez =

az
= -C

= q(-Ci - Cj - Ck)

= -Cq(i + j + k)

[b] CORRECT ANSWER: 10/11

Since I ntial difference across C1 anr. Cz will be the same, we have

CiV (1)

c12 = C2V

The total charge q. on the combination is

a = qi q2 = (C, + C2) V

Thus, the fraction of the total charge on _is

q2 C
2 10=

qi + q2 C1 + C2 11

(2)

(3)



[a] CORK= ANSWER:
C

I
C

2

2(C1

The initial stored enerz7 is

Uo = 1
C1 Vo-

The final stored energy

U = 2 C
1

V2 +
2

C
2

72

SEGMENT

(1)

(2)

It is necessary to express V in terms of the initia pota=mial difference
V
o'

After the switch is closed, the original rhar 7,0 La,- shared by the

two capacitors. Thus,

4o= q1 g2

Applying the relation q = CV, we obtain

or

C1 Vo = Cl V + C2 V

V Vo - + C2 (3)

Substitmring (3) into (2), wehave

1 +
+

C, C,
U =---. (C1 V2- C2 V2)

2-
(C1 + C2) .

i UCo
C., + c o
,

Thus the difference in the stoned energy Is

C
2

C C( 1 2
U - Cl + C2 uo 2 CI

v 2

Mote U < Uo. This difference in the energy appears as Immx_in the :Lon-
=acting wires.



.:1:::::',1177ST 41-B

_2E_CT ANSWER: 6. f

2a1-,-.,-ritance of a .a:.:citor is given by = v, where V is the magnitte
potential diff-E- between the pLates, and Q is the magnitude of

-',ao::ge on one plate. potential diffe:.nce V between two concentric
L.-;:zares is

bV = - -z:.

i.a

4.1,prtr-rc field inte:-:si.ty between zne twc spherical shells is

Q 1

411-co r 2

b

V =- Edb"E. = ---Q dr Q

a
4TrE0 r2 r)a.

magnitude V
b\_

(1_1) b > a1rEa.

Substituting this empress .on of V into the erpression for capacitance C,
we. obtain

.4b 1 0.0)_ 10-lo fC = 4re°
a 9 x 100 \1.0

zLtd EMS= AM ER= dc

Tie 'work -r erp1:6.ra. d to move a charge dq through a potential difference 'V is

dW =

UrAr-frtz the defitcitioca onf capacitanr,P, C - .1/1/, we find the potential
fareace across a taapacitor with. capacitance C tarrying a charge q

V =

SI 0

dW. = dq



10

[a] CORRECT ArSWER: 4.4 1C3 c)LLim2

The' potential on the conduct= fls given by

1 q
V =

47E0 R

SUNENT 41-B

( =)

where R is the radius of the sphere. The charge may he omnsidered tc
be concentrated- at the cenmer of the sphere.

In this nrmblem, the potent--=1 and the radius of tbe sphere are given.
Thus from (1), we may write

q = 47c0 VR

The charge density on. the surface of the sphere is given my

q = 4T 20

Combining equations ;2) and (3), we obtain

One
c- V .7 x 1078 cool /m=

47t

ammecr Azsam: 0..67 of

(2)

Tar -the canaciitz,rs and. C2, the:,equivalent caparre s simply the
sum. of them::

Co 7 C1 + -

For the series combination of Co, .C3, C4 and C5 the equivalent capacitance is

-I _1,1 .14 1

Stbetituiting tiumbicacal NW.lues, we dalt&In

or

2. 1 1 L 1+ + +
C 3.0 2:0 3..0 3.0

1-0 +1
2-0

1-° a
3.0



SEGMENT (:1-3 11

[a] CORRECT ANSrx:ER:
C.

47=o vi/a2 b2

The expression for the potential duce to the two charges is

V- 1 (ciL +q2
4.7E0 r1 r2

r1 is the distance from q1 to Y and r2 is the distance from q2 to P. By
the Pythagorean theorem,

2 -2r1 = a-
1

r 2 = a2 + b2
2

and V becomes

V - L
4rEo Jae b2

1
+ q

2

[b] CORRECT ANSWER: 6.3 x 10-4 j

The total (Charge in the Capacimmm system remains unaltered since C2 is
originally uncharged. Thus,.the net Charge on each plate of an equivalent
capacitor C is

= C1V (1)

The equivalent capacitance of the Banal system is

C = <C1 + C2 (2)

and the final stored energy of tie systtem may be nitztained from

or

42Ef-
C

1/2.. 2

1 cCIE = = x 10-4 j
f 2 (KC-, CZ)2



12 SEGMENT 41-B

[a] CORRECT _ANSWER:
2E0 (v2 + a2)112

Xa

dV -
1 dq 1 ).ds

47E0 r 47E0 (y2 + a2)1/2

The total contribution to the potential aue to the ring is obtained by
:integrating over the entire ring,

27a
1 AdS 1

ds
47E0 (a2 y2)1/2 47E0 (y2 + a2)1f2

X 27ra

4.6E0 (y2 + a2) 1/2

[b] CORRECT ANSWER: 3.5 x 103 j

Xa

2c0(y2 + a2)1/2

The work done by an external agent in moving a charge q through a displace-
ment dit is

4 4
= Fdx

."here is the force, the external agent must apply to keep the charge q
from accelerating and is exactly equal to -q. Thus

dW = -q-Es-cb-t

or

dW = -q4x2dx(i-i)

= -q4x2dx

Therefore the total work W is
5

W = J. -4qx2dx
10

5
= -4q

10
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SEGMENT 41 -C

1 (28-6). Current enters a cylindrical wire of radius r. = 1/4 cm.
The wire eventually tapers down to a radius r, = 1/8 cm. Find the
ratio of the current density ji/j-, j1 and j, are the current
densities in the portions of the wire where the radii are r1 and r.,
respectively.

2 (28-15, 28-10). What is the current through a wire of length Z,
cross-sectional area A, and resistivity P, through which power P is
being dissipated?

3 (29-1, 28-1). Two electrodes are placed in a solution that obeys
Ohm's law. With a potential difference of 100 V across the electrodes
a current of 5 amps flows in the circuit. What is the resistance of
the solution?

4 (29-5). A small commercial hot water heater generates 500 watts of
heat when it is connected to 120 volts source. The original heating
unit is now replaced by the one whose resistance is 80% of the original
one. How much heat does the replaced heater generate when it is connected
to the same source?

5 (29-9). How can the emf be defined in terms of the work dW done by a
seat of emf in moving charge dq from a lower potential to a higher potential?



2 SEGMENT 41-C

6 (29-15). In the figure shown below, the following values are given:
c = 10 volts, r = 1.5 ohms, R = 3.5 ohms. How many joules of electrical
energy are converted into heat by resistor R in every second?

7 (29-21). In the circuit shown below, find the currents i1, i2, and i.

9 ohms



SEGMENT 41-C 3

8 (30-5, 1). What is the equivalent resistance of the circuit below
when each of the resistors has resistance r?

9 (30-10). What is the current i in the circuit shown below?

R
1
= 20 ohms

R2 = R3 = R4 = 30 ohms

R
s
= 40 ohms

c = 7 volts



4 SEGMENT 41-C

10 (30-16). Write one relation between currents i, i1, and i2 for the
circuit below.

11 (30-19). Write the loop equation for the, circuit shown below. Assume
that current i flows clockwise through the circuit.



SEGMENT 41-C 5

12 (30-23). Find the current in the 1-ohm resistor in the circuit shown
below.

1 ohm 2 ohms

13 (31-1). A milliammeter which has a maximum deflection for
i = 10.0 x 10-J amp is converted to read in the range of 0 to 1.00 amp
by means of a 5.00-ohm shunt. What is the internal resistance of the
meter?

14 (31-7). A voltmeter and an ammeter are used to determine an unknown
resistance R as shown in the following diagram. The voltmeter resistance
is 400 ohms and the ammeter resistance is assumed to be negligible. The
ammeter reads 0.4 amp and the voltmeter 25.0 volts. Compute the real
value of R.



6 SEGMENT 41-C

15 (31-11) The potentiometer depicted below is measuring voltage £2.
Find c

2
in terms of E

1,
r
1,

R
2,

and R.

El r
I---o

R

E.2 r 2

16 (31-15). In the Wheatstone bridge shown below, R1 = 5 ohms, E = 10 volts,
and ii = 0.2 amp. Find R.



SEGMENT 7

[a] CORRECT A: == 3r/2

Resistors R, and R3 are connected in parallel. Therefore, their equivalent
resistance R' is given by

Or

1 =1+1=1+1= 2
II, R2 R3 r r r

Rt =
1

r
z

The circuit cd......_mmw be dawn to incluG= R', and.

we see that RI and R' are connected in series, so the equivalent resistance
of the ere circuit, 3., is

R +11'

= r +
1

r
2

= 3r/2



8 SEGMENT 41-C

[a] CORRECT ANSWER: 495 ohms

We wish to find R
c'

the resistance of
the ammeter, given

and

i = 1.00 amp

is = 10.0 x 10-3 amp

Rs = 5.00 ohms

Using loop and junction equations we obtain

is ic
icRc isRs

Solving for Rc, we obtain

Rc
isRs (i ic) Rs
is is

= 495 ohms

[b] CORRECT ANSWER: 625 watts

as

The power generated by a heater is given by the expressitaT = i Since
both heaters are connected to the same source,

i
1
R

1
= i R

2 2

and the ratio of the power generated is

212R11 _ (
i1R)

1
i

7'
R1 = 1 = 2 0.8

i22R2 (i2R2) i2 i2 R1

Thus

i22R2 =

2.021
-1 500

625 watts
0.8 0.8

-7



SEGMENT 41-C 9

[a] CORRECT ANSWER: E, - ir = 0

An organized method for solving these ci=muit problems is as follows:

(1) Select the directienin which ycj will .traverse tho
This is arbitrary, either clockwise or counterclockw.

(2) Write the is as positive if they are in the directic:. :ou
have c_hosen; negative otherwise.

(3) Write iR's (the resistive poirp/rHal drap.$) as negative 1_1

ycz through t.7.-4-1 resistor in the dirtion of the current;
otherw..

For the circui7 in U._ px_iu_lem, starting at point A and going around in
a clockwise seise,

el - iR - e2 - ir = 0

[b] CORRECT ANSWER: 14 watts

The current in this circuit is obtained by applying the loop theorem:

e - ir - iR = 0
or

i
r + R

Substituting numerical values, we obtain

=
10

p
1.5 + 3.5

2 am s

The rate of converting electrical energy into heat by R is given by
the expression

and is

dH .2= 2 R
dt

dH = 22
x 3.5 = 14 watts

dt



10 SEGMENT 41-C

[a] CORRECT ANSWER.:

The eotenziomer is a mmI2 instrument; i.e., it .ekes measurement by
,1-Ing a zero rez.L.:.ng. In this case, 02 is measurad by adjusting the

resiatar--- un=h-1 i2 = 0, as measured by L.:1.2 galvanometer. By
down YiTenhoff's voltage rule for the upper and lower loops, we

iri + =

iR2 =

Ei

ILl_v.L2ling the bottor er4ation by the top yields

_a
2

E 2

E
1

i(I, R)

Or

E2
E R2

1.1 + R

[b] CORRECT ANSWER: 0.1 amp

The equtvalent resistance fua reistances -112, R3 and 114 connected in
par*Tlea is

or

1_ 1 1 1 3

R R2 R3 R4 30

= 10 ohms

Thus the current in the circuit is

i=
R

1
R R

5

7 -0.1 amp
20 + 10 + 40



SEGMENT 41-C 11

[a] CORRECT ANSWE1Z: (PA /pt) 1/2

The resistance of a wire, in terms of the rzesistivity p, its length R.
and its cross-sectional area A, is given by

= p

The power is giveli by

p = i2R

i (P /R)1 /2

i = (PA/P-01/2

SO

and, from (1),

[b) CORRECT ANSWER: 45 ohms

(1)

We need not concern ourselves with the upper path of the bridge. We know
that the potential difference between points A and C is e = 10 volts.
Since resistors R1 and are connected in series, we obtain

it (RI + Rx) = e = 10.volts

Thus,

6 1R1 10
0.2

1
R
x

= = 45 ohms



12 SEGMENT 41-C

[a] CORRECT ANSWER: i1 = 2 amps; i2 = 1 amp; i = 3 amps

There are several approaches to this problem, but perhaps the most direct
is the application of Kirchhoff's rules.

Three unknowns require three equations for their solution. By the first
Kirchhoff rule, the current entering a branch point mast equal the current
leaving that point,

= i2 (1)

By the second rule, the sum of all the emf changes around a loop must be
zero. Traversing the outer loop counterclockwise, we have

18 -Z1 9 = 0 (2)

Similarly, for the inner loop

18 - i2 18 = 0 (3)

Solving (1), (2), and (3) gives

= 2 amps

i2 1 amp

i .= 3 amps

[b] CORRECT ANSWER.: i = i2

Kirchhoff's first rule states that the current entering a branch point is
equal to the current leaving that branch paint That is,

i2

No other relations between these currents are attempted because we are
not given any particulars about the resistances or emf.



SEGMENT 41-C 13

[a] CORRECT ANSWER: 74.1 ohms

The circuit is essentially given in the following diagram and we may write
dorm the following equations

i2 400 0 MS

25 volts

1=0.4 amp

V
4 ohms

Using the value of i
1, we obtain from

25
R =

0.338 - 74.1 ohms

[b] CORRECT ANSWER: 20 ohms

Using Ohm's law,

V = iR

V
R =

100 volts
20 ohms

5 amps

i1R = i2 400 = 25

+ i2 = 0.4

From (1) we get

2
= 0.0625 amp

400

and from (2)

it ,.. 0.3375 amp

(1)

(1)

(2)
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[a] CORRECT ANSWER: 1/4

The current density j is defined as

Therefore,

or

Current

Cross-Sectional Area A

j1 i A2
-
A
2

j2 Al Al

7r

--i2f
12

.
"1

= 1/4

[b] CORRECT ANSWER: it = 0.1 amp

Let us assume a clockwise current in the left loop, il; and a counter-
clockwise current i2 in the right loop. The loop equation for the first
loop is

3 4(il +i2) =0

For the second loop we have

6 - 2i2 - 4(ii + i2) 3i2 = 0

Solving equations (1) and (2) simultaneously, we obtain

1

= 3 amp = 0.1 amp
29

[c] CORRECT ANSWER: dW
dq

(1)

(2)

The emf must do an amount of work dW on the (positive) charge dq to make
it move to the point of higher potential. It is defined by the expression

dWE =
dq

and has the units J/coul = volt.
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SEGMENT 41-D

1 (32-1). A toy automobile carries an excess positive charge and rolls to
the right along the platform of a scale as shown in the figure.

A magnetic induction field directed into the page surrounds the apparatus.
The weight of the car is 2 ounces; will the scale read exactly 2 ounces,
more than two ounces, or less than 2 ounces?

2((32-9, 4). A'particle with mass 10-25 kg and charge 2e (3.2 x 10-19 coul)
moves perpendicularly to a magnetic induction field of 1.0 x 10-4 T in
circular orbit of radius .050 m. Find the tangential velocity of the particle.



2 SEGMENT 41-D

3 (32-9, 32-4).

The above figure shows crossed electric and magnetic fields. The electric
field intensity is 100 nt/coul, the magnetic induction is 2 T. A particle
enters the field from below and travels along a line parallel to the line
AB. This path makes an angle of 30° with the horizontal. With what speed
must the particle move to remain undeflected in its path?

4 (33-1). A straight rod of length 32. carries current i. A uniform magne-
tic induction field causes a force of magnitude F to be exerted on the rod.
Find the component of magnetic induction which is perpendicular to the rod.

5 (33-9). A 10 cm by 10 cm square loop carrying a current of i = 2 amperes
is in a uniform field of magnitude B = 3 X 10-5 T at an angle of 30° with
the normal to the plane of the loop: Find the magnitude of the torque
experienced by the loop.



F;Er.,E:':T 41-D

6 (34-1). A single loon of radius P., carrying a current -:: is placed in a
uniform magnetic field B as shown in the diagram. Calculate the average
torque acting on the loop as 8 varies from 0 to r.

7P

7 (34-5, 33-14). In the Bohr model of the hydrogen atom, an electron.revolves
around a nucleus in a circular orbit of radius r = 5.00 x 10-11 m with a
speed v = 2.25 2f. 106 m/sec. If the hydrogen atom is placed in a uniform
magnetic field B = 5.00 k T, the magnetic dipole moment vector is found to
make an angle of 60° with the z-direction. If, at a later time, the magne-
tic dipole moment vector lines up with the z-direction (i.e., pk) find the
change in the potential energy of the system.

8 (34-13). The magnitude of the Earth's magnetic induction at a place in
the northern hemisphere is B = 58 11T. The inclination and declination are
73° N and 15° W respectively. What are the eastward (BE), northward (BN)
and upward (or vertical By) components of B there?

9 (35-1, 34-9). A rectangular loop as shown in the diagram has dimensions
a and b and its nearer side is at
distance c from an infinitely long
wire carrying a current i. What is
the total magnetic flux through
the loop?



4 SEGMENT 41-D

10 (35-6). A conducting cylindrical shell with inner and outer radii a
and b respectively carries a current of 2 amp uniformly distributed over
the crosssection of the shell. For which values of r is the magnetic
induction equal to zero?

11 (36-1). A solenoid which measures 20.0 cm in length and 5.00 cm in
diameter is wound with 4 layers of 250 turns each. How much current o
must the windings carry in order to produce a magnetic field of
1.00 x 10-4 tesla inside the solenoid?

12 (36-15, 35-10, 33-15, 33-5). A rectangular loop 3 cm x 7 cm is oriented
with its longeisides parallel to an infinitely long wire which is 2 cm from
the near side of the loop. The currents in the wire and loop are respectively
40 milliamperes and 6., amp, and the currents in the wire and the far side
of the loop are parallel. What is the force on the loop?

i,,=40mA

ii= 6A A

4-2 cm-1,14-- 3 cm

7cm



SEGMENT 41-D 5

[al CORRECT ANSWER: -2.25 x 1023 j

The potential energy for a magnetic dipole moment in a magnetic field is:

U = -11-B

However, the magnitude of u is

u = iA (1)

where i and A are the current and area of the equivalent current loop and
are given by

i= qei= ge
1127r

and

v
27rr

A = 7112

qevr

2-

The change in the potential energy is

Therefore

AU = Uf - U. = ( -pB) - (-pB cos60°)

p= - B

2

Substituting numerical values in equation (4), we obtain

AU = - 2.25 x 10-23 j'

(2)

(3)

(4)

[b] CORRECT ANSWER: 1.59 x 10-2 amp

In the formula for the magnetic induction inside an ideal solenoid, B = union,
n is the number of turns per unit length. For a solenoid wound with 4
layers of 250 turns each and of length 20 cm,

n = 4 x
0.2

250
5000 m-1

Therefore, the current required to produce a field of 10-4 T is

B 10-4
2pon 47r x. 10-7 x 5 x 10

1.59 x 10- p
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[a] .CORRECT ANSWER: 16 m/sec

SEGMENT 41-D

A charge q having mass m and velocity v in a magnetic induction field B
experiences a force

F = x

If the charge moves in a circle of radius r, this _force must equal the
centripetalentripetal force. In addition, it is given that is perpendicular to
B:

mv2

r
qvB

Solving for v and setting q equal to 2e, we have

2eBR
v 16 m/sec

rbi CORRECT ANSWER: 2iR2B

The torque acting on a current loop is

where
T = u x B

= 1,A

he magnitude of the torque, when p makes an angle e with the direction of
B field is

or

T = iAB sine

T = iirR2B sine

The average value of the torque T may be found from
7

rde

Therefore
o

ixR2Bjr sinede
0

T = 2iR2B

de

de



SEGMENT 41-D 7

[a] CORRECT ANSWER: B
E
= -4.4 pT BN = 16.4 11T By = -55.5 pT

We choose a right-handed coordinate system with origin at the point in

question.

z (up)

The vertical and horizontal components of B are given by

By = -B sin73° = -(58 iT) x 0.957 = -55.5 pT

and

Bh = B cos73° = (58 pT) x 0.292 = 17 pT

where the negative sign for By denotes that it is downward. We now
resolve h into components along east and north.

BE = -Bh sin15° = -(17 la) x 0.259 = -4:4 pT.

and

BN = Bh cosi5° = (17 la) x 0.966 = 16.4 pT



8 SEGI,ENT 41-D

[a] CORRECT ANSWER:

The force on the rod is

it x

from which we can write

or

F =
_L

B1 = iZ

where B stands for the component of B normal to the rod.

[b] CORRECT ANSWER: Less than 2 ounces

-4-

A charge q movin with velocity v in a magnetic induction field B is acted
upon by a force F:

In this case, v is a vector pointing to the right, -E. is a vector pointing
into the page, and the cross product v x B is therefore directed vertically
upward.

The magnetic force is opposite to the direction of the weight; consequently,
the resultant vertical force on the car (directed downward) is less than
its weight.

[c] CORRECT ANSWER: r < a and r cc

Because of the cylindrical symmetry, Ampere's law gives B = uoi/2.ffr,
where .i is the current enclosed by a circle of radius r. The cylindri-
cal shell has an inner radius a, and so i = 0 for r < a. Therefore,
B = 0 for r < a. Furthermore, the current enclosed by an infinitely
'large circle is finite (namely 2 amp), but since B a l/r, B 0 as
r cc.



[a]

SEGMENT 41-D

CORRECT ANSWER: 107 nt

= mA

9

" i=6A 7cm

rte--2cm 3 cm

We utilize the symmetry of the configuration to reason that the forces on
the two short sides of the loop are equal and opposite and will add to
zero. The force on the near side of the loop is repulsive (anti-parallel
currents). Its magnitude is

-
`1 27d

where 2, and d are 7 cm and 2 cm, respectively. Similarly, the force on
the far side of the loop is attractive and has a magnitude of

F
2

uoiwiR
27d'

where d' = 2 cm + 3 cm = 5 cm.. Obviously F1 > F2 so the net force is
repulsive and has a magnitude of

lloiwie' 1 1F = Fl F2 -
27 d d°,)

_ 47 x 10-7 x 4 x 10-2 x 6 x 7 x 10-2 1 1

21T 0.02 0.05

= 1.36 x 10-9 x (50 - 20) = 1.01 x 10-7 nt = 10-7 nt

next page
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continued

SEGMENT 41-D

We note that in addition to the above computed forces, each long side
experiences forces resulting from the field set up by the current in the
other long side and the current in the short sides as well. The net

force on each side due to the current in the loop, however, is equal in
magnitude and opposite in direction to the net force on the opposite side;
as a result, these forces do not enter in the net force on the Loop.

[a] CORRECT ANSWER: 3 x 10-7 nt-m

The relation between torque T on a loop and field i is given by

. U x

where u = i X is the magnetic dipole moment of the loop and A is the area
of the loop. Thus

T =iABsin30° = 3x10-7 nt-m

[b] CORRECT ANSWER:
271. c

The magnetic induction at the distance x from the wire may be obtained
from Ampere's law:

and

B-
27rx

= uoi

uoi

The flux is given by the expression

= fBdS

and since B and S are parallel to one another, we obtain the total flux
by integrating over the area of the loop:

r t a uoi
Uoib (= dS = b dx =

27rx 271.

£,n c + a)



SEGMENT 41-D

Via; CaRiCECT ANSWER: 100 m/sec

In order for the particle to remain undeflected, the electric and 7.,,-nzt:1-Q
forces must be equal and oppositely directed. Th w _ yield a net force
of zero on the particle. Hence the force equatimr. Itten as

Or

0= qE qv x B

0 = E - vB sine

where the minus sign is introduced to account explicitly for oppositely
directed forces.

Solving for v yields

100

B sIrm 2 911004
a 200 m/sec
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SEGMENT 41-E 1

1 (37-1). A coil of 2 turns in a uniformly changing flux develops an emf of
10 volts. If this 2 turn coil is replaced by a 100 turn solenoid, find the
emf developed across the ends of the solenoid.

2 (37-10, 6). A conducting rod AD makes contact with the metal rails AR
and DC which are 0.2 m apart in a uniform magnetic field of 2.0 T perpen-
dicular to the plane as shown in the diagram. The total resistance of
the circuit ABCD is 0.8 ohms. What is the magnitude and direction of cur-
rent induced in the rod at the instant it is moved to the left with a vel-
ocity of 100 m/sec?

3 (37-14). In the preceding problem, what force (magnitude and direction)
is required to keep the rod in motion?

4 (38-1). The magnetic field at all points within the dotted circle of
the diagram below equals 0.5 T. It is directed into the plane of the dia-
gram and is decreasing at the rate of 2 T/sec. What are the magnitude
and direction of the induced electric field at any point of the circular
conducting ring of radius 0.2 m?.+ ''"....

' X X X X \
x X\/

IX X X X
I

I x x X X
1

X X X X
/

I

\ x X/ /

\X X X X /
"..... .
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SEGMENT Ll-E-

5 (38-11, 6). Two parallel wires of equal radius a whose centers are a
distance d apart carry equal currents i in opposite directions. Find the
inductance of a length 2, of these wires neglecting the flux within the
wires themselves.

6 (38-18). An inductor with inductance L . 15 millihenrys is connected
in a series circuit with an open switch. When the switch is closed, the
current in the circuit builds up from zero to a steady state current of
4 amp. Calculate the energy stored in the inductor.

7 (38-22). A long cylindrical conductor with radius R carries a current
of uniform density. If the total current carried by the wire is i, find
the magnetic energy per unit length stored within the conductor in terms
of i and R.

8 (39-1). A series circuit consists of a resistor of resistance R = 2.0
megaohm, a capacitor of capacitance C = 2.0 microfarad, a seat of emf of
c = 6.0 volts, and an open switch. Find the current in the circuit 4.0
sec after the switch is closed.

9 (39-10, 39-7). A 60-ohm resistor and .a 3-microfarad capacitor are con-
nected in a single-loop circuit with a seat of emf equal to 6 volts. After
one minute, the seat of emf is removed and the capacitor is allowed to
discharge. What is the magnitude of the current just after the capacitor
starts to discharge?

10 (39-15). An uncharged 50.0-microfarad capacitor is charged by a con-
stant emf through a 100-ohm resistor to a potential difference of 50.0 volts.
What is the total work done?
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11 (40-7). A series circuit consists of an inductor of inductance L = 6.0
millihenrys, a seat of emf of c = 6.0 volts, total series resistance
R = 6.0 ohms and an open switch. How long must one wait after the switch
is closed before the current is 50% of its equilibrium value?

12 (40-11, 40-1). A 40-volt potential difference is applied to a coil
with L = 50 millihenrys and R = 200 ohms for one minute. The applied

voltage is suddenly removed from the circuit. What is the current in
the circuit after one time constant from the time the applied voltage
is removed?

13 (40-15). A coil with an inductance of 2.0 henrys and a resistance of
10 ohms is suddenly connected to a resistanceless battery with c = 50
volts. How much energy is stored in the magnetic field when the equilibrium
current exists in the coil?
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1101:2

[a] CORRECT ANSWER:
1671

The magnetic field within the conductor can be obtained from Ampere's law

P.dt = poi

which leads to

or

where

B 27r = Poi

B -
27112

poir

< R

7r
Trgi

The energy density for points inside the conductor is therefore

2
1 2

B
r
2

U =
72R2p o 8

Consider a volume element dV consisting of a cylindrical shell whose radii
are r and r + dr and its length Z. The energy dU contained in it is

poi 2r2

giT2R4 (27rk) drdU = udV

p
oi2r3L

47114
dr

Integrating over r from 0 to R,, we obtain the total magnetic energy con-
tained in the conductor of length 2" radius R.

R poi2k
Poi2

r dr =
47114 167

0

The magnetic energy per unit length stored within the conductor is obtained
by dividing U by £:

U Poi2

167

Note that this energy per unit length is independent of the radius of the
conductor.
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[a] CORRECT ANSWER: 6.9 x 10-4 sec

The expression for the current in an L-R circuit is

(1 e-Rt/L)

The equilibrium value of the current i. is given by

(1)

iro = c (2)

The time T when i = .5 i. is obtained by substituting the values of i

and in equation (1): Thus

or

e-RT/L)

.5 e-RT/L

Taking the natural logarithm of both sides, we find

or

9n 2 =
RT
L

3T = 9.,n 2
6 x

6

10-
(.693) = 6.9 x 10-4 sec

[b] CORRECT ANSWER: 50 amps, counterclockwise

The induced emf can be calculated from Faraday's law:

d0E =
dt

(3)

'During the time interval dt, the increment in flux d4, is

d0 = - B9. v dt

Where R v dt is the differential area covered in the interval dt. We have

d0
e - =B2,17

The induced current is

e Bkv 2 x 0.2 x 100
0.8

= 50 amps

The direction of the induced current may be obtained from Lenz's law and it
must be counterclockwise as it opposes the change (in this case increase in
0) by setting up a field that is anti-parallel to the external field within
the loop ABCD.



6 SEGMENT 41-E

[a] CORRECT ANSWER: 0.1 amp

Since one minute is much larger than the capacitive t)Ile ':onstant
RC = 1.8 x 10-4 sec of the circuit, the charge on the capacitor has at-
tained its equilibrium value after one minute of charging. Thus the
charge on the capacitor after one minute of charging is

q = Cc = 3 x 10-6 x 6 = 1.8 x 10-5 coul

This amount of charge is on the capacitor at the start of discharging.
The discharging current in an RC circuit is given by

i = -(q0/RC) e-t/ RC

Thus, at the beginning of the discharge, the current is

tic) = -(10/RC

where

q
o
= Cc = 1.8 x 10-5 coul

Substituting the numerical values, we obtain

jo.= -1.8 x 10-5/(60 x 3 x 10-6) = -0.1 amp

[b] CORRECT ANSWER: 25 J

The energy stored in the magnetic field is

1 .

= Ls
2

2

In this case, the current i refers to the equilibrium current in the coil
which is given by the expression iw = e/R.

Thus

1 c2_ L 1.
x 2.0 x (50/10) 2 = 25 J

2 R2. 2
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[a] CORRECT ANSWER: 0.2 volt/m, clockwise

The magnetic flux through the ring is

(I) = 7rr2B

where r is the radius of the ring

From Faraday's law

-4- .4- d(1)
E.= E.dt = --

dt
Or .

.

0
E27r = -

dt
(rrr2B) = - 7r-

dB

Solving for E yields

r dE =
2 dt

The minus suggests that the induced electric field E acts to oppose the
change of the magnetic field. In this case, the flux 4) is decreasing so
the induced current in the ring will tend to oppose this change by setting
up a magnetic field of its own that points into the plane of the loop.
Thus, the induced current i must be clockwise and the direction of elec-
tric field E must also be clockwise. The magnitude of the electric field
is

E= 2
dt

r AE
2

= x 0.2 x 2= 0.2 volt /m

[b] CORRECT ANSWER: 1.1 x 10-6 amp.

The equation for charging an RC circuit is

q = Cc(1 - e-tIRC)
(1)

The equation for the current is obtained by differentiating equation (1)
with respect to time, thus

dt R
= p-t/RC

Substituting numerical values, we obtain

= 3 x 10-6 e-1

= 1.1 x 10-6 amp
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[a] CORRECT ANSWER: 1.2 x 10-1 J

The energy is equal to work done in raising the current from zero to 4 amp
through the inductor. During this process, when the current in the induc-
tor is i, the work done in duration dt is found from

dW = c dq = e d dt

E dt (1)

where c, the applied emf to the inductor, is

di
e =Ldt (2)

Substituting this expressic... for e in equation (1) and integrating, we
obtain

4

W = f Lidi =
2

0

2
4

= 1.2 x 10-1 J
0

[b] CORRECT ANSWER: 7.4 x 102 amp

Since the time constant for the circuit, L/R, is

L/r - 50 x 10-3/200 = 2.5 x 10-4 sec

which is much lesi than one minute, the current reaches its equilibrium,
value after one minute of charging. The equilibrium value of the cur-
rent is ice = e/R = 0.2 amps.

After the applied voltage is removed, the current decays exponentially,
i.e.,

i = (e/R) e-Rt/L

Thus, after one time constant, the current in the circuit is

i = (e/R) e-1 = 0.074 amp
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[a] CORRECT ANSWER: 500 volts

Faraday's law may be written as

d(NO
e =-

dt

where Ncl) are the number of flux linkages in a coil. The rate of change
of flux dVdt will be the same for both the coil and the solenoid; thus
c will be proportional to the number of turns of wire. We may then write
the proportionality

10 volts x volts
2 turns 100 turns

x = 500 volts

- \[b] CORRECT ANSWER:
11.

d a

a /

The magnetic fields at P due to the two wires point in the same direction.
Using Ampere's law,

Pdt = yoi
g
s, we obtain the total field at P:

IMIRE#7 WIRE#2

0 ljni

1-4--x---P-P
1 1

1-4- -d -11 where x is to be measured from wire 1..
1 I

The self inductance of this pair is
obtained from the relation

Li = = (2)

Substitutin (1) into (2) and integrating over the area wh:!.11 is perpen-
dicular to S between the two wires, we obtain

so that

Li =
d a

121r()1' x)Z dx
J a

tlo", d - a
kn

.

L 7 11°2' Zn
l
d

a\
a

where the flux within the wires themselves has been neglected.
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[a] CORRECT ANSWER: 0.125 J

The work done per unit time by-an emf is given by either side of the equa-
tion

Ei = C i + i2R

Integration over t will yield the total work done. It is probably sim-
plest to calculate from the left-hand side. Since the current is given

/RCe-tby the expression i = the integral of the left side may be writ-
ten AS

r2 w -t/RCW cidt = e dt = c2C

Substituting the given numerical values, we obtain

w = E2c = (50)2 x 50 x 10-6 = 0.125 J

[b] CORRECT ANSWER: 20 nt to the left

The force on rod AD due to the magnetic field is given by

4- 4.

F = X B

The magnitude of F in this case is

F = i2,13

= (50) (0.2) (2.0) = 20 nt

and the directicn of 2, x B is toward the right. Consequently, jri order
to help the rod in motion, one must apply a force of 20 nt to Lhe left.


