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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
41-4 _ 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
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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

41



SEGMENT £1-A 1

1 (19-11). A charge Q0 = 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 E at the center of the square due to the charge distri-
bution shown in the diagram. Assume that q = 1.0 x 108 coul and

R = 5.0 cm. (b) If an additional charge +Q = 5.0 » 1078 coul is
placed at the center of the square, find the electric force F acting
on the charge Q. b4

Ld . . ' c}L

q R -9

4 (20-13). A semi-infinite insulating rod carries a constant charge per
unit length A. What is the angle 6 that the electric field at P makes

. with the rod? .
+ + ¢+ + + o+ o+ o+




2 : SEGMENT 41-a

5 (21-1). Two infinitely long wires A and B have uniform charge densities
0f A, = 3.0 X 10-° ccvl/m and Ag = +6.0 x 10-® coul/m respectively. The
wires A and B are 6.0 m apart. Find the distance from wire 4 between
wires A and B such that the electric field at the point is zero.

A A

~—6.0m———

A
~3
+
+
+
+
+
+
+
.
+
+
+
A

nrdl

6 (21-14, 21-10, 19-1, l9—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 E, q, and m.




SEGMENT 41-A

7 (22-4, 22-1).

Y
-

k

An electric dipole, consisting of opposite charges each of magnitude
3.2 x 10719 coul, is arranged as shown in the above diagram., What is
the magnitude and direction of the dipole moment?



3 (22-9, 22-5). Study the
on edge is placed in a uni-

The missing surface is in tu.

the surface.

YA

An open cubical surrace 5 . -
~ivad of 10 newtons per coul

Find the electric

SEGMENT 4
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I‘ 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?

y

rh E=10%k nt/coul

,? >

T ’

| .

> Ve
> //
/ z

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

i net charge on the outer surface of the conductor.

' 11 (23-9). Write the relationship between electric flux ¢f through a
’ closed surface and the charges enclosed within that surface,
9y Qo oo, qn.

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-aA

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.

|

N
i
=

H + + + + + + ++ H +4

14 (23-23, 23-22, 21-5). Two concentric conducting spherical shells have
radii R} = .2 m and R, = .3 m. The inner sphere carries a charge

-6 x 1072 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

R

R

—m2
{a] CORRECT ANSWER: 250 DE-M-
coul

We could easily consider the problem in six steps by saying

S e td

L oyt by F by tbgt e

wherc
r ¢; = flux through the side facing the E field,
? bp, ¢3, ¢y, ¢5 = flux through the sides Qith
- edges parallel to the x-axis,
3 and

P ' ¢ = flux through the side on the back of the
i cube from the E field

. ->
The area vector dS is pointing outward from all the surfaces and conse-

y quently we can see the surfaces 2, 3, 4, and 5 all have area vectors
perpendicular to the electric field., Therefor |,

Thromgh side one S = 0, so
Through side six,

¢, = ES cos0°®

’ or
}
¢g = ES
Finally,
¢g = 0 + ES
or

R ¢g = ES = 10 (5 x 5) = 250 nt-m2/coul




[a)
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8 : SEGMENT 41-A

CORRECT ANSWER: Yes

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

9
€

¢E= = ES

o
where O is the total charge of the sphere.
We know that for a sphere

S 4mr?

Therefore,

0
- Aﬂeorz

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

This resmlx holds for all spherically symmetric distributions, so0 we can-
not know i¥ a sphere is hollow or solid just by measuring the electric
field outsy... «f the sphere. However, the electric field inside the
hollow spreve is zero since there is no net charge inside a Gaussian
surface ot radius r < R. On the other hand, for a solid sphere we may
write, using Causs's law,

o - 4rr? = p él—r3 r<=®
3
or
. = Or
350

where p is the romstant charge density.

: - >
- CORRECT ANSWER: F = qE

The electric fieldE is defined by the relation
F=qt

->
where ¥ is the electrostatic force on the charge.
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SEGMENT 41-A

{a] CORRECT ANSWER: ——
A Gaussian cylinder inside the nonconducting cylinder yields

Es = 1
€O

vhere q represents the net chacge enclosed by the Gaussian cylinder. If
p is the charge density (coul/m3) within the nonconducting cylinder,

then
q = (mr?L)p
Gaussian cylirider—\ /—non-conducﬁng cylinder
. g
/
\ {
—————————————————————— TN
!
1 | \
Loy
Nl e ot o e s it e . e . e e e e e o e e e e e o L.._\‘-/
\
A
\
\\
l< .l
[ L

Notice that wr?L is the 7olume of the Gaussian cylinder. Therefore,

7rLo

ES = .

0

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

E(2nrL) = T
o

This expression can'be reduced to -

pr
E =5—
2e,



10 SEGMENT 41-A

[a] CORRECT ANSWER: 45°

The electric field at P due to a charge element Adx is givem by the
expression

1 Adx
4n€0 R2 + x2

dE =

The x and y components of this field are

1 Adx R
dE,, = -dE co = -~ (
X s¢ 4reg \R2 + x2 oy RZ)
and
‘ 1 Adx R
dEy = -dE siné = - 4Te <R2 + x2 /RZ + xz)

The x and y components of the field at P is obtained by integrating dEy

and dEy over x from 0 to =:
g = ap - - L[ - Jmx S
* Jo ¥ breg J o (R2 +x2)372 4me, R
N 1 (™ __ Rdx 12
EY = 0 dEY = 7 4re, 0 (R + x9)377 = ~ 4reg R

Since Ey = Ey, it is clear that the anglé 8 is 45°,

Tb] CORRECT ANSWER: Zero

 In the absence of sources or sinks, the flux through any closed swfface
is zero. This really says that for continuous flow “what goes in =He
closed surface must come out.”™
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[a]

[b]

' SEGMENT 41-A 11

CORRECT ANSWER: 8.1 x 108 nt

Let the chgrges be q and (Q - q). The wapu i . the coulomb force or
repulsion F due to charges q and (Q - q) distance R apart is

r.90Q -9
F 4re, 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

af _ __ Q 29 ___,
dq ~ 4me, R2 7 4mey R2
Therefore,
O
=7

for maximum electrostatic repulsion.

oo

The maximum force of repulsion F,, is obtained by substituting q =
in equation (1). Thus :

. 02/4

- 8
max = 4,"_50 R2 = 8-1 X 10 nt

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
condnctor. .Since we know that E = 0 within any conductor, the net charge
witixrin 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 coul inside the conductor.

Ther=fore, with 42 .coul on the inner surface, the outer surface must have
a charge of +1 coul.

When: another charge @f -4 coul is brought near the conductor, nothing
changes insofar as e net charges are comcerned. Of course, the external
charge will influ=wee the diistribution of charges over the outer surface
bmt the met charse remains umaffected.



(a]

(bl

12 : CSEGMIY -

CORRACT ANSWER: 1.8 x 10'% nt/coul

Gauss's law gives

eof—ﬁ-dg =

From symmetry, E 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 iength L, closed at each end by plame 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 AL.
Gauss's law

>
€ §E-ds
o

=q
ther: becomes
€q E 2wrL = AL
whence
. A
E= 27eor

Substituting numerical values, we obtain

2 2
27e (2) 4weo

E = =2 x 9 x 10%= 1.8 x 1010 nt/coul

> > f
CORRECT ANSWER: a = %-E

The force on q due to E is

> >

F = qE

and, from Newton's second Iaw,

>
F = ma
or '
> -+
qE = ma
Finally,



[a]

SEGMENT 41-A 13

CORRECT ANSWER: a) 2.0 x 105 i at/coul b) 1.0 x 102 i nt

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

R
E breqr2

The direction of E 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

E q 9 q

“ac T R\2 + R\2 ~ 7 2

’ (o} 47[50(__) 411-50(_.__) EOR
V2 V2

and is towards the corner c. Similarly

q
E = -
bd “CORZ

and is towards the corner d, and

> >
E =By + By

’) -
£9 cos45° i
me R2

Therefore .
E = 2.0 x 10° 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

>

F = EQ
.Therefore

F =

1.0 x 1072 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.



[a]

[b]

[c]

14 SEGMENT 41-A

: q +tq_+ ... ¢
CORRECT ANSWER: ¢p = —L— e2 n
: 0

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

¢g =

o[t
o]

where Iq is the algebraic sum of all charges inside the elosed surface.

In this case, q;, 45, ... 4 are interior to the surface, so

q1+q2+ oo qn

¢E €0

CORRECT ANSWER: Zero

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

> >
eoj) E+dS = q

We 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

€. E 2mrL = 0

0

Therefore

CORRECT ANSWER: 1.6 x 10721 § coul-m

The d¥pole=-moment p due to the given pair of charges of magnitude q and
separated by a dlstance % is given by :

-~

2= 12q]

Sirce the dipole moment vector is directed from (=) toward the (+) charge
along the ﬂlpole axis. Therefore,

= 1.6 x 10721 j coul-m

\ .
3 - commmmend P )

R
s
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[a]

[b]

SEGMENT 41-A 15

CORRECT ANSWER: 2.0 m

The magnitude of the electric field due to an infinite line charge a
distance r is given by

C A

2weor

" =
JORR

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

0 - | * A g
7 2megr T 2meg (6 - 1) X 1
where r is the distance in meters from.
point A, or " \<—-—r-—>.—z——6—r——>,
3 1 2
0 2me (r T 6 - r)
Therefore, ——.0m—»
2r=6-r or r =2.0m
\J J
A B

CORRECT ANSWER: 2.4 x 102! m/sec?

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

> >
eﬂ}r E-dS = q

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

1 q _9x10% x 6 x 10~
4w€0 R12 , (.2)2

= 1.4 x 100 nt/coul
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 102! m/sec?
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1 (24-1). A particular electric field can be described by the following
equation:

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 1073 m from
a charge of 3 x 1075 coul?

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

Nol

it
N

o}
1
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SEGHMENT w1~

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

V=Cx+y+ 2)

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
A 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.

o




SEGMENT 41-8 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 =12 volts

C, = C3 = 2.0 uf
” __C_3 C, = 1.0 uf
v [~
—_—
Cs

10 (26-15). 1In the diagram below, what fraction of the total charge will
be on one plate of the capacitor C,?

=

' Cy = 1.0 uf
C, = 10 uf
[_’ V = unknown

<
N
1




4 SEGMENT 41-B

11 (27-1, - ~he work required to move an infinitesimal charge dq

from one -. a capacitor to the other in terms of dq, the charge on
the capac.. nd the capacitance C.

12 (27-6). acitor C; is initially charged to a potential difference
Vo The ¢ battery is then removed and the capacitor is connected
to an unch zpacitor C,. What is the difference in the stored energy
before anc the switch is thrown?

~

13.(27-10). Two -identical capacitors have their plates initialiy separ-~
ated by a layer of air. A sheet of mica (¢ = 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, C,/Cy?




O

ERIC

Aruitoxt provided by Eic:

©OLGMENT 41-B

r1+ 6). An air capac.zor having a capazitance C; = 1.0 uf is connected

z J~volt battery. 4afzer the capacito:
ected from the bztzery and filled wit
+. tric constant k = 3.0. If the capacit
¢ ted to another uncharged capacitor C,
+ =m, find the energy stored in the final

[R RN

[Wa}

1

fully charged, it is

: dielectric material of

with the dielecrzric is now

..0 uf as shown in ths
system,

DIELECTRIC—»T

) |

&l |




[b]

[c]

5 HEGMENT £ -3

« y 02
CORRECT = Fhs —_—
- g d

The wori ri»7iulzrc. to assemble a charge configuration is egqual o the poter—
tial enerpv of ©  configuration. In comp:iing the potentizl wnergyv w..
must taks «vey:. ;. ssible pair into account.. The potential energy between
neighboriag + = is (for .each pair)

O

- 5 d
and ther= zr: “ir-ce such pzirs. Comsequently,
2
T =X x
! 4wso a

CORRECT ANSWE™®: 1/8
The capacitance of a parallel plate capacitor is given tov £ = ke, Ald

where A is tlw arez and d is the =eparation of the plates. Thus, the
ratio of the -apacitances is:

where the subsc=imt d and a refer to dielectric and alr respectively.
(We have tzkem < for air to be equal to 1.)

CORRECT ANSWER: 9 x 107 voits

The potential due to a poimt cimarge q at a:xdstance r from it is

I
v =:£fﬁﬁ

H o

Thus,

= 9 .x 107 volts



SEGMENT 41-B 7

la] CORRECT ANSWER: -cq(i + 3 + k)

The force on a charge q in an electric fiel¢ E .% given by
- >
F = qE

E may be found from the electric potential,

- . - - -
= = Vy = - (Ey.' + 3V 2 +.2!mk)
E v X . ay J 9z

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

= = — = =C
Ex X
v
B, = - 55 = ~C
v
E, = - EY e -C
. 80
¥ = q(-Ci - Cj - Ck)

[b] CORRECT ANSWER: 10/11

Simce . atial difference across C, am: C, will be the same, we have
and
qp = GV (2)

The total charge q on the combination is
y:,],=ql+q2=(cl+c2)\] (3)
Thus, the fraction of the total charge. on C..is

9% __ % _10
q, +4q, Cl + C2 11




(a]

; SEGMENT 41--3

C C.\ "?",;
CORRTCT ANSWER: L2 -
2(c; - 2

The initial stored enerz is

C; Vg° (1)

(M
|
NI

The £inal stored energy ==

=1 2 .1 2
U=3C Vo+35C, 7 (2)
It is necessary to express V in rterms of the imiti:z. sotexsial difference
V,. After the switch is closed, the original char "o 1= shared by the

two capacitors. Thus,
ip = 9 t 9,

Applying the relation q = CV, we obtain

C,V,=C V+C,V
or
Cl
V=1, Z; + Cy (3 .
Substituting (3) into (2), we= have
’ V. C, \2 cC
1 7 2 I o "1 . 1
U=-2=(c, V¢ + ==(C, +C =
7 (& C, V) =5 (& 2)(cl+c2> C, =g, o

Thus the difference in the stowef energy is
S AU T
o - cl+c?_0'2. C, +C, [/ "o

Yote U < U,. This diffezremce in the energy appears as W#at in the cor-
mecting wires.



(¥e)

LZMENT 41-3B

[ - _Z=CT ANSWER: 6.7 .3 '°® f
. . . o -~ 29 . o
“ue zapacitance of a o, .zeitor is givenm by T o= y» Where V is the magnituce
237 The potential cifF -zmce between the plates, and Q is the magnitude o=
crTzge on one plate. he pozential diffs:ince V between two concentric
sraesres 1is

b, .
V=—§ E=ad

a

To= elecrric field intensity between tos twe spherical shells is

72
4‘1TE:° r

a 4reg r/,
. : Q. (L - i) >
magnitude V = lm‘t—:o 21 b a

Substituting this expression of V into the expression for capacitance C,

we ®mbtain :
- . atb  _ 1 (6.0>= . 3A=10
C = dreq $E2 = o2 (T0)= 67 x 10710 ¢
(b] CRESECT AWSWEE: = dg

The ‘work Tegmir=d to mmove a charge dq thromgh a potential difference V is
dw = W £z

Using the defimitiom of capacitanme, C - 9/V, we find the potential
@iZference across a wapacitor with capacizance C Tarrying a charge q

-9
Y=t

Thesrefnre,

=4
daw qu



10 SEGMENT 41-3

[a] COERECT ANSWER: 4.4 107 cuul/m?
The potential on the conduczxr Zs givem by

’1 (1)

- q
V= 47egy R

where R is the radius of the sphere. The charge may ke cumsidered tc
be concentratec at the cenmzzs of the sphere.

In this problem, the potenr:2l and the radius of the sphere are giwen.
Thus frem (1), we may writs

q = &mey VR (2)
The charge density om the suzface of the sphere is given my
q = 4R2g 3>
Combiming equations (2) and (3), we cobtain

T
4 €

A -8 : 2
iR V= &b x 10 coul /m

=

[b] TCORBECT ANSHER: 0.67 uf

For tie camacivors C- and C,, the: equivalent capacftamce :is simply czhe
sam of thenr:

Co = C; +Cz

Tor the serdes combination of Co,.C3, C, and Cs the equivaient capacitance is

1 1 1
c. 3

1 .
T, G

S

101,01 .1 .1
3.0 3.0 T 5.0 " 3.0
< 10 ) .= 320
=3l +i10=33
or
2.0

Y



[2]

[\¥]

[b]

tn
52}
3!
)—:
m
et
3
‘\
0
[¢5}
-
s

G T a '

CORRECT ANSWER: =
4725 WaZ + b=

The expression feor the potential dwe to whe two charges is
P g

r; is the distancz from q; to P and r, is the distance from q, to P. By
the Pythagorean theorem,

r12=a2-fi-b2
r? = aZ + b2
2
and V becomes
¢ + g
I SR TR

v =
4re, Vaz % b2

CORRECT ANSWER: 6.3 x 107* j
The total wharge in tle capacitmr system remains unalter=d since C, is
originally uncharged. Thus, the net charge on each plate of an equivalent
capacitor C is
The equivalent camacitance of the final system is

€=«xC +Cp (2)

and the final stored energy of the system may be oirtaimed from

_lw?
Ff 2T
or
=1 | =& ~
T IGe, vy R



12 SEGMENT 41-B

la

4% 'ER:
{a] CORRECT ANSWER Te T+ 22172

qv = 1 dq 1 rds
T4meg v T 4megy (y2 + a2)1/2

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

v 1 2Ta \dS _ 1 A 2Ta i
4reo J o (a2 +y2)1/2 4mey (y2 +a2)172])

- A 2ma - Aa
breg (y2 + a2)1/2  2e,(y2 + a2)1/2

{b] CORRECT ANSWER: 3.5 x 103 j

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

dy = Fedx

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

> >
dW = -qE-dx
or
dWw = —q4x2dx(i-1)
= -q4x2dx
Therefore the total work W is
5 .
W= f -4qx2dx
10
x3 >
= 4[5
10

IR

r————

e— i
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SEGHMENT 41-C 1

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 currcnt demsity j,/j,. j; and j, are the current
densities in the portions of the wire where the radii are r, and r,
respectively.

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

3 (29-1, 28-1). 1Two electrodes are placed in a solution that obeys
Ohm's law. With a potentia] 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?



’ SEGMENT 41-C

6 (29-15). In the figure shown below, the following values are given:
€ = 10 volts, r = L.5 ohms, R = 3.5 ohms. How many joules of electrical
energy are converted into heat by resistor R in every second?

— e

7 (29-21). 1In the circuit shown below, find the currents Z;, 15, and <.

9ohms

. Y

h

18 ohms i2

|
18 volts




\
f
i
f

SEGMENT 41-C

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 7 in the circuit shown below?

ET

e
(]

20 ohms
Rz = R3 = Rq = 30. ohms
R5 = 40 ohms

7 volts

(9]
]



4 SEGMENT 41-C

10 (30-16). Write one relation between currents Z, %), and 1, for the

circuit below.

2 : h

11 (30-19). Write the loop equation for the circuit shown below.

that current 7 flows clockwise through the circuit.

A !

&
|

A—

.,
A',
~

A

Assume



i
1.

SEGMENT 41-C 5

12 (30-23). Find the current in the l-ohm resistor in the circuit shown
below.
1ohm 2 ohms.
——AMAA : A ———
I ’ I
- 4 —
3 volts ohms 6 volts
[ ] ﬂz

3ohms

13 (31~1). A milliammeter which has a maximum deflection for

1 = 10.0 10~° 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. ‘

R .
AR @




6 SEGMENT +1-C

15 (31-11) The potentiometer depicted below is measuring voltage P
Find.e2 in terms of ¢, r;, R,, and R.

16 (31-15). 1In the Wheatstone bridge shown below, R, = 5 ohms, e = 10 volts,
and 7, = 0.2 amp. Find R,.




[a]

SEGMENT £~ 7

CORRECT 3r/2

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

I

1}

|

+

l

i
o=

+
R =

"

or

we see that R; and R' are comnected in series, so the equivalent resistance
of the emrire circuit, R, 1s

a&

i

'R14+R'

1
= + =
r 2r

3r/2

]



[a]

[b]

8 SEGMENT 41-C

CORRECT ANSWER: 495 ohms jm————

We wish to find R, the resistance of
the ammeter, given

1 = 1,00 amp

10.0 x 10~3 amp

.
[g)
]

and Rg 5.00 ohms i

Using loop and junction equations we obtain
'Ls+'LC='L
1cRe = 1gRg

Solving for R, , we obtain

TgRg _ (i - 1¢) Rg
'L. - .

c e

[}
i

[R—

495 ohms

‘ 1
L |

CORRECT ANSWER: 625 watts

The power'generated by a heater is given by the éxpressinan:= 1%B. Since {
both heaters are connected to the same source,

o
—

~
—

L}

.
N

~
N
seormcenrt

and the ratio of the power generated is .

. 2 : C
Ry (lel) ot R s

12%R, (isz) iy Ty Ry

. Thus ' o >"

P2

L

]

]
(o)
N
wv
E
]
T
T
w

2 ol 0.8 0.8 | : ' ‘ii



v SEGHENT 41-C 9

[a] CORRECT ANSWER: =z, - tR - €, - ir = 0

an organized method for solving these ci—tuit problems is as follows:

(1) Select the directicn in which you will traverse the
This is arbitrary, either clockwise or counterclocki .

(2) Vrite the ¢'s as positive if they are in the directic- -ou
have chosen; negative otherwise.

(3) Write ZR's (the resistive poremrial drezs) as negative L:
vou gw through tisz resistor in the direction of the current;

Lositive otherwZuss.

For the circuit in ti. . pruulem, starting at point A and going around in
a clockwise sense,

€] ~ iR - g, - 2r f 0

[b] CORRECT ANSWER: 14 watts
! The current in this circuit is obtained by applying tire loop theorem:

. ' €e~-1r -2R =0

( or
. €
v = r +R
? Substituting numerical valueé, we obtain
' . 10 : '
= — =2 = 2 amps
{ tT15+3.5 P

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

e

. : dH 2
— = 1°R
[ : dt
o and is
1' 22 3.5 = 14 watts

dt




(b]

10 ' SEGMENT 41-~C

£ R
.

D

nonR LR . —iie—
COA\.:\AJCT A.L(SWER. rl + R
The potentiomezer Is @ mw!l instrument; i.e., it mzkes measurement by
5iving a zero rezri.ng. Im this case, €7 is measur=< by adjusting the
v.:lzble resistan.: unzil 2, = 0, as measured by t:2 galvanometer. By
wiing down Kirchhoff's voltage rule for the upper and lower loops, we
cIrain

’7;1'1 + LR = €]

7;R2 =
Dividing the bottom ejyuation by the top yields

£a Y o , ;

=N 7;(111 + R)

{38}

or
. s._Rz
2 r, +R

-

CORRECT ANSWER: 0.1 amp

The equivalent resistance far resistances R,, Ry and R, connected in
parallel is ‘

_]:.=.]_'_+l—+l_=_3__.

"R 2 R3 RL* 30
or

R = 10 ohms

Thus the curremt in the circuit is

i= > = / = 0.1 amp
R, + R+ R, 20 + 10 + 40




SEGMENT 41-~C ' il

[4] CORRECT ANSWER: (PA/oi)!/2
The resistancé of é wire, in terms of the rasistivity p, its length &
and its cross—sectional area A, is given by
x (D
The power is given by
P = {%R
S0

(p/R)1/2

A

and, from (1),

.
I

= (Pa/pL)l/?

[b] CORRECT ANSWER: 45 ohms

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

il (R, + Rx) = g = 10 volts
Thus,

_ _10-1_ .-




[a]

[b]

12 ' SEGMENT 41~C
CORRECT ANSWER: %, = 2 amps; ¢, = 1l amp; < = 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 bramch point must equal the current
leaving that point,

1=1, + 1, . (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 -7;9=0 (2)
Similarly, for the inmer loop
18 -7, 18 =0 (3)

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

]

1, = 2 amps

n

7:2 l é.mp

7 .= 3 amps

CORRECT ANSWER: 1 =1, + 1,

Kirchhoff's first rule states that the currenmt entering a bmanch point is
equal to the current leaving that branch poimt. That is,

'L=7/1+7/2

No other relations betwemn 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

an =+

The circuit is essentially given in the following diagram and we mav write

"] £ i=0.40mp down "the following equations
—_— —_—T
.. R VAAAY —~VVVNV—  ;p=i, 400 = 25 (1)
: 4 ohms
1) + 1, = 0.4 (2)
; 144000 ms h From (1) we get
? - -=25volts— . 25 :
. Ty = %00 = 0.0625 amp
E ‘ and from (2)
. I .
§ I}* 2y = 0.3375 amp

Using the value of il, we obtain from (1)

= 74.1 ohms

b eaTaband

i g
i

[b] CORRECT ANSWER: 20 ohms

Using Ohm's law,

ey

V= 1R

?‘ol <

= 100 volts
5 amps

i

= 20 ohms




[a]

[b]

[c]

14 SELINT St=s

CORRECT ANSWER: 1/4
The current density j is defined as

. Current z
J = Cross-Sectional Area A

Therefore,
iy 1 A, A
RUR T
or
il wr22
3 T m?
= 1/4

CORRECT ANSWER: il = 0.1 amp
Let us assume a clockwise current in the left loop, Z;; and a counter-
clockwise current iz in the right loop. The loop equation for the first
loop is :

3 -2y -4(L) +13) =0 . (1)
For the second loop we have

6 - 22, - 4(Z} + 22) -~ 325 =0 (2)

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

.77 == amp = 0.1 amp
11 29 P
CORRECT ANSWER: ¢ = %%

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

and has the units J/coul = volt.
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SEGMENT 41-D 1

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 dirccted 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 10725 kg and charge 2e (3.2 x 10719 coul)
moves perpendicularly to a magnetic induction field of 1.0 X 107% T in
circular orbit of radius .050 m. Find the tangential velocity of the particle.



2 : SEGMENT 41-D

3 (32-9, 32-4).

[

|nln
llvi B

=
A7

[

|

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 % carries current Z. A uniform magne-
tic induction field causes a force of magnitude F to he 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 ¢ = 2 amperes
is in a uniform B field of magnitude B = 3 x 1073 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.




«d
N
el
0
H
=
]
A
v]
£~
b
|
o
N

6 (34-1). 4 single loop of radius P, carrving a current I 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 m.

o
T

\ 77
AN

AV
f N/

. 7 (34-5, 33-14). 1In the Bohr model of the hvdrogen atom, an electron.revolves
; around a nucleus in a circular orbit of radius r = 5.00 x 1071! m with a
: speed v = 2,25 % 108 m/sgc. 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 mazne-
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 uT. The inclination and declination are
73° N and 15° W respectively. What are the eastward (Bg), northward (By)

and upward (or vertical Bv)'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 ¢ from an infinitely long
wire carrying a current Z. What is i
"~ “the total magnetic flux through .
the loop? :
. b
<«—C—> 1
~§T : _ -“-— Q>




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 cross-section of the shell. For which values of r is the magnetic
induction equal to zero?

2

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 %

must the windings carry in order to produce a magnetic field of
1.00 x 10™"% tesla inside the solenoid?

[o}

12 (36-15, 35-10, 33-15, 33-5). A rectangular loop 3 cm X 7 cm is oriented
‘with its longer sides 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 paréllel. What is the force on the loop?

4~

3
-«

/'y

Tig=6A A 7em




SEGMENT 41-D . 5

[a] CORRECT ANSWER: -2.25 x 10723 3
The potential energy for a magnetic dipole moment in a magnetic. field is:
U= -u-B
However, the magnitude of u is
weiA W

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

. . w oo v :
T = qel = Gp 5 = de 5 (2)
and
A= mr2 . ' (3)
Therefore
qgVr
b

The change in the potential energy is

(-uB) - (~uB cos60°)

(]

AU = U - Ug

-- 4 (4)

Substituting numerical values in equation (4), we obtain

AU = - 2,25 x 10723 §:

[b] CORRECT ANSWER: 1.59 x 1072 amp

In the formula for the magnetic induction inside an ideal solenoid, B = uoion,
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,

‘= 4 x 250 _ -1
n 05 5000 m

'Therefpre, the current required to produce a field of 1074 T is

. _ B. _ 107 L -2
Yo T fon T Zm % 1077 x 5 x 105 _ 139 ¥ 107 amp




6 SEGMENT 41-D

[a] . CORRECT ANSWER: 16 m/sec

. R . . . T
A charge g having mass m and velocity v in a magnetic induction field B
experiences a force

F=quxi
If the charge moves in a circle of radius r, this force must equal the

centripetal force. In addition, it is given that v is perpendicular to
B:

mv- - quvB
r v

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

_ 2eBR
m

v = 16 m/sec _ ' : }

[b] CORRECT ANSWER: 27R2B

The rorque acting on a current loop is

i
—_ > > }1
T=U XT38 !
where - -
U o= 1A ]

The magnitude of the torque, when.ﬁ makes an angle © with the direction of
B field is

ZAB sinf ) !

-1
]

or

T L7R%2B sin

The average walue of the torque ;-may be found from

i
J. rd®
-_7°

w
[ e
° T

Therefore . inzBf sinbde

- o : . , it
T= = 2{R?B A

it
[ a0
Yo

~




SEGMENT 41-D

[a] CORRECT ANSWER: BE = =4.4 T By = 16.4 uT BY = =55,5 uT
We choose a right-handed coordinate system with origin at the point in
question.

z(UP)
—
h
=
— 1y 15° |
i
I
|
I
B | B
|

. -
The vertical and horizontal components of B are given by

(]

B, = =B sin73° = ~(58 WT) x 0.957 = -55.5 T

and

(]

By, = B cos73° = (58 uT) % 0.292 = 17 yT

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

Bp = -Bp sinl5° = -(17 uT) x 0.259 = -4.4 uT’

and

By = By cosl5® = (17 WT) x 0.966 = 16.4 uT



(a]

[b]

el

8 SEGMENT 41-D

CORRECT ANSWER: %
1

The force on the rod is
> Y >

F=12 xB8

from which we can write

F = ’LJZ,B_L

or
F
B = e
L 22

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

CORRECT ANSWER: Less than 2 ounces

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

F=gqvx3s

- >
In this case, v is a vector pointing to the right, B 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, ' .

CORRECT ANSWER: r < a and r + «

Because of the cylindrical symmetry, Ampere's law gives B = uoiléwr,

-where 72 is the current enclosed by a circle of radius r. The cylindri-

cal shell has an inner radius a, and so Z = 0 for r < a. Therefore,
B=20forr < a, Furthermore, the current enclosed by an infinitely

‘large circle is finite (namely 2 amp), but since B « 1/r, B + 0 as

r > o,



[}
t:1
[p]
v
£
i
]
~
T
(=)
[¥a)

fa] CORRECT ANSWER: 10 7 nt

4

lwz= <O mA

§
!
i
t
i
!

E v i£= 6A ; 7'cm
|
|

- -
i |
=—2cm -~“>§<—3 cm——D!

|
|

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

_k oluly
"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. = uoi'.»fl:}?.
2 27d!
where d' = 2 cm + 3 cm = 5 cm. . Obviously Fy > F, so the net force is

repulsive and has a magnitude of

Molyta? f1 1
F=F -F=—7 a-a
S 4 x 1077 x 4 x 1072 x6x 7 x1072( 1 1
— 2n A 0.02 _ 0.05

3.36 x 1072 x (50 ~ 20) = 1.01 x 10~7 nt = 10~7 nt

It

next page




fa]

[b]

10 SEGMEXNT 41-D

continued

We note that in addition to the above computed forces, each long s%de‘
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 curreat in the loop, however, is eqyal 1?
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.

CORRECT ANSWER: 3 % 1077 nt-m

-5
The relation between torque T on a loop and field B is given by

T=uxE

‘where ﬁ =1 X is the magnetic dipole moment of the loop and A is the area

of the loop. Thus

(]

T =17 A B sin30° = 3 x 1077 nt-m

L;*'i_bq\‘ ol = T e
CORRECT ANSWER: ‘2’“ zﬁ#‘f a)

\

- The magnetlc induction at the distance x from the wire may be obtained

from Ampere's law:

fﬁodf = gt

and

The flux is given by the expression
: > >
) =.].B°dS

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

ctanyd uib
des 2 pdx = —2—gnfsta
2wx o 27 c
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SEGMENT 41-D

N2

CORRECT ANSWER: 100 m/sec

In order for the particle to remain undeflected, the elecrtric and -izrztic
forces must be equal and oppositely directed. Thiz w: _ ~vield =z net force
of zero on the particle. Hence the farce eguatiom us wricten as

Wi

0= qE + qv X
or

0

E - vB sin®

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

Solving for v yields

= ¥ = _._]'-Q-Qm__,- = S -
VS §mmi 7 slawe T 100 w/sec

G o et s
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SEGMENT 41i-E 1

1 (37-1). A coil of 2 turns in a uniformly changing flux develops an emfi of
10 volts. 1If this 2 turn coil is replaced by a 109 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 ecircular
conducting ring of radius 0.2 m?

T

-~

-~ ~
X X X X N\




5 (38-11, 6). Two parallel wires of equal radius a whose centers are a
distance d apart carry equal currents 7 in opposite directions. F¥Find the
inductance of a length % 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 %, find
the magnetic energy per unit length stored within the conductor in.terms
of 7 and R.

8 (39-1). A series circuvit consists of a resistor of resistance R = 2.0
megachm, a capacitor of capacitance C = 2.0 microfarad, a seat of emf of
€ = 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 ecircuit 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? '



SEGMENT 41-E 3

11 (40-7). A series circuit consists of an inductor of inductance L = 6.0
millihenrys, a seat of emf of € = 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 it's 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 € = 50

volts. How much energy is stored in the magnetic field when the equilibrium
current exists in the coil?



[a]

4 SEGMENT 41-E

gt2

CORRECT ANSWER: 16n

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

‘ﬁ’ﬁ-dt = gt

-which leads to

2
B 2mr = p,t (%%I)
or
Holr
~ 2mR2
where

r <R

The energy density for points inside the conductor is therefore

' :2..2
LM LT
U= 32=_-2 _
o 8n2R

Consider a volume element dV consisting of a cylindrical shell whose radii
are r and r + dr and its length 2. The energy dU contained in it is

Cui2r2
dU = udV = W (211’1'9:) dr
Mot 2,3

4nR“

]

dr

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

’ - R ugi2e 340 o Hot? i
_ o 4TRY roer = Tew

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

Note that this energy per unit length is independent of the radius of the
conductor.



[a]

SEGMENT 41-F ' 5

CORRECT ANSWER: 6.9 % 10™“ sec

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

i = £ (1 - e Rt/Ly (1)

£
R

The equilibrium valué of the current %, is given by

7:oo = % (2)
The time T when 7 = .5 7, is obtained by substituting the values of i
and % in equation (1). Thus

.5 1o = 1(1 - e RT/Ly (3)

or :
‘.5 = e"'RT/L

Taking the natural logarithm of both sides, we find

. or

(b]

_ RT
fn 2 = i
. -3
T = % n 2 = é_fglg—— (.693) = 6.9 x 10~% sec

CORRECT ANSWER: 50 amps, counterclockwise

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

'During the time interval dt, the increment in flux do, is
d¢ = -~ B2 v dt

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

The induced current is

- BAv _ 2% 0.2 %100
o i

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
$) by setting up a field that is anti-parallel to the external field within

the loop ABCD. ' ' : '

. €
tER



fa]

(b]

6 ‘ SEGMENT 41~E

CORRECT ANSWER: 0.1 amp

Since one minute is much larger than the capacitive tine =onstant

RC = 1.8 x 107" 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=2Ce=3x106x6=1.8x10"5 coul

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

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

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

o = -q,/RC
where

Ce = 1.8 x 10”3 coul

%

Substituting the numerical values, we obtain

1, = ~1.8 x 1075/(60 x 3 x 1076) = -0.1 amp

CORRECT ANSWER: 25 J

The energy stored in the magnetic field is

.',_l .
UB——Z-L'L

In this case, the current 7 reférs to the equilibrium current in the coil

which is given by the expression 1o = €/R.

" Thus

. l Ez - ) 2 } .‘ ,‘;.-.
Ug = TLlx E-X 2.0 x (50/10) ZSYJ



[a]

[b]

SEGMENT 41-E _ 7

CORRECT ANSWER: 0.2 volt/m, clockwise

The magnetic flux through the ring is
¢ = 7mr2B

where r is the radius of tﬁe ring

From Faraday's law

- e _ gg
- fEai-- g
» dB

-4 2oy o dB
E27r = - T3 (vr“B) = - 7r

or .

Solving for E yields

r dB
B9 a
The minus suggests that the induced electric field E acts to oppose the -
change of the magnetic field. In this case, the flux ¢ 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 1 must be clockwise and the direction of elec-
tric field E must also be clockwise. The magnitude of the electric field

“is

l
E = =
2t

a1a

(e¥
1l

o=

x 0.2 x 2 =0.2 volt/m

CORRECT ANSWER: 1.1 x 10™ 6 amp.
The equation for charging an RC circuit is
= Ce(l - e~t/RC) ~ S (1)

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

Substituting numerical values, we obtain

3 x 1076 o~1

i

1.1 x 1076 amp



[a]

(bl

8 SEGMENT 41-E

CORRECT ANSWER: 1.2 x 107! 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 7, the work done in duration dt is found from

- = ¢ 49
dW = e dq = ¢ glae

eidt - (1)

where e, the applied emf to the inductor, is
e =1L ac (2)

Substituting this expressic.. for € in equation (1) and integrating, we
obtain e
4 . 4 '
W= Lidi = 2 182| = 1.2 x 1071 g
0 27 o

CORRECT ANSWER: 7.4 x 1072 amp
Since the time constant for the circuit, L/R, is

L/P = 50 x 1073/200 = 2.5 x 10~ sec
which is much less than one hinute, the current reaches its equilibrium
value after one minute of charging. The equilibrium value of the cur-
rent is Z» = €/R = 0.2 amps. :

After the applied voltage is removed, the current decays exponentially,

.i.e., A

i.= (e/R) e RE/L
Thus, after one time constant, the current in the circuit is

2= (e/R) e”! = 0.074 amp



SEGMENT 41-E 9

[a] CORRECT ANSWER: 500 volts
Faraday's law may be written as

(o)
S TS

where N¢ are the number of flux linkages in a coil. The rate of change
of flux d¢/dt will be the same for both the coil and the solencid; thus
€ will be proportional to the number of turns of wire. We may then write
the proportionality R '

10 volts - _X volts
-2 turns 100 turns

X = 500 volts

u. 2 -
(b] CORRECT ANSWER: -2 .Q,n(d_ ~ a)

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

~ J( Bedk = ugi
] » '

v,

) A . we obtain the total field at P:
WIRE#] WIRE#2 uz
o 1 1
B= o ;"'d-f) (1)
X ——-P 7
| |
l““'ﬁ'———d ————— - where x is to be measured from wire 1.

The self inductance of this pair is
obtained from the relation

Li=¢=f§-d’s’ '(’2)

Substitutin% (1) into (2) and integrating over the area whi.l is perpen-
dicular to B between the two wires, we obtain

d-aui ’
;= oo (i, 1
Li -fa. 7 (x+d_x)zdx

Mok © d - a
fn -
i a .

u. 2 -
L = -2 g (d a)
™ a |/

so that

where the flux within the wires theméelves has been neglected.




[a]

(b]

10 SEGMENT 41-E

CORRECT ANSWER: 0.125 J

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

el = % i + 2R

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

by the expression % =-% e"t/RC, the integral of the left side may be writ-
ten as :

00 2 o0
W =f cidt = —R—f e"t/RC 4¢ o o2
(o] . (o]

Substituting the given numerical values, we obtain

©

W=¢2C = (50)2 x 50 x 1076 = 0.125 J

CORRECT ANSWER: 20 nt to the left
The force on rod AD due to the magnetic field is given by
- e -+
F=12 XB
pre
The magnitude of F in this case is

F =148

(50) £0.2) (2.0) = 20 nt

- - '
and the directicn of £ X B is toward the right. Consequently, in order
to help the rod in motion, one must apply a force of 20 nt to ihe left.



