CHAPTER 1

EXERCISES

1.) What is the magnitude of the columbic force
between two point charges of values +3.00uC and
+5.00uC separated from each other by a distance of
30cm in free space. What is the nature of the

force? Answer: F = 1.5N, Repulsive.

1.2 Determine the electrostatic force between rwcf
equal charges of SuC separated by Scm. Answer: F =

90N

1.3 How far does the electron of a hydrogen atom
have to be moved from the nucleus for the force of
attraction in the electron to equal the weight at the
earth surface? Answer:r=5.03m

Me =9.1094 x 10-"'kg

Mp = 1.6726 x 10-’kg

Mn = 1.6749 x 10-"’kg

Charge of electron = -1.6 X 10-'°C

Charge of proton = 1.6 x 10-"°C

Charge of neutron = 0C

1.4 Two small spheres placed 30.0cm apart have
equal charges. How many excess electrons must be -

- %

present on each sphere, if they experienceda . )
repulsive force of 2.30 x 10-*N (assume free space - -
between them). Answer: n =300 cIcctronrg__ AA NS

1.5 Three charges Q1 = -2.00uC, (0, 0)cn; Q2=
4.00C, (0, 10) cm and Q3 =-3.00pC, (15, 0 cm.

a. Find the total electric fofce on the charge at
(0, 0)em NN

b. Find the magnitude ofthé:tolal electric force
in (a) above g""~§;““’

c. Find the anglé that the total electric force
makes with the positive x-axis.

e\~
Answer: (a) F = (-2.4N) i + (7.2N) j, (b)
[F) =7.6N, (c) 0 = 108°
SOLUTIONS*
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Where 3uC, 5uC and 0.30m are charges and
distance respectively?

_9%10° % 3u x 5y
(0.3)?

= 1.5N repulsive

KoQq
2. F=—-;,—,'——'

Where 5uC, 5uC and 0.05m are charges and
distance respectively?

9
F= e Noawoy = 90N repulsive
(0.05)?
3. Force between the proton and the electron
equals the weight of electron

9% 10°x 1.6 % 107" % 1.6 x 107"

K 1
ong: = Mg ; = =
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v
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Fret-x = KQy ( é’ + -—Q-z——)

2 2
dia-x dig-x

Fret-x =9%10°x 2 x 106 (“_‘2’_‘,+ 4x10'*) -

(015 0?
(=2.4N)

FOR MORE COPIES, INFORMATION AND EXPLANATION CONTACT OLAYE FORTUNE @08163721142



Qs Q: ) F = EQ = 120,000 x 1.6% 10-1" = 1. 92 % 107 "*N

Fret-y = KQ, (d1 o + _dl. o

b) @=L 192M0T0 o, 211 % 10'*m/s?
4x%107° 3x10"') e
= 0°%x2%x107°¢(——m—+—2
Fret-y =9%1 X ( (0.1)2 0? ¢) Distance travelled = 20mm = 0.002m

= (+7.2N)j

1
S = -—pit? =0
Foee = (—2.4N)i+ (7.2N)) ut +>at ,where u

1
sb. |F| = JFE ¥ Ff = J(=2.4)7 + (7.2)? § =2
|Fl=7.6N 0002:—)(211)(10th
NS
- -1 fl — -1 —E = - ” b
Sc. p = tan (p,) tan ( 2.4) 72 =137 >{<f16 ;ecand

72° in the negative x axis or 108° in the positive x axis 2. d=2cm= OOZm und Q =3 x107'°C
N
>» =10
KQ-9. x‘lo x3x 1071 _ i

CHAPTER 2 b R '7' T— (0.02)?

EXERCISES
2.1 An electron of charge e = 1.6 x 10-"°C is situated
in a uniform electric field of intensity or field

) 51 = E E, = 20%E(that is, 0.2E)

strength 120,000Vm-'. Find the force on it, its {" " "f- y Eyd} = Epd}
acceleration, and the time it takes to travel 20mm ANV
from rest. (Mass of electron, m = 9.1 x 10-""). N E‘dz
Answer: F =192 x 10-"N,a=2.12 x 10"“m/s’, t = <" ™ = 4ATom
1.37 x 10-°S o %
N - -30,m=1. 0 = -19
2.2 (a) what are the magnitude and direction oftg N 3 M= 62x10720Cm™;Q = 1.6 x 1077C
electric field 2cm from a fixed point charge- of 31) v a p=0Qxd
0 IOC 4 '-.-_.-.-.. .
(b) How far away from the point ‘charge does the p 62x1073°
field drop to 20% of its original value, ‘3\ d= 0-16x10° =3875%x10""'m
Answer: (a) = 6. SXIO'N/C“md outward '
(B)= %o Oy b) E = 1.5 10°NC™
@ S

2.3 A neutral water mplecule 40) in its vapor state tmax = EXQ X d
has an electric dipole moment of magnitude 6.2 x 10-
e A S " fae = 15 X 104 x 1.6 X 1071% x 3.875 x 10712
a. How far, apart»me the molecules centers of
positive and negatwc charge? Tmax = 9.3 X 10726Nm
b. /-lf' the molccule placed in an electric field of
1.5 »A O‘N/d what maximum torque can the field 4, d=05m:E =2NC™!

omit?™ ' KQ

.\ Answer: (2) 3.9 x 10-"m B=-m
N 4 .3 x 10-#N. 2 2
(b).93 10-*¥N.m O=E:: =2:><((i(5)2 e s iy
2.4 What is the magnitude of a point charge whose
electric field 50cm away has the magnitude of
i CHAPTER 3
Answer; 5.56 » 10-''C EXERCISES

SOLUTION ' 3..1 The nucleus of an atom has a charge of 3¢ where

1. E =120,000Vm=" And @ = 1.6 X . e is the electronic charge. Find the flux through a

10~'%C and mass = 9.1 x 10~ kg



sphere of radius 1A (1A =107%%m) answer: 543 x
10-*Nm#/C

3.2 A physicist surrounded a point charge of 5.0nC
with a sphere of radius 0.26m centered on the charge.
Calculate the electric flux through the

sphere. Answer: 5.66 x 10°Nm?/C

3.3 What will be the magnitude of the electric field
strength at a point of 5.0cm from an infinite ]mc of .
charge of linear charge density 18.0pC/cm situated in
a medium of relative permittivity 1.57 Answer:
4.3 x 10°N/C

3.4 A negative point charge 4.8uC is surrounded by a
sphere with radius 0.55m centered on the charge.
Find the magnitude of the electric field and electric
flux through the sphere due to this charge. Answer:
1.43 x 10°N/C, 5.42x10°Nm*/C?
SOLUTION
(¢ = 8.85 x 10~'2Fm™! s the permitlvity of [ree space)

1. e=16x10""°C

3e=3x16x10719C

3x1.6x10°"

o
an

-,

-

Q -8 r 1
e ——————— = 5,424 X 10"°Nm*C~
g, 885x10712 5.424x1 “
l‘. \'
2. Q=5uC=5x10"%C -~ b 4
lfz‘_"'b“ ":1:&." )
5x10°¢ PFAR S
e 5.65 % 1nﬁgjrﬁ2,grth}:

LN

r=5cm = 0.05m; A = 13;‘(;,_.,,:3::::.}‘:}

18 x 10~Cm~%;¢, = 1.5 \\b \
AN

A _ 18 %107

E = =
2MrEgE, 2XTW ﬁ-o.gs,rxs.ss x10"12 x 1.5
=4.32 X 10°NC?
S, Yaadd’

3.

4, Q= 4.9;46;;4 _8 53'10"0; r = 0.55m

\a. 1 .
" KoQ'49 X 10° x 4.8 x 1076
L\ 0.552

A =1.43 x105NC?

4.8%107°%

= Besxioi 5.424 x 105Nm?¢?

&

CHAPTER 4

EXERCISES

4.1 Josh stored an electric potential ener )
of 2,

a vacuum of 1.00m’ by a field E. If the ﬁg:;d : 5)in

reduced to ¥ of its initial value, how much

A anin
stored per cubic meter? Answer: 0.2)/m? ergy is

4.2 A professor accelerated an electron of mass 9.1 x
10'SN/C between two parallel charged plates of ‘
separation 1.7cm. Calculate the velocity with \'nh_:c.h
the electron leaves a hole in the positive plate ifitis
accelerated near the negative plate.

Answer: 4.2 x 10"’m/s

4.3 Professor Ikechukwu placed two point charges
such that charge Q1 = 3.0uC is placed at x =0 and
charge Q2 = 2.04C is located at x = 50cm, Calculdte
the work done by an external force to'bring'a charge
Q3 of magnitude 1.5pC from x = J00cm (k= 9 x
10°C*/Nm?) answer: 9.5 x lo-ﬁh“-{\“
A

4.4 If Professor Ikechukwu was to Calculate the total
potential energy of the systém of three charges in
question (4.3) above".‘-\_\jlat,y‘dﬂd the value
be? Answer: _2_:03‘19"-"1

O\
4.5 What is the electric potential energy between a
proton and an electron in a sodium atom of radius 5.9
% 10-*m? “Answer: -5.28 x 10-7)
SOLUTION
W 1\ Energy density(U)=——2% =

L. -1
volume 1 25]111

", " The proportional relationship between energy

LY
*

density (U) and electric field intensity (E) is

1
(Note U = EEUEZ)

1
U1 = 2.5]m-3; Uz =?: EI — E;Ez =ZE '
25 B
U, (0.25E)?

. .25E)?
U, = w: 0.15625/m™3 = 0.2Jm™3

2. E=91x10NC ;Mg =
9.1 x 10~3'kg; Qg = 1.6 X 107*°C;u =

Ooms~Y;v=7;5s=17%x10"%m

F=Msﬂ=Q;E
h c'a--‘?—EE
ence;a = My
v? =u? +2aS
_ |2QcES
f: Jroe



2x1.6x10719 %91 x 10" x 1.7 x 1072
o T 91x 103"

v=74x10"%ms"!
3. W=KQsGE+7)

3x10"% 2x10°¢

—_ q 3
W =9x10x15x 107°( T + =
W=9.5x10"?
P RS i £~ -
.i. e
IR C."’ -
g J:‘Z.'\: do7 ot
25y 4 e
4' —_—
Q1Q2 Q.05 , 010;
o ot dl»z dz.a d1.3 )
Ix10"6x2x10"°
W, =9 x 10°(

0.5

0.5 .
43X 1076 x 1.5 x 10862 \‘;

I g
N J
Wiotar = 2.025 x 107}y OSSN
L T
N, )
5 W= KoQpQe _ 9x:.o’xf.dxm"'3?3"u.ax1u'“
' T TN 5910720

N O\J

Wo 391‘ x 10~%)
e ——
EXERCISE“\.\_ :v" ‘
5.1 Ca!gulat\e/the_capacitance of two plate’s arca 4cm?*
scpugted-b‘y-Qnim. Answer: 3.54pf

o\

524 G;Jf capacitor is charged by a 12V battery and
then disconnected. It is then connected to an
u[u:hangod 3uf capacitor. What is the final potential
difference across each capacitor? Answer: 8V

5.3 Capacitor C, = Suf and Cz = 8uf are connected in

SeTies across a 9V battery. How much energy do they
store? Answer: 1.25 » 10-4)

2x1076x1.5%x 10~ - N

5.4 A parallel plate capacitor of plate area 0.04m? and
plate separation of 0.25mm is charged to 24V,
Determine the charge on a plate and the electric field
between the plates. Answer: 3.4 x 10-*C, 0.6 »
10*V/m

5.5 The serics combination of capacitors C, = 2uf, C:
= 3uf is connected in parallel with Cs = Suf. What is

the equivalent capacitance of this P
arrangement? Answer: 6.2uf ¢
SOLUTION N

1. A=4cm? =4x 10"m’:d'==\\i‘ﬁ'im‘;=
1 X 1073m; £, = 8.85 X, 1032 P
oA _ B.85 X 10=13e.4'% 10~
T d < 1'% 103
C = 3.54 X10™YF = 3.54pF
2. €, =6uF =% SF;V,=12V; C, =
3uF = 3 x107%F
\ :th' V(G +C)

., &

. . \\V
LGVl 6x10"5x12

{'_}Z‘L‘m C, (6x%10-%)+ (3 x1076)
™ )

™\ V = 8Volts

-

b’

! ¥ C, C: 5x8 _ 40
Ty ‘3 c =——-—-’=‘_"-——

=—ufF

AN CTT o+ st 13

1
Energy = ECV’
. 1 40
Energy = 3 X (ﬁ P 10"‘) x 92

Energy = 1.25x107Y

4. A=0.04m*d = 0.25mm = 0.25 x
1073 m; V = 24V

-

_ EQAV
Q=

G - 8.85 % 10~'2 x 0.04 x 24

- 0.25 x 10-3

Q=34x10"%C

v 24 P
_—= = V
== oaExigs = 6% 10'%m
5. Cnrln = 23 1.2uF

Cy4Cy 243

Crotatparatter = 1.2uF + 5uF = 6.2uF



CHAPTER 6

EXERCISES

6.1 A parallel plate capacitor consist of two plates
each of area 200cm?, separated by a 0.4cm air - gap
and is connected across a 500V source. Find the
charge on it. (eo = 8.85 x 10-*F/m) Answer: 22nc

6.2 A parallel plate capacitor has area 4.8cm’
separation of plates 1.5cm and dielectric constant 6.0
when given charge of 10pc, the potential difference
across the plates is half of the maximum acting

voltage. Determine the dielectric strength.

Answer:
7.85 x 10%/m.

6.3 A certain capacitor has a value of 0.20puF when
filled with air and 0.482pF when filled with oil.

Calculate the dielectric constant of the oil

. Answer:
k=241

6.4 Find the capacitance of a parallel plate capacitor

which consists of two plates, each of area 200cri? and

separated by a 0.4cm air - gap. Answer: Co =
44 .0pF

6.5 Referring to question (6.4), a 500V source is

6.11 A d.c source of 500V is connected across two
capacitors of capacitance 2uF and 3pF in parallel.
What is the electric charge through the 2pF?

6.12 What is the work done in moving a positive

charge 1.2 x 10-°C across two points 6cm apart.
(Take Yameo = 9.05 x 10°)

5
F 4

6.13 A simple capacitor, consisting of two msnlatmg
parallel plates, has a capacitance of 0.001uF and -
receives a charge of 1.0pC. What is thie' potmnal
difference between the plates? What would be the
capacitance be if the area of cac!rplutc were tripled
and the spacing between the:platcs halved?
' x
6.14 A capacitor which_ wﬂl storc cnough energy to
light a 75W light bul’bJ’or ‘15 minutes is to be built. If
the available potcntlal'diﬂ%rcncc is 150V, what
capacitance is ﬁeeded?
QO N

6.15 A cnpuc_ltog consisting of two air spaced parallel
plateé. each.of effective area 1000cm? spaced 0.1cm
apnrt is gdnnected across a constant voltage source of’
5000V ACalculate the charge of the capacitor. (e

-..‘:‘~.. 854‘x 10-'7F/m)
connected across the capacitor and a liquid with K = A -

2.60 are poured between the plates to fill the air gap.

N N
Find the additional charge that will flow into the N
capacitor from the 500V source. Answer: 3511{5 o
g

6.6 Find the energy stored in a capacitor of __ "\
capacitance 1.2uF when charged to 3kv: \\\Anwcr

5.4 Joules
,»\.\ \L

6.7 A sheet of plastic 50cm mdcand 0‘2 x 10-* cm
thick between metal foil of the’ same width i is used to
make a 4.0uF capacitor. {f the dielectric constant of
the plastic is 2.8, find its length. Answer: 6.456m

N\ I
6.8 A 600uF capacitor discharges through a 100kQ
resistor. Calculate the time it takes the charge on the
plalcs to decay by . Answer: t = 30.65secs

Hum. ar wap( VRC)

6. 9 An el:ctromc flashlight mechanism used with a
camera is activated when a capacitor is discha:ged
through a filament wire. Calculate the maximum

charge on the capacitor for a filament that requires

5.4 » 10-] to fire properties with a battery of emf
12V. Answer: 9 * 10-4C

6.10 Calculate the equivalent capacitance between
points A and B in Fig. 6.5:

N

SOLUTION

1. A=200cm?=200x10"*m%V =
500V;d = 0.4cm = 0.4 X 10™%m

0= gAV  8.85x 10712 x 2 x 1072 x 500
o 0.4 X 10-2

Q=22.125x10"°C = 22nC

2. A=48cm?=48x10""m?%d =
1.5em=15x10"2m; &, = 6;Q =
10uC =10 x 1076C

(Note; e, =

Emedium _ Eo

vacuum E

10 x 10~6

S 48X 107 xBBSx 10-17 g




E =3.923 x 108NC™!

V = 0.5V,
Ea, Vo
E V
_ EVo _ 3923x10°xVo _ vy —1
By = ="t = 1-85x10°Vm
3. &= Cm
Co
Crmedtum = 0.482uF; Cqyr = 0.20uF

0482uF

e T

4. A=200cm? =0.02m?;d = 0.4cm =
0.004m; £, = 8.85 x 107*2Fm™’

e gA _ 885X 10~'% x 0.02
o= "d ~ 0.004

Co = 44.25 x 107'2F = 44.25pF

5. & =2.6;V =500V

P"“'\\ tny
Cn = 11505 X 10719F ¢ \ "\
'a ""\‘ T
. Qaaaitionat charge = Qiquid gas.= = Qatr gap

F" . 5_)1’
Qadditional charge ={¥(§'¢E‘>6)

N NS
Qndd(tlanal = 500 % lq 1&@505 — 0.4425)

N\
Qu.ddlllamll '_\63,_.-5525 10-°C = 35.4nC

6. Energy ‘y

- '\"
W W%
o T

AEnerpy 'f-l- x (1.2 X 107%) x (3 x 10%)?

Ny ‘-47 Energy = 5.4Joules

)
7. Breadth=50cm=0.5,d = 0.2 X 10~%2cm =
02%10"*m;C = 4uF = 4 x 107%F; ¢, =
2.8; length(L) =7

e EgA _ E EoLB
d d

Cm =

Cond 4x107%x02x 107"
i e B T 2.8%x885%x107% x 0.5

Length = 6.45682m

t
8. Q = Qo(1 — e 7C) (the discharge formula)

2
Q= 30; Qo = Q:C =600 x 10“.°F_;
_ 10, . " -" -
R=100x10 ﬂ'z.‘/’;‘?.." *
2 £~ “q '-'._\ .
= Q = Q(1 — e 600%10-¢100x107)

f B¢ ‘—"30 65seconds
\ NI

/_
9( Enez'gy = -Z-QV

_ 2Energy _ 2X54X 1073
-."};’L e 14 o 12

:'-.""‘,J-/-"-'
2 Q\ Q=9x10"*C
Con = Co X &, =4425%x 1072 X 2.6 .~

10. k-
C; amd C,(Cz5) = = 2.67uF

Cz7+c‘+65+65=2.67+4+6+2=14.67}1}:

4 X 14,67

= ————— = 3.143uF
T T e

Cabove and C,

Cefrective = S + 3.143 = 8.143uF

1, Q;=0CV =3x10"%x 500



0, =1.5%x1073¢C

12. Q =12x%x107%C;d = 6cm = 0.06m; k =
9 x 10°Nm?C?

KoQ* 9x10° x (1.2 X 107°)?

Work = =
o d 0.06

Work = 2.16 x 107]

13. € = 0.0014;Q = 0.1uC
a) V=2%=_£_ = 1000volts

Cc 0.001pu
Cyd C,d
b) 191 = 292
A Az

C, = 0.001 X 10-¢F; A, = A; d, = d;
Cz =?;A2 = 3A4; dz = (0.5d

- _CdA;  1x1077 xd x34A
27 Ady A x 0.5d

C,=6x10"°F

14. P = 75W;t = 15mins = 900secs;V =

W)
(—'—7&%‘:\\""&%

s % .
9 -t

2Pt 2x75%x900C__ '\
vz 150;..;-_};1%‘;_\_}

1
= = 2
Pt 2C.'V

C=

- 6!_«_'.-_““' :."“..__)?‘L‘
" NN
15. A = 1000cm? /=___0.im?j'd = 0.1cm =
0.001m%; V = §00V s
£, AV =885 10712 x 0.1 x 500
=2 N~ 0.001
R ¢ ‘3..& 4.425x1077C
v

CHAPTER 7

EXER ES . ;
7.1, Determine the equivalent resistance of the

resistors shown here. Answer: 20

7.2. A 6uf capacitor is charged through a 5-kQ)
resistor by a 500 power supply. !riow long does it
require for the capacitor Lo acquire 99% of its final

charge. Answer:t= 0.14s

7.3. A 1.5-V flashlight battery typically has an
internal resistance of 0.3002. What is its terminal
voltage when it supplies 48mA to a load” What
power does it deliver to the load? Answer: | 40V,
0.07W.

7.4. Consider a meter whose coil has a resistance of

20.0Q and that deflects full scale when the current in

its coil is 1.00mA. The corresponding potential

difference for full-scale deflection is Answer:

0.02V oy v
_,.!:“ \ “"'\ h Y a

7.5. An 1800W toaster, a 1.3kW electric frying pan

and a 100W lamp are plugged into the.same 20A,

120V circuit. What current ig"dock bj"cach device

respectively and what is the résfstatice of each device

respectively. N

Answer: |1 = 15A, lv= T1A, ¥ = 0.83A, Ri = 8Q, R:

=110,Rs = 1440\

N \'- d‘-

7.6. An ammeter-was designed to read 1.0A at firll

scale usifig a palvanometer with a full scale

sensitivity of SOpA and resistance of 30Q. Find the

resistance of the shunt used.

" Angwer: 1.5mQ

o = 79. kccording to the question in 7.6 above, ifa
bl =2 '{\'__: “._ voltmeter that reads from 0 to 15V is to be designed,

what will be the resistance of the multiplier
used? Answer: 300kQ2
Ix

SOLUTION
6
— = 20hms

1.  Rpetween 30hmamd 6ohm = 3.4

Reeries = 20hms + 20hms = 40hms

4x4

Re[{cct(ve i 4+4 = Zohms

2. togss charge = 4.61 x time constant

f=RC=5x103x6x10“‘
r=0.03
toog = 461 x0.03= 0.14seconds

E=15V;r= 0.300hms; 1 = 4BmA =
0.048A

3.

v=E-Ir
v = 15— (0.048 x 0.3)

V=149



P = JE = 0.048 x 1.5
P = 0.07Watts
4. R =200hms;] = 1mA = 0.0014
V =1IR =0.001X 20 =0.02V

5. Proast = 18()(]14.";}5’1,”l = 13(]()14;;]:.h”“p =
100W; 1 = 20A;V =120V

1800

- Pl'oa.ster . 154

Iraaster = V -~ 120

fpm =—=—=10834A= 114

P, 100
hamp =_‘:.“_P=m= 0.834

oV w0 _
toaster — ’tu”ter - 15 = Bonms

- \
n-.'\.-"
50 x 107% x 30 ooy
= = 1. X’ RN=
Rs=T-Gox109 1;\:%0: ="1.5m0

4 /)I ‘..‘R: :‘. .
R 2999700 = 300k
2 5N
CHAPTER9
y, ! ISE
9.1. An He*+ ion travelling 2x 10°m/s moves

perpendicular to a magnetic field of 0.75T. What
force does it experience? Answer: 4.8 x 10-"N

9.2. In a photographic emulsion, the track of a proton
moving perpendicular to a magnetic field of 0.60T is
observed to be a circular arc of radius 1.2cm. What is
the kinetic energy of the proton in

electronvolts? Answer: 2480eV

9.3. An.t‘:lcctron moves with speed 3.2 x 10°m/s in
the positive x direction in the presence of a magnetic
field B=0.1i + 0.3j - 0.2k (in teslas). What force
does the electron experience? Answer: 5.8 » 10-*N

9.4. A singly charged ion of lithium has a mass of
1.16 x 10-*kg, It is accelerated through a voltage of
600V and then enters a magnetic field of 0.60T
perpendiculnr to its velocity, What is the radivs of the
ion's path in the magnetic field? Answer: 0.016m"
\\. \.\'-\_. '
9.5. A straight wire lies along the x axis.and carries a
current of 2.0A in the positive y'direction. A uniform
magnetic field of 0.08T in thé x-y plane makes an
angle of 60°with the wire. Determine the magnitude
and direction of the magnetic force on a 1.5m
segment of the wireS-Answer: 0.2IN Z - direction
[N N,
[ e T .
9.6. In a loudspeaker; & permanent magnet creates a
magnetic field of0.J2T directed rudially outward
from the'z axis. The voice coil of the speaker has 60
turns and a cadius of 0.013m and is positioned in the
x-f‘plaric'._Whal force acts on the coil when it carries
“i current of 1.5A? Answer: 0.88N

-

‘t._.\‘i-\ Y
F:\;"\.‘;."J. A certain location in the Southern hemisphere,
") "\, carth's magnetic field has a magnitude of 42T and
. points upward at 57° to the vertical. Calculate the

flux through a horizontal surface of area 2.5m?

9.8. A long solenoid with radius of 25mm has
100turns/cm. A single loop of wire of radius Scm is
placed around the solenoid, the central axis of the _
loop and solenoid coinciding. In 10ms the current in
the solenoid is reduced from 1.0A to 0.5A ata
uniform rate. What is the emf that appears in the
loop?

9.9. An elastic conducting material is stretched into a
circular loop of 12cm radius. It is placed with its
plane perpendicular to a uniform 0.800T magnetic
field when released, the radius of the loop starts to
shrink it an instantaneous rate of 75.0cm/s. What is
the emf induced in the loop at that instant?

9.10. An electric generator consist of 100turns of
wire formed into a rectangular loop of Icnlglh 50cm
and width 30cm. If this loop is placed entirely in a
uniform magnetic field with magnitude B = 3.50 r.
What is the maximum value of the emf produced ‘
when the loop is spun at 1000rev/min about an axis
perpendicular to B?



%.D%)%ze--ulﬁxio -19.B =
0.75T;V =2X 105ms™%; @ = 90°
F = QVBsin®0
F=2x16x1077X2X 108 x 0.75 X sin90
Force = .8 x 107N
2. Kinetic Energy = (—Q:—"—:-)-z-

1 (1.6x107 -19 % 0,60 X 1.2 X 107%)?

Rl 1673 x 10-7
K.E = 3.97 x 107*¢Joules

3.97 x 10716

T R

K.E=

K.E = 2478.9eV = 2480eV

3. VxB=32x10° 0 0
0.1 03 =02

5. B=0.08T;I= 2A; 1l = 1.5m; 0 = 60°
F = Bllsin®
F = 0.08 x 2 X 1.5 X sin60°

F=0.208N=0.21N
W

6. B =0.12T;n = 60turns;r = -ocmm.f-

1.54 g \}

F= B!(n‘ZirR)“‘* e
£ \
F= 012)( 1%‘5(60x‘n2xnx0013)

F =0 8822N = 0.88N
A C
7. B= 42 =42 x 107¢T; 0 = 57%A =

X

‘;.

@ = ABcos®

.‘l uk VW @=25X%X42X 107 x cos57°

o @ = 5.72 X 10-Wb

V x B = i(0) — j(—64000) + k(96000 :Q:\\ 8. Number ofturns per unit length =

V x B = 64000; + 96000k ‘f{ &

F=Q( x B)(_,*‘\\“
F=16x 10-19(64qu\9@00k)
F = (1.024 x 10-" j +'«1ése x 10~ 14k)N

\.k
LY o

\Fl = (. 024 xqo-l*)z + (1.536 x 1071%)?

F--1 84 x 10~14
~,\\l\l 0-4N

L

S - L e

o~
&
\J 2 X
" Radius = Myienium X Vaccelerate
\ QB?

. 2% 1.16 x 10-26 x 600
1.6 X 10719 x 0,62

Radius = 0.0155m = 0,016m

100turnsem™! = 10000turnsm™*

Loop area of solenoid = nr?

T
- =-3y2 — 2
(25 %10 1600

L=r=0.05m

de¢
E—N-&-t'

taking as N
= 1 and B as restricted field to core

_ AdB
T odt

B =nlyy

B =10,000x (1 - 0.5) X 4 x 1077

T
=T
5 =300

T % m N 1
E =71600 500 10x10-3




n? '
= — VYolts = 1.
E BOOOVO s 2my

dr
r=12cm = 0-12m:3t- = 75cms™?
= 0.75ms™1

dA 5 (dr) 2
—z =2 () = 1(0.12)(0.75)

dA"USﬁSS 2
5 = 0 m?s

E =-1x0.8x0.5655
E = —0.452volts
10. n = 100turns; ! = 0.5m; Breadth =
0.3m; A = 0.15m?; B =3.50T;f =

1000rev __ 50

—_— rev/sec

Epax = (21rf)AnB

e
v AR W

_(erx-—)xUSxDBxlDOxOlS UM

" Epmax = 1750nVolts {\{‘&“ 5
CHAPTER 10 x\{"}

EXERCISES
10.1. A capacitor of capacntanceﬂ()uﬁsponnected to
an ac source whose potcntlal d\lkff rengevanes with
time according to the equatlon V= [lzsm {500t})V.
(a) calculate the capac:twe resrstance (b) Calculate
the amplitude of the curzent,
10.2. A rcs:storof ;cs:;tancc 44.7Q is connected to
an AC voltage thatyaries with time according to the
equatio ('ﬂsm.j 100t}) V. Write down the formula
for thr. nstantancous current as a function of time.

\..

10 3 2000 resistor, a 20H inductor and a SmF are
e}ed in series and then connected to an AC

source whose potential difference varies with time
according to the equation V= 1205|n.( 15t) V. (a)
Calculate the impedance of the circuit (b) Calculate
the amplitude of the current (¢) Calculate the
amplitude of the voltages across the resistor, inductor
and capacitor.

104. j['he_tuning circuit of a radio consist of a series
combination of 1000Q resistor, 0.004H inductor, and
a variable capacitor. To what capacitance should the
capacitor be dialed, if the radio is to pick a signal
whose frequency is 2 x 10°Hz?

(Hint: the capacitor should be dialed to a value that

makes the resonant frequency equal the frequency of
the signal)

p
10.5. A 500 resistor, a 60H inductor and 0.006F
capacitor are connected in series and then connectéd
to a potential difference that varies with.time . )

according to v = 20sin(20t)V. Calmﬂate the-average
power dissipated in the circuit. (a.\ N

10.6. Suppose R = 25Q, s= 30mhand C = 12yF and
they are connected to a QDVac (rms) 500Hz source.
Calculate (a) Currentin the éircuit (b) Voltmeter
reading across each\lemuﬂ

SOLUTION("

1. Ca\ zouFé— 20 X 107¢F

<) “‘\ V, = 12s5in500t
Xo= b : = 1000h
T HC T 500 x 20 X 106 ame

JI,, mCV,,-SOOxZOxlO"le 0.124

2 R = 44,70hhms

V, = 71sin100t

g =Y 1o 4 5g8sin100t
3. R = 2000hms;L = 20H;C = SmF =

0.005F; V, = 120sin15t

Z= J(X,_ - Xc)? + R?
= |[(wL - —1—)2 + R?
wC
Z= [(15x20- ——1——-)'*’ + 20072
15 x 0.005

40
(300 — ?)2 + 2002
Z = 349.50hms = 3500hms

1'0=WCVO
I, = 15 x 0.005 X 120
' }Io=99A
o
=2 = =45VZ4
™2 2 VR

Across ResistorVy = IpR = 9 x 200 = 1800V

Across InductorVy = IpX, = 9(300) = 2700V \
40
Across capacitorVy = [, Xe =9 (—3—) =120V
4. R =10000hms;L = 0.004H; f, =
2 X 10%Hz

1
2nVLC

fo=



1
VIC = T
1
A (erfo)
1 1 ,

¢ =5008 * Grxzx 109

C=1.58 x107'2F = 1.58pF
5. R =15000hms;L = 60H;C = 0.006F;

V, = 20sin20t

i
anerﬁge e E}oVOCOSG

Z=\/(X,—Xc)*+R*

1
7= L—-—)2+R?
J(w ac)

1
_ —— ¥ 2
z J (20 % 60 — So—"5008’ T 200

Z = 1292.30hms
po R __500
cos¥ =7 = 12923

Iy = wCV, = 20 x 0.006 x 20 = 2.4A

1
Pavearage = e 2.4 x 20 x 12923

= 9,29Watts
6. R = 250hms;L =30mH =

P, ¥4
0.03H; 124F; Yms = 90V f = S00Hz
\‘“ 3

Z=JX—=Xc)2+R2 £ %\
_ ‘[( L C) e.- ‘*%i;:kw
1
Z= J(z,rﬂ, — ——)% 4 RZ==,
2 f.i Y, '
nfC =.,_§ . r.))
Z = [(2m % 500 x 0.03 — ’{ﬁi{!’*'} 2 + 252
- ' Zn;.‘x‘S\O‘D‘x 12p)
\\\—}
AN ;
Z€=-;z‘\2:190hms
Vs 90
} & e T  e— -
%.k 7219 1.254
A “v\ “’J

The ﬁqltgzﬁéier reading = root —

_ You
¢ squared voltage =
Ql{d‘q-\ q g 90V

o,

N &

CHAPTER 11

EXERCISES

11.1. What is the energy of the photon that will raise
a hydrogen atom from its ground state to the n = 4
excited state.

11.2. Calculate the speed of an electron in the second
Bohr orbit

11.3. What frequency of light would excite the
electron of a hydrogen atom for each of the following
states (a)n=2ton=5 (b) Fromn=2ton=w

I1.4. What is the photon energy of visible light
having wavelength 6328nm?

11.5. An FM radio station broadcast at a frequency of
98.9MHz and radiates 750KW of power. How'thany
photons are radiated from the station's artenna eaéh
second? 2\ "’*tl':'*«, '

c':;-'l’h -“"-q \-‘."-.

11.6. Use the Bohr model to deﬁrﬁi:ge-ﬁ?c ionization

energy of Helium ion whichasa single electron

SOLUTION %o N

~N O
1. E :gg@(g)
&

“;a dtomic no;n = primciple Q.N

N
ﬁ\ N 12

\ V¥ E=136 (4—2) = 0.85eV

V2 E=136eV (5) = M2
2

E=136 (%) = 3.4eV = 5.44 X 107

2XE

V= [

M.

2 % 5.44 x 10719
V= T91x10"%

v = 1.09 x 10°ms™
1 1
3, AE=218X lo—m(nz -

2
initial  Tfinal

5

Ninitat = 2i Nyinal =
e .
AE = hf =218x 107 (53~ 57

2.18 x 107*° (l . l)
f=g63x10*\4 25

f2105 = 6.9x10'*Hz
1

2
“ﬁnal

1
AE = 2'18 N 10‘10(’11’2nltial N )



n‘ﬂ“dl = 2; nﬂ“al = 0o

AE = hf = 2.18 x 10-'3(513__13)
00

2.18 x 1018
f= (l_ )

T 6.63 x 10-3% \4
f2t00 = 8.2 X 10" Hz

4. E=X
A

A =6328nm = 6328 X 10~ %m

_ 6.63x 1073 x 3 x .103
6328 x 10-1°

Energyof photon = 0.085]

P

5. photon per second(N) = -

f = 98.8MHz = 98.8 X 105Hz; P = 750KW
= 750 x 10°W

750 x 10°

N = 663 % 10-3* x 98.8 x 10°

e Y
N

AN
f.q\ . \
SN

Z = atomicno=2;n= pri{;fblEaQ\?N =1

: 22 .*\_\'h.
E =13.6 Q—z) =_54.'4-'EV
PETAY o

\

6. E=13.6eV (ﬁ;)

y

"HAPTER12

EXERCISES o

12.1. A 0.01nm.gama ray strikes an electron at rest
and scatters directly backward. From conservation of
rclati_vf‘sticmr‘rlbrr'i'cntum and energy, compute the
wavelefigthof the scattered photon and the kinetic
energy ofthe electron which is knocked

forward, Answer: 0.01485nm; 40.5keV.

12.2. A 200MeV photon strikes a stationary proton. If
the photon is back scattered (© = m), what is the
kinetic energy of the recoiling proton? Answer:
4691MeV '

N

12.3. X-rays of 500KeV are incident on the target of
almost free electrons. Find the energy and the angle
of the scattered photons if the recoil energy of the
electron is 350keV. Answer: 150MeV; 1.7°.

12,4, The threshold wavelength for potassium is
558nm. What is the work function of potassium?

What is the stopping potential when light of 400nm is
used? Answer: 2.228¢V; 0.88V p
12.5. Monochromatic light of wavelength 450nm s
incident on a clean sodium surface of Work'function
2.3eV. Determine (a) the energy of-a photori of this
light; (b) the maximum kinetic energy-of emitted
electrons; (c) the threshold frequency for sodium and
(d) the magnitude of the momefituii of a photon in
the incident light. Answer:2.8eV; 0.5eV; 5.6 x
10"Hz; 1.5 x 10-=1kgni75”§%_:‘~»"‘
%'.. “‘6‘:":“"
12.6. The surfagg ofa ﬁietal alloy is illuminated with
280nm light'in the_presence of oxygen. As the
surface gradually becomes corroded, the stopping
potential chaniges from 1.3 to 0.7V. Determine the
corresponding changes, if any in (a) the maximum
,‘kiqgtigtgnergy of electrons ejected frolm the surface,
< (b) the'work function and (c) threshold frequency.

) &

- Answer: 1.3 to 0.7eV; 3.1 to 3.7eV; 7.6 x 10" to 8.9
‘*’Q X 10"Hz,
N = 1.145 x 10*'photons per seco _dgfmﬁ i

12.7. A surface is irradiated with monochromatic
light of variable wavelength. Above a wavelength of
5000A, no photoelectrons are emitted from the
surface. With an unknown wavelength, a stopping
poteniial of 3V is necessary to eliminate the
photoelectric current. What is the unknown
wavelength? Answer: 2266A.

12.8. Light of wavelength 4000A liberates
photoelectrons from a certain metal. The
photoelectrons now enter a uniform magnetic field
having an induction of 10-*T. The electrons move
normal to the field lines so that they travel circular
paths. The largest circular path has a radius of
5.14cm. Find the work function for the

metal. Answer: 0.788MeV.

12.9. The threshold wavelength for potassium is
558nm. What is the work function of potassium?
What is the stopping potential when light of 4000m is
used?

12.10. A surface is irradiated with monochromatic
light of variable wavelength about a wavelength of
5000A, no photoelectrons are emitted from the
surface with an unknown wavelength, a stopping



potential of 3V is necessary 10 eliminate the
photoelectric current. What is the unknown
wavelength?

12.11. X - rays of wavelength 0 2nm are scattered
from a block of material. The scattered X - rays are
observed at an angle of 45° to the incident beam.
Calculate the wavelength of the scattered
wavelength.

SOLUTION i
Comptons ef [ ect(wavelength shift)

for electron; AA = 2.34 X 10~'*(1 — cos0)
for photons; AA = 1.32 X 10-15(1 — cos®)
1. A= 0.01nm; A, =0. 00243nm; @ =
180°
A= (A1~ cos®)) + Ao
An = (0.00243(1 - cos180°)) + 0.01
A, = 0.01486nm

. |
K.E = 1243nmeV(1- - ‘I")
o “n

1 1
K.E =1243 (0.01 - 0.01486)
K.E = 40652eV = 40.65KeV
2 E = 1243nmeV

Ao
1243nmeV  1243nmeV Sy
[ —] = -15
3 S00MeV 62x10 m Q‘ﬁ

An=(2.Q- cos@)) + 49 Q:\ ‘\
An = (1 32 x 10~15(1 - cosrr) +62 x&cgs e
A, = B.86 x 10"5m

K.E = 1243nmeV(

'-S--;-

1 \
X.E = 1243nmeV £
S (6. 'm“‘\‘a.ssx 10"‘5)
K.E = 60.2MeV
3. Ey = S00KeV; K\E "350KeV:; Ey =
By =E)~K.E
h‘—- 500 =350 = 150KeV
“1243nmeV
4, @fa— —;.-i-'?e—l = 558nm
N . 1243nmeV
T v— = 2.228eV

Il

4

"‘L
e\@
& . %

*«.\'\'

OEEE=el = 1243nmeV(—il——-l-)
) \h

N 0 n
Vs = 1243nmVolts(; A

400nm 558
Vs = stopping potential = 0, Bsggllts

5. Ag = 450nm;® = 2.3eV
1243nmeV  1243nmeV

E=— = asomm— = 2.762eV
K.E:E_g;
K.E=2762-23

/‘”*»..

K.E = 0.462¢eV

@ = hfo <19
1] 2.3eV 23><1.6><10
R=G63x10*  6.63x107%
fo = 5.55 x 10'*Hz

pult 83X 1073
' 450 X 10-°

P =1.5x10"2"kgms~!
= 280nm;V,_, = 1.3V; V2507
AK.E = K.E; to K. 5,‘-'»‘% ¢
K.E = eV /‘ ", \;:’%.
AK.E = (1.3eV) to: (o,7eV)

-
B.E = 1243nmeV __ 1243nmel. e
3 (, 280mm 4.44eV

fc":

6. A.1

@, = E — K.Ey; @y = 4.44~13 = 3.14eV

0, =E—K.Ey; 0, =4.44— 0.7 = 3.7eV
AD = (3. 14eV)£o (3.7eV)

C fill:'”— ""' ‘,%u
3,14, x*1.6 % 10°19

o 14
h= (&S}\a 3% 105 7.6 X 10**Hz
=Y .
‘\ fz = h
.3 «=‘374x16x10- |
='9.0 x 10" Hz

x, 27~ T 6.63 x 10-3*
Af = (7.6 x 10“Hz):o(9 0 x 10'*Hz)

" 7. A = 50004%V scceierating = 3V
K.E=¢eV =ex3V=23eV

Lev 12430A%V
? = 124304 T = ._560_0/‘1-6_ = 2.48eV

E=0+K.E
E = 2.486 + 3 = 5.486eV
12430A%V

S !

12430A°%V .

5.486eV 22664

8. 1=40004%B =10"*T;R=

5.14cm = 0.0514m

124304°%V  124304°%V
= . = 3.1075eV
7 20004° 1075¢

1_Q
.E ==%—X(BR)?
K.E me,x( )

1 1.6x107" —asd
K.E —EXWX(S.]A‘KI.O )
K.E = 2.323eV
@=E-K.E
¢ = 3.1075 — 2.323
@ = 0.78eV
9. Same as question (12.4)
10. Same as question (12.7)
11. 4, = 02nm,0 45% A, = 0.00243nm
= (2.1 - cos@)) + A,
A, = (o 00243(1 — cos45°)) + 0.2
A, = 0.201nm
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CHAPTER 13 - M= T

1
28
EXERCISES Ng = 3.7 X 10Mnuclei
13.1. The half-life of Todine - 131, used in thyroid 2. time(between 12°clock to 3°clock) = 3hours
treatment is 8 days. At a certain time, an amount of No = 200counts per min

iodine - 131 containing 4 * 10" nuclei is known to be

Np = 25counts per min
in a patient's thyroid gland. (a) What will be the

Nop
lodine - 131 activity in the thyroid? (b)How many F = 2" 2
iodine - 131 nuclei will remain after 1 day? 200 RN ¢
Answer: (a) 4 x 10%decay/s (b) 3.7 x 10" nuclei - 2 Ny
AN
13.2. A researcher measures 200 counts per minute 8=2" I\

: . : 5 23 = 2% ;N
coming from a radioactive source at midday. At 3 y N
O'clock, she finds that this has dropped to 25 counts ns 3\
per minute. What is the half-life of the radioactive _t_ hours _’:_
source? Answer: 1 hour tij2 = ns%3 1hour

5. Ny = NpeREN Y

13.3. Suppose that at the start of an experiment, there

. sy ~Nog =. - 8000bacteria;
are 8,000 bacteria. A growth inhibitor and lethal

pathogen are introduced into the colony. After two Nﬁ\\ nggo 0 010080 00 07(122bacterla
hours, 1,000 bacteria are dead. If the death rates are ) Wy Y 7000 i
exponential, how long will it take for the population ™" X n (__) Wiz i
to drop below 5,000? Answer: 7 hours A 8000 2
{‘t\ ‘i’; A= 0.0671’11"_1
13.4. In the question above, how long will it take for “':}; ““‘3.;' N, = Nje™
two-third of the bacteria to die? Answer: 16.5 hours —\4‘-‘1\\ 5000 = 8000e~2067¢
QN 5000 1
13.5. At time t = 0, a radioactive sample contains Q\ p S Ln (8000) X = 0.067 -
3.5ug of pure carbon-11, which has a half-life off \\\ time to drop below '5000 = 7hrs
30.4mins. (a) determine thc number of nucleus.jn the 4 F o e B
sample at t = 0. (b) what is the activity oﬂthc  sample ¥ ST dasd 2 1
initially and after 8hrs. ( S R N :?; By omatiitng = 1— e
13.6. Find the nucleon radii of the fol!owmg (a) Ln(Fremaining) = —At
3H (b) “sCo AN Ln (1) = —0.067t
NN\ 3
13.7. Calculate the binding energy per nucleon for For (_J'._) . "
the nucleus ®iNa S0 D éi 0.067
r_:‘:\ _.‘\‘ QI - &3 - -
SOLUTION ¢ . time for 3 todie = 16.4hours
1. t: = Bdays = 691200secs 5. m=3.5ug=35x10"%g
-l -1. N =?
‘i N = 4 x 10*nuclel molar.ma.S_S(GTT:)oz? —llolz‘gmoi-x'N .
{Fa\%\,' A= AN iNy = .mx pr mo
A 0693  4x 10 —=
") A= m, N,
¢ 691200 0% x?\f
A = 4 x 10%decay/second - A
Npg _1 o 23
‘L.'J:—n N_3.5x10‘6x6.02x10
. 1 B 11
n=—== N(number of nuclei) = 1.92 x 10" nuclel
tn 8 0.693
2 A= x N

t/2



ty/2 = 30.4mins = 1824secs = 0.506hr

T 1824
A=17.3x103dis/sec

Nt = Noe-lt
0.693t
A, = Ape t1/2 said
A, = 7.3 X 1013~ 0.506
A, = 1.27 x 10°dis/sec
6. A = massnumber = 2; o
Ro(nucleus radius) = 1 X 10~°m
n = RoAY3
r=1x10"15 x 21/3
ry =1.26 x10715m
A = mass number = 60;
Ry (nucleus radius) = 1 X 107 ¥m
Teo = R0A1/3
T.o = 1% 10715 x 60173
Teo =3.91x1075m
7. neutron(n) = 12;proton(p) = 11
lamu of n'= 1.00866amu and
lamuof p = 1.00728amu

(12 x 1.00866) + (11 x 1.00728)
= 23.184amu

Am(mass defect) = 23.184 — 23 .~ ™
= 0.184amu N :

lamu = 931.5MeV ¢ '\

then,0.184 X 931.5 = 171.396MeV

Binding energy per nucleon~
_171.396Mel’ .~
A
=‘:7-:f@ eV/nucleon

o N, N
(;... .I\T%;"
€ - %

-

% N
- . r

qugt,__\dé

AN, N
b Y .

B



