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Magnetic Field and Magnetic Forces
AP PERENTIAL DR | PSR Py PEVERVIN|
S ae Loyl Gl (Fy ) Aseidalisne 3 5 il ails onhline Jlae 3 O sadie anun &l ahy Ladic
Do) Jals Ly @ aky Ll (1) asaall de gy (B coubilinal) Jlaall ¢(g) aneal) dins (ye
4l eie juag avndalinall 35811 (Jla (sing,p) aes ¢ ounbliagll
Fu=qV XB
F = qVBsinlOyp

Where:

Fyr: Magnetic force on a moving charged particle
q: Particle’s charge
V: Particle’s velocity

E: Magnetic field
Foe: @ =907 (Aphalind) s all Aad <l Jigudl 3 k13
(F = 0) oils 8 dunhlindl 3 gl axet
(at rest (V = 0)) <ah ¥ ¢Slu auall glS 13)(1
(6 =00r 08 =180 (V&B in parallel)) Jaall I shal 4, ) s dc jull il 13)(2
+Direction of force: (Right Hand Rule)

Jaall alail (M i) 8L yudii g de puldl Al il Cumy i) ol 5o 8 alasily Luudalinall 3 6l oladl agan]
Lia Al A B il 13 Ll Apugdalinal) 8 gl aladi) ) die il g Sl plaly e (o0 galall dniddl july lavie wdalizll

) s e Al 5 5l slad) ()5S & i) ) B0l 3l

B=——— =~ —tesla(T “
~ qVsinfyp C* (m/s) E3HaLEY T
Unit of B is tesla (T)
— — A A A — A A A E:,,.:ﬁ..,;”: —
Ex:if Vgivenby V =3i —2j+ 4k and B =5i + 3j + 6k and g = 4uC,find: | -

N
1) F as vector

2) F as magntiude

3) angle betweenV & B
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Solution:

1)Fy =qV XB

— —1_ [ j k " e
V XB = 3 _9 4,n:rn*u;::ﬂ,rm-::sl

5 3 6
V XB=(-12—-12)i — (18 - 20)j + (9 — —-10)k
V X B =-24i+2j+19k
F=4x10"%x*(—24i + 2j + 19k

A i A

F=-96+10"% i +8*107%j + 76 * 107° k Newton

2) |Fpr|=y/(—96)2 + (8)2 + (76)2 *107°

Fu|=V941 *107¢ > |F| = 1224107 N

From physics 1

3) ‘;M‘=q ‘I_f:‘ ‘E‘Siﬂ@

v| = V(32 +(=2)2 + (4)2 =29

=V(5)2 +(3)2+ (6)* = V70

=

1.22 *107% = 4 « 1076 % /29 /70 * sinf

sing — 1.22+107°
42107 621/29%/70
sinf = 0.6808

8 = sin 1(0.6806)
0 =42.908°

[ Wria) (i s (a5 L b Y ]
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D

Ex: in figure, find EM if (|]g| =6 uC,|V| =5m/s, |B| = 3 tesla)

1) 2) 3) 4)
XX X XX — 120° 0 0 0 @
X X X X X — © 00 ©

KX X X —_— OO000

X X X X Xp —_— - oXoXo Yo

Solution:

1)

Fyl=q ‘ﬂ ‘E‘sin&‘, 8 =90°

Fyl=6+107% % 53 * 5in90°

‘EM‘ — 90 « 1076 N (120°) RHR

Ful=q ‘ﬂ ‘l_f:‘sinﬁ, 6 = 180°

— — —

Fy;1=0, because V & B are parallel

3)

— — = I

Fyl=q |V||B|sing, 8 = 60°

ul=a |v] 3] -

Fyl=6+107°% % 5« 3 * sin60° .
60° v

= 6 3

Fy| =90 =10 - B

A

‘FM‘ = 45y3+ 1076 N (—k) RHR

Fyl=q ‘ﬂ ‘E‘sinﬁ, 8 =90°

Fpl=6%107% % 5 3 * sin90°

A

‘FM‘ =90 x10"°N (1) (LHR OR RHR but take the opposite of direction that get)
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Motion of charged particles In a Magnetic field

Ll Leala (Fyp) Aguaslaliien 5.8 iy 435 ssalalieal) Jlaall 651 gr Y ol (B) combsbiinall Jnall Js ppusal ol ja Lavic
bl Jaall 4xie e (g2 ale (1_;) A yull daie (IS 13 ‘(1_;) el de g (E) bzl Jlaadl oladl e (g0 sale
a2 3K e 8 8 el )5 g 203 Sl (g 03 e L3Sl Sl sl i (Fy) Asalind 5 1 ol (8 = 90°)

2

(The centripetal acceleration is %) Aalailh LS je le jlud agunll

2
17
|FM| — |F-‘:| — dcentripetal * T — E* m = quB
R 7 #* 1
lq] = B

Where:

R: Radius of a circular orbit in a magnetic field.
v: Particle’s speed
m: Particle’s mass
B: Magnetic-field magnitude
q: Particle’s charge
gt N DN

*If the charge q is negative, the particle moves clockwise around the orbit in a magnetic field.

(angular speed (w)) 4 M dc pud*
The angular speed v of the particle can be found from v = Rw.

v _ . ld+B

R V*m

_lql =B
w = (rad/s)
m
2Gob e e Al &) gall sae Gl (K

1
F=z
Where:

T-: Time period and it is time to make one rotation (¢_sl = 3).
f( frequency): the number of rotations in one second.

T_Z?I_Zﬂ.'m

s = 0B S
W qB

:—:—H
2™ 2mm ‘

w = 2nf

Ex: if g = 6uC enter uniform magnetic field |B| = 3 tesla with constant speed |V| = 12 m/s
(m=3x10"%kg,0 = 90°), find:
1) Fy 2) |F¢| 3) lac]

4) radius 5) angular speed (w) 6) Time period (T5)
7) Frequency (f)
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Solution:

Fyul= g ‘ﬂ ‘E‘sinﬁ, 9 =90°

Fpl=6%107% % 12 * 3 % sin90° =216 * 107 ° N
2)

‘EM‘ — ‘E.:‘ — 216+ 1076 N

3)
- mV?2 V2
FC — ,a = —
r I8
Fol = ma
_F_216*2{)_5_?2 02

T T 3x10+
4)

mV  3x10"% %12
r = —

qB  6+1076x3
r = 200 m, this is large value because values are randomly chosen.
5)

gB 6+107°+3
m: —
m 31074

w==6x*10"2rad/s

6)
2mm 1

T- —Eurm = 2nf,Te =7
. _ZTE_ 21

T w 6x1072
T-. = 104.71s
7)

B 1
f =T

1

f= =9.54 x 10 3 Hz

104.71
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EX: A magnetron in a microwave oven emits electromagnetic waves with frequency f = 2450 MHz.
What magnetic field strength is required for electrons to move in circular paths with this frequency?
Solution:

_lql =B
m_
m

w = 2nf = 2w * 2450 * 10°

w =154 « 10 (rad/s)

p_mrw (911+ 10731)  1.54 « 10%°
ql 1.6+ 10710

B =10.0877T

EX: As shown the charged particleis a proton (g = 1.60 * 1072 C, m = 1.67 * 107%’ kg)and the
uniform, 0.5 T magnetic field is directed along the x-axis. Att = O the proton has velocity components
v, =150* 10° m/s, v, =0, and v,=2.00 * 10° m/s. Only the magnetic force acts on the proton.

(a)Att = 0, find the force on the proton and its acceleration.

(b)Find the radius of the resulting helical path, the angular speed of the proton, and the pitch of the
helix (the distance traveled along the helix axis per revolution).

Solution:

— A

At(t = 0): V= (1.50 * 10°)i + (2.00 * 10°)k B =0.5i

—

Fiyy=qV XB =160 1079 % (((1.50 * 10°)i + (2.00 * 10°)k) X 0.5 i)

A A

Fyy = 1.60 * 10712 % (0i + (2.00 * 10° % 0.5)j) = 1.60 = 10~ 14Nj

FM — E * T

> 1.60x 1071 058 1012 , __
“= 167 « 1027 (m/s=)

b)

N
Since vy, = 0, the component of velocity perpendicular to B is v,

. 2.00 * 10°* 1.67 = 10727 a1a
~ 7 160 109405 oo

v 2.00 * 10°
w=—==

== 21g.103  +79~ 107 (rad/s)

2T 21

©w 479 107
The pitch is the distance traveled along the x-axis in this time

To = = 1311077

d=Ts * v, = 1.31 1077 * 1.50 * 10° = 19.7 mm
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L A8 jall gl a8 4gde Slad JA8 Y dudalinall 5 gall la s 3V dnie el ey (g0 sale dpuhlinal 3 gl olail oY
Lealsdl i o0y 5 Y e (f
W = F d cosf ,0 between Fand V

W=Fd@8 =90°
W =Ak,W = 0when F is perpendicularto V
So, V is not change in value it changes in direction only because F is always perpendicularto V & B

Lorentz’s law:

el old Al sda o alatie ohline Jlae g aldite A 368 Jiae paalaia (pllae o 30 520 3 jeal) any (g gia
Ot gall Alan G113 gal) gmaidd g R EWTINEF glﬁ&*hjiﬂju_ﬁ Laa las) Laa 400 guy jt‘ﬂ Cpdaleiall ol {35.5.):.1-:“ *EPEA|
) 8 858 Apundalinall 5 4l S

Region that has magnetic and electric field ? q
—— L
FL — FM + FE ..;_:_: -
JJ'__‘_
F, =qVB + qE r

- = - - —_ - -
|
ik
| -l
] o -
dE
i

F; =q(VB +E)

Note: magnetic field effect on moving charge but electric field not depended on moving.

Ex: in figure shown, find: iv

1)Fy 2)E
3) Fg 4)Lorentz's force V = 20 volt

X X X XEX
5)V if g moving in straight line X X X XX |

% E
(g = 4ucC,Vv =15m/s,B = 15 tesla) X X X X X

Dem |y x X X X
INNEN NN v — 20 volt

Solution:
1)

‘Eﬂ: q ‘ﬂ ‘5‘ sinf, @ = 90° RHR
‘Eﬂ: 41076 « 15 x 15 * Sin90°

‘EM‘ — 941074 N (;) RHR

[ iy ey L g s 55 el L llgn AiSa 3 gn g ]
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AV

Z)E:?
20— -20
b= 15102

E =2.66 * 10> v/m
3)
FE — QE

Fr=4*10"°* 2,66 * 10°

Fr = 10.66 * 10~* N (—j) , with E
4)

FL:FM +FE

F; =9x10"% (j‘) +10.66 * 10~* (—j) , vector sum

M

F, =10.66+10"* —9 10" *in (—)

M

F; =1.66x10"%* N (—))

5)

q in straight line that mean F;, = 0
So, Fpy = Fg

qVB = qE

o 266 107
15

V =17.733m/s

applications of motion of Charged particles:
1) Velocity selector (dc yull _8id):

o Ao Yl afiug bad 85 AU Ao juy 4 i oSy a8 ¢ jhia (g gludi () gndie anen (38 el 308 8 IS Y
Fﬁmhég%ﬂ%ﬁiﬂ)ﬂl\%@\ W PR wﬁmﬁ‘}.ﬁ JM%M\@MJL&AMQ&J

E
Fyy=Fg — qVquE—}VZE
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it g OB 51 ST Lt (58 0 L iy 3 e S5 () ol 2 Lo s 0555 0 gl

2) Mass spectrometers (4LS]l Calua):
%Mi@i@@3ML§aMHéi e JS Aiad At 389 hany (e Lecany 43 gadiall Ul oY) Jiadl jleall taa PRESIE
Sl el dslate e Gilasuall oda 7 A8 Gl e Lpui Aol 3 el 133 4001 3 (Velocity selector)
— —
Dby 4S ) e Gilanuall H(B)u_...e.]a'._i.-_nli Jall u'..*d'._u{BG) Piu_uﬁ.u._ﬁ.-_ndlu;nk.hﬂ L.;Piﬁ.hmd;ﬂu_*\.]ah;_nllj

kil Gt e laldie ) A1SH I Aia it At aaa8 5 il Gl JS

magnetic force on current currying conducting:

5oy G ugbline Jlae Jals 48 el Al jeSl) cliallll ) Cum g oLy 368 1L JSES aal g oladly Al o<l CliaBl) A8 ja
Apghliaal 5 il layl Aualalinn 38 Sl Adatie wldine Jlas (3 ) sere Jaage (3 Ll 30 5 SDlall 1) dnlaling

1§ s (B) hline Jas (& jsaia (L) U sh Jage 8 (V) Ao gy & 2 () Clind) san g 85 55l

Fyy =1 L X B = ILBsin6; 5

—

L: displacement and its equal length of conducting.

f:angle between L&B

I: Current
Frgx: @ =90
| .
\F
A /
L I
>, .-;_F.ﬁ *
/| T

Ex: in figure shown, find:

1) Net force on loop.
2) Fp; on straight wire.

3) Fp; on curved wire

Solution:

X X X X X
A
X X X X X
X X KX
X X)X X X
L
(F = 0) oils & Apnhalindl 5 gl aaeds
(6 =00r0 =180 (L&B in parallel)) Jawl b shil 43} s dc jull i 13

S Laga (L) 5 (B) Cgntiall e JS (03] (¢ lunall o Lo gule dpunlaliall 3 gall olad) ) 5S
ST EN TR

I = 34
B = 4 tesla
R=3cm




@% {Done by: Omar Mohammad}

1] I ) F
Net force is zero because B d.'.gl | Fy in straight wire and curved wire are have same
magnitude but opposite | direction.

2)
Fy = ILBsin8,8 = 90°
Fpy =3#(2R) * 4+ 1

Fy=3+(2+3+102)*x4+x1

Fyy =120+ 1072 N (—k) RHR
3)

Mstright — FMeurvea — 120 * 1072 N, but opposite direction

Fy.. .., =120+10"*N (k) RHR

Note: to understand why Frgerigne = F

" Meurved
df = idIB
df, = idlBsing,,

=IBjdEsin€

Mcuru&d

dl R

dl = Rd@,length of arc

= |B f Rd6f sinf

M ey rved
T
Meyrved — IBRf sinfdf
0
Meprpeq — IBR * —(sinm — sin0)
Mcurved IBR ~ _(_1 - 1)

= I2RB

Mcuru&d
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force and torque on a current loop:

The net force on a current loop in a uniform magnetic field is zero. However, the net torque is not in
general equal to zero.

Wirel:
Fyy = ILBsint)
Fyy = 0, because 8 = 180°

Wire2:

Fy = ILBsing in (;-:'} RHR
Wire3:

Fyy = ILBsin®

Fy = 0, because 8 = 0°

Wired.:

Fyy = ILBsinf in (—k) RHR

EFM — FWil‘El + FWil‘EE + FWil‘E:3 + FWil‘E-‘-l- =0+ ILBSIHH + 0 — ILBSIHH =0

These two forces (Fyyire2, Fivirea) Make torque.

T = Fya = ILB. a sing

L=0> a
T = IbB.a sing,ab = A b

T = [IABsing 3
T=1AXDB

Torque for N coils: v
T=NIAXB - t = NIABsing Fm

Where:

A:area vector

¢: Angle between normal to loop plane and field direction (bl Jaall s mhull o oo salad) ()
T: Magnitude of magnetic torque on a current loop

Unit of [t]: N.m
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U=NIA ((dipole magnetic moment ) «lby J sl 8 (Ses)

Where:

E: Magnetic dipole moment

T = EKB—}IZﬁBSincﬁ

¢@: Angle between ,t_f and B .
Unit of magnetic moment [,t;z]=:ﬂ1.;*1*’.l,2

Potential energy for a Magnetic dipole

U= —EE (dot product)

U= —uBcosp

Where:

U :Potential energy for a magnetic dipole in a magnetic field

¢@: Angle between ,t_; and B .

U is zero when the magnetic dipole moment is perpendicular to the magnetic field 1f 8 = 90°.

Ex: circular loop has I = 64 and its circumference=60 cm |B| = 3 tesla,the angle between B and the
surface 30°find T as magnitude?

Solution:
IT=NIAXB

T= NIAB sing,N =1

cir =60 * 102 = 2R -
A
60 102
R = .
210 B
R = 0.0954m ’W

A = mR? =1 (0.954)?

A = 0.0286 m* )
T=1*6+0.0286 * 3 * sing

f = 60°, because we take area vector and B angle.

T=1=6=*0.0286 * 3 * sin60°

V3
T=5156.62 * 10™* « Eil 0.446 N.m

[ Ol (B clad y g eladly Lal eladyy g (8 dass el g 8 ]
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A circular coil 0.0500 m in radius, with 30 turns of wire, lies in a horizontal plane. It carries a
counterclockwise (as viewed from above) current of 5.00 A. The coil is in a uniform 1.20-T magnetic field
directed toward the right.

A) Find the magnitudes of the magnetic moment

B) The torque on the coil.

C) If the coil rotates from its initial orientation to one in which its

s —
magnetic moment u is parallel to B what is the change in potential
energy?

solution:

A)

A=m*r?=m+0.05%
W=NIA=30x5x*m *0.05
u=1.18 A.m?

B)

T = uBsing = 1.18 * 1.20 * sin90°
T=141N.m

AU =Uy— Uy = —uBcos¢, + uBcosg,

Where:
1 = 90°
¢p2 = 0°

AU =Uy— U= —uBcos¢, +uBcosg,
AU = uB(—cos¢, +cosg,)

AU = 1.18 * 1.2 * (—cos0° + c0s90°)
AU = —1.41]
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Tt PAIIPYY

hlital) Jlaal) g Aahilizal) 5 gal
F,y=qV XB
F = qVBsinOyp
B F

~ qVsinByg
gahliia Jlaa 2 asua 48 o
b vV xm

lql * B

13380 5 9l Cra 3l g A gh U As yuul)

_lql*B

v
Room Y
1
F=%
2 2mm
Tazmqu

W = F d cosf ,0 between Fand V

Lorentz’s law:

Fi. =q(VB +E)

magnetic force on current currying conducting:
Fy =1 L X B = ILBsin6;p

torque and dipole magnetic moment

T=NIAXB — 1=NIABsing

NIA

=1
I

T = EXB—}IzyBsincj)
Potential energy for a Magnetic dipole

U= —E.B (dot product)

U= —uBcosgp
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Problems

Book & more
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1-A particle (g = 5.0 nC, m = 3.0 ug) moves in a region where the magnetic field has components, B, =
2.0mT, B, = 3.0 mT, and B, =—4.0 mT. At an instant when the speed of the particle 1s 5.0 km/s and the

direction of its velocity 1s 120° relative to the magnetic field, what 1s the magnitude of the acceleration of
the particle?

a.33m/s? b.17m/s? c. 39 m/s? d. 25 m/s? e. 45 m/s?

2- An electron moving in the positive x direction experiences a magnetic force in the positive = direction.
If Bx =0, what 1s the direction of the magnetic field?

a. negative y direction
b. positive y direction
. negative - direction
d. positive = direction
e. negative x direction

3- A particle (mass 6.0 mg) moves with a speed of 4.0 km/s and a direction that makes an angle of

37° above the positive x axis in the x-y plane. A magnetic field of (5.0i) mT produced an acceleration of
(8.0k) m/s2. What 1s the charge of the particle?

a. 4.8 ucC b. 4.0 uC c. S.0uc d.4.8 uC e. 4.0 ucC

4- A particle with a charge of —1.24 * 10~8 € is moving with instantaneous velocity V = (4.19 »
10* m/s )i + (—3.85 + 10* ) j . What is the force exerted on this particle by a magnetic field B =
14T i?

N A E L =]

5-A particle with mass 1.81 * 10~2 kg and a charge of 1.22 = 10~8 C has at a given instant, a velocity
V(= 4.19 = 10* m/s )j. What are the magnitude and direction of the particle’s acceleration produced by
a uniform magnetic field B = (1.63T)i + (0.980T) j ?

N I L =]

6- A charged particle (mass = 4.0 ug, charge = 5.0 uC) moves in a region where the only force on it is
magnetic. At a point where the speed of the particle 1s 5.0 km/s, the magnitude of the magnetic field 1s 8.0
mT, and the angle between the direction of the magnetic field and the velocity of the particle 1s 60°, what
1s the magnitude of the acceleration of the particle?

a.39 km/s? b. 43 km/s? c. 48 km/s? d. 52 km/s? e. 25 km/s?

7- A 2.0-m wire carries a current of 15 A directed along the positive x axis in a region where the magnetic
field 1s uniform and given by B = (30i — 40j) mT. What 1s the resulting magnetic force on the wire?

a.(-12 k)N b. (+1.2K) N c.(-1.5K)N d. (+1.5K) N e. (+0.90 k) N
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8- A segment of wire carries a current of 25 A along the x axis from x =—-2.0 m to x = 0 and then along
the = axis from = = 0 to = = 3.0m. In this region of space, the magnetic field is equal to 40 mT in the
positive = direction. What 1s the magnitude of the force on this segment of wire?

a.1.ON b. 50N c.2.0N d.3.6 N e.3.0N

S- In an experiment with cosmic rays, a vertical beam of particles that have charge of magnitude 3e and
mass 12 times the proton mass enters a uniform horizontal magnetic field of 0.250 T and 1s bent in a
semicircle of diameter 95.0 cm, as shown in figure. Find the speed of the particles and the sign of their
charge. :

* ':;':_".“-..'[II 1
I}- >
Angwer: NN AN EEE RN ENEEE R NN AN B '] i [ & a
\ %
.‘ *
] =] hﬁ""-"'" LH H

L ]

10- A deuteron (the nucleus of an isotope of hydrogen) has a mass of 3.34 * 10-27 kg and a charge of +e.
The deuteron travels in a circular path with a radius of 6.96 mm in a magnetic field with magnitude 2.50

T. Find the speed of the deuteron.

ANSWET: e eeieeeeeerrerenans

11-What 1s the magnitude of the magnetic force on a charged particle (Q = 5.0 uC) moving with a speed
of 80 km/s in the positive x direction at a point where Bx=5.0T,By=—-4.0T,and B, =3.0T?

a.2. 8N b. 1.6 N c. 1.2 N d.2.0N e. 0.4 N

12- A straight wire 1s bent into the shape shown. Determine the net magnetic force on the wire.

a. 2/BL 1 the — direction
b. 2IBL in the += direction

c. 4IBL in the += direction 1 a0 90°
d. 4/BL n the — direction I I
e. Zero | F . B

13- A straight wire 1s bent into the shape shown. Determine the net magnetic force on the wire.

a. Zero

b. IBL in the += direction

c. /BL 1n the —= direction

d. 1.7 IBL 1 the += direction
e. 1.4 IBL 1n the — direction

[ Mlnﬁwéiﬁlﬂlﬁ}dldﬁ ]

]

L
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14- A beam of protons traveling at 1.20 km/s enters a uniform magnetic field, traveling perpendicular to

the field. The beam exits the magnetic field, leaving the field in a direction perpendicular to its original
direction figure. The beam travels a distance of 1.18 cm while in the field. What 1s the magnitude of the
magnetic field?

F N I L =]

15- A straight, 2.5-m wire carries a typical household current of 1.5 A (in one direction) at a location

where the earth’s magnetic field 1s 0.55 gauss from south to north. Find the magnitude and direction of
the force that our planet’s magnetic field exerts on this wire 1f it 1s oriented so that the current in 1t 1s
running from west to east?

ANSW T civiieireeereensresenns

16- The figure shows the orientation of a rectangular loop consisting of 80 closely wrapped tums each
carrying a current /. The magnetic field in the region 1s (40 i) mT. The loop can turn about the y axis. If

6=30°, a=040m, b=0.30m, and 7 = 8.0 A, what is the magnitude of the torque exerted on the loop?

a.2.5N.m b.1.5N.m c.3.1 N.m d.2.7N.m e. 034 N.m

17- A current of 20 A 1s maintained in a triangular loop having equal length (50 cm) sides. An external

magnetic field of 80 mT is directed such that the angle between the field and the plane of the loop 1s 35°.
Determine the magnitude of the torque exerted on the loop by the magnetic forces acting upon 1it.

a.0.17 N.m b.0.14 N.m c. .10 N.m d.0.12 N.m e.0.32 N.m

18- A straight 10-cm wire bent at its midpoint so as to form an angle of 90° carries a current of 10 A. It

lies in the x-y plane in a region where the magnetic field 1s in the positive = direction and has a constant
magnitude of 3.0 mT. What 1s the magnitude of the magnetic force on this wire?

a. 3.2 mN b. 6.0 mN c. 5.3 mN d.4.2 mN e.2.1 mN

19- An electromagnet produces a magnetic field of 0.550 T in a cylindrical region of radius 2.50 cm
between 1ts poles. A straight wire carrying a current of 10.8 A passes through the center of this region and
1s perpendicular to both the axis of the cylindrical region and the magnetic field. What magnitude of force
does this field exert on the wire?

A 1 =]

20- The plane of a (5.0 cm X 8.0 cm) rectangular loop of wire 1s parallel to a 0.19-T magnetic field. The
loop carries a current of 6.2 A. What torque acts on the loop?

ANSWRTL: e eeererenranans




{Done by: Omar Mohammad}

21- A circular loop (radius = 0.50 m) carries a current of 3.0 A and has unit normal vector of

(2i — j + 2Kk)/3. What 1s the x component of the torque on this loop when it 1s placed in a uniform
magnetic field of (2i—6j) T?

a.47N.m b.3.1 N.m c. I9N.m d. 94 N.m e. I12N.m

22- A circular coil (radius = 0.40 m) has 160 turns and 1s in a uniform magnetic field. If the orientation of
the coil 1s varied through all possible positions, the maximum torque on the coil by magnetic forces is
0.16 N.m when the current in the coil 1s 4.0 mA. What is the magnitude of the magnetic field?

a. 0377 b.1.6T c.050T d.12T e.25T

23- An electron which moves through a velocity selector (£=4.0 kV/m, B =2.0 mT) subsequently
follows a circular path (radius = 4.0 mm) in a uniform magnetic field. What 1s the magnitude of this
magnetic field?

a. 1.8 mT b. 2.4 mT c.32mT d.2.8 mT e. 4.6 mT

24-A rectangular coil of wire, 22.0 cm by 35.0 cm and carrying a current of 1.95 A, 1s oriented with the
plane of its loop perpendicular to a uniform 1.50-T magnetic field in figure. Calculate the net force and

torque that the magnetic field exerts on the coil.

ANSW T ciiiieieeeereeserssenns

25- A coil with magnetic moment 1.45 A.m? is oriented initially with its magnetic moment antiparallel to
a uniform 0.835-T magnetic field. What 1s the change in potential energy of the coil when it 1s rotated
180° so that 1ts magnetic moment 1s parallel to the field?

ANSWET: e eerrerenraans

26- An alpha particle moves in a region where the magnetic field is uniform and has a magnitude of
0.60 T. The particle follows a helical path which has a pitch of 8.0 mm and a radius of 2.5 mm. What 1s
the speed of this particle as it follows this path?

a.71 km/s b. 80 km/s c.36 km/s d.58 km/s e.40 km/s
27- The area shown 1s the boundary of a magnetic field directed in the positive = direction. An electron

with a velocity along the x axis enters the magnetic field and exits 0.63 us later at point A. What 1s the
magnitude of the magnetic field? t

a. 14 uT b.18 uT  ¢.28 uT d. 34 uT e. 227 uT e

20 m

20m

JOXONNONO
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28- Two single charged 1ons moving perpendicularly to a uniform magnetic field (B = 0.4 T) with speeds

of 5000 km/s follow circular paths that differ in diameter by 5.0 cm. What is the difference in the mass of
these two 10ns?

a.2.6+10%%kg b.6.4+107%%kg . 3.2+10%%kg d.5.1+10 %8%kg e.1.1*10 %8kg

29-You stand near the earth's equator. A positively charged particle that starts moving parallel to the
surface of the earth in a straight line directed east is initially deflected in a perpendicular direction. If you
know there are no electric fields in the vicinity, a possible reason why the particle does not initially
acquire a downward component of velocity 1s because near the equator the magnetic field lines of the
earth are directed?

a. upward.

b. downward.

c. from south to north.
d. from north to south.
e. from east to west.

30- A magnetic field 1s directed out of the page. Two charged particles enter from the top and take the
paths shown 1n the figure. Which statement 1s correct?

a. Particle 1 has a positive charge and particle 2 has a negative charge. / @

b. Both parficles are positively. charged.

c. Both particles are negatively charged. @
d. Particle one has a negative charge and particle 2 has a positive charge. @
e. The direction of the paths depends on the magmtude of the velocity, not on the sign of
the charge.

—

31- if electron enter magnetic field (B) as:

A A
— —

V = 3j,and acceleration a = 1k, find direction of B ?

Solution:

Give acceleration that mean circular motion.

—

_}
F = ma, direction of force is same direction of acceleration because m is scalar.

— — — — —

Fiy =qV X B, direction of force is same direction of IV X B.

— —

So, direction of acceleration same directionof V X B.

=
[
=]
l
=

=1

X

=~}
I
el

X

T 8

— —

Bisini direction

But positive or negative direction?

ol
—,

— —

Bisin+ i from LHR because itis electron

Ty
o >
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A
1. |c.39m/s? 11. | d.2.0N 21. |d.94N.m
2. a. negative y direction 12. | b. 2IBL m the += direction 22. | ¢c.050T
3. | e.—4.0uC 13. | a. Zero 23. [ d.2.8mT
4, iy 14, = 1.67 * 1073 24, |F=0,1=0
F =—6.68.6 10 *N k o heaRas j
> |4 =033 m/s?( —k) > F=214 104N j g2 | AU =82 )
6. |b.43 km/s? 16. | d.2.7N.m 26. | b.80 km/s
7. |a.(-12K)N 17. | b.0.14 N.m 27. | a.14 uT
8. |¢c.2.0N 18. | e. 2.1 mN 28. | ¢.3.2+10"%8kg
9. |V =2.84%10°m/s,negative | 19. | F = 0.297 N 29. | c. from south to north.
10. |V =8.35+10°m/s 20. |T=47+10"3N.m 30. | a.
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CHAPTER 28:

SOURCES OF MAGNETIC FIELD
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Chapter 28: Source of magnetic field:
ot Lughaliee Yise ol g Al s 48 el ciliadll )
(s Jlad) jabias ™
Saal g dgly S dnddS n -]
L_-1—"|'-"_)'6—<'lh .Jl':"jli -2
*+ Magnetic field of A moving charge:
:{u) Al de -.ﬂ_)afﬂ{q ) Basl g dudagy Aia 3 G...eb'._u_nli Jlaall
g po q*(V XT)
A 12
Where

B : magnetic field due to a point charge with constant velocity.
g: the point charge.

V: velocity

A

ro (aiil) Laaic Gulall ol i) 1) 22l Gl 4

i nsie G ) A 1 ) Eia 2 o B

.
'-;|"ﬂ~L

ro=1 (S Y QU ey b Akl g Ain )y dilid) S 13 Ja 8 acdid

r = ((—0.73 ) i+(0.390 k)m
" r _ (-073 };+(D.39D ;:}
e J(=0.73)% +(0.390 )2

Example: A (4.80 uC) charge is moving at a constant speed of (6.80 * 10° m/s) in
the (+x-direction) relative to a reference frame. At the instant when the point
charge 1s at the origin, what 1s the magnetic-field vector 1t produces at the points:
A) x=0,y=0.500m, z=0.
B) x=0500m,y=0,z=0;

[ (oAb La) g ¢y g g Y () R Y () ]
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5D
A)
b po g *(V XT)
A7t 12
V =(6.80 * 10°)i
r=j
V xr= (680 * 10°)i Xj =(6.80 * 10°)k

=gl 4t + 1077 4.80* 107+ (6.80 * 10°) k
 4n (0.5)2
B=(131* 107 °T)k
B)

V =(6.80 * 10°)i
=i

A A A

Xr= (680 10°)i X i =0

] =

B=0

*

v Magnetic field of A current element:

Jsh (e(dl) oo (r)ilus axg ddadi aic (dB) (cuhalinal) Jiaad) o) 3 cagdabinadl Jlaadl jolias anl aal ga Al jeSI jLali® *
‘e gall Jsha g (A peSI LN jloia aa Lo ph Conlily dle 30N g (1) Sl eS O 48y Juaga

S Ix(dl X1
PO i )
41 r?
dB: Magnetic field due to an infinitesimal current element(dl).

dl: Vector length of element

|: current
e () baaie gl ol pall ddasill I 5l led L) dadasll (e L]l dnie
:‘-_;Ln*.'\lﬁ :.:.'.lﬁ tac|a ,_“-H_)L e GHQLU.-_.;M Al slad STLEN Py

RSN combaliaad) Jiaal slad) SV a8 adaa¥) Agyy 0 eSH G g e olaiW1 I udy ala)
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Example (2): A copper wire carries a steady 125-A current to an electroplating
tank. Find the magnetic field due to a 1.0-cm segment of this wire at a pomnt 1.2 m
away from 1t, 1f the point 1s (a) point P1, straight out to the side of the segment, and
(b) point P2, in the xy-plane and on a line at 30_ to the segment.

A

Solution: dl = —(1.0-cm) i I =125A

—_ i

> ope Is(dlxr)
(2) dB = am re >
A .& A ‘r’I
r=j
A ror " P, 1.3
dl xr=—(1.0-cm) i Xj=—(10"2)k 2 -
A 195 A 1.2 m 195 A
— «10-7 e (10—2 A 25 . 3 25 /
ap =20 12000 Dk (87%1078T) k e e e
am (1.2) > I_T}Tﬁn
b)
r=—(1.2+ cos(30°)) i + (1.2 #sin (30%))j

r=—(1.2* cos (30°)) i + (1.2 =sin (30°))j

r=y/(1.2 * cos (30°))? + (1.2*sin (30°) )2 =1.2m

dg 4w +1077 125% (—(1.0 —cm) i X —(1.2* cos (30°)) i + (1.2 sin (30°))))
B (1.2)3
dB = —(43 10T k

*

** Magnetic field of a straight (infinite) current carrying conductor:

ddass vie b3S je adyg S pall dBaade iles (K& e ushline Jlacalgn ol g (o gha ol (Jom go (8 L 48 LS 5 5 0
(rrhliaall Jaddl Cluady da gall e Lo gale b sl 5805 diasall ) gaa e

B uilae () gllly (jn 9e3 5L sy (long, straight conductor ) ¢ (uhalisadl Jlal Callay Laaic
etatll Al Bae 8 (JOA e slad) aasy o*

emplalinall Jaall sladl () adua¥) Bl (A 5eSI LED )5 e ol ) Gl s
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Example (3): A long, straight conductor carries a 1.0-A current. At what distance
from the axis of the conductor does the resulting magnetic field have magnitude
B=0.5*10-4T.

Solution:

ok [ I_]_DH'!I

2r ‘:vn’: 2B

Ar+10" " =1

 2m+05+ 104

=

B =

r =4 mm

#

*** Force Between parallel conductors:

o el
B_Zﬂ:r
F=I"+L XB

the magnitude of this force is:

o] # I %L
21T

F:‘[”':IKLﬁﬁB:L

Where:

I = Current in first conductor

I' = Current in second conductor

Pk I+ Io#Lg

Fpq == - (Js¥) 2 Gl dea sl Si5) . -
LID*IE* II*LE +L1;+j s KJ P
Fl%ﬁ —= 21T (Lﬁ_‘ | L'v_u' J-J H LJ"‘":}“H ..J"ﬁ) #— --_
— _ |-|-':'*Il — _ |_|_.;.:q¢IE BL : : BE
B, = 27T ' B, = 27"
l |
Fiuo = —Fy g 2 A A

‘U sh Ban g JSI AbL 5 gl Clal

F . l.lﬂ-*]l* IE N

2T 1711

~ |

|
~~
L
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Example: Two straight, parallel, superconducting wires 4.5 mm apart carry equal
currents of 15,000 A in opposite directions. What force, per unit length, does each
wire exert on the other?

Solution:

The conductors repel each other because the currents are in opposite directions.
F_ pesly=I;  4m+=1077%15,000= 15,000
l 2mr 2m*4.5+1073

« 104~
1+ 10%(>)

+ Magnetic field of a finite current carrying conductor:

(3350 Usla 4 Jom sl sl 3 gona i imga 8 ot 68 LS o 1200 alalian) Jlaal

riaaic dall ol yell ddasill N Jia gall (e 48l

% Magnetic field of circular current loop and coil:

aladi die udalinal) Jaall Clus (S g Al jeS HU (A e Ladie Luphalins Ylae uladll Jia gall Silal (e 4a) JS o g%
(x) e S el o 2as

E o PexIx a’ = N
B 2(a? + x2)(B/2)
Where:

a: Radius of loop

Xx: Distance along axis from center of loop to field point
|- H L v = R wh # + a4 +
N: Glalll e NZE {Mu}aijidﬂl@u;dm&mdsia;ﬂumm]

JXa (0 =180 =m) 4l paic (ezgﬂ"zg)iﬁl@_y (6 = 360" = 2m) 32l 4ll 4sll

(N=1) 2= 1368 (circular)d'sudl 3 Sa)y) [ddaall
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(x=0) 0l Gl 3S 5 i abalindd) Jladdl Giluad il dlls

fsterll bl Bae 8 (DA e oladY) 22y

eouhalinall Jlaell olatl N dle¥) judng calall 8 Al peSH LS g 5e olaily alall

'B

Example (4): A coil consisting of 100 circular loops with radius 0.60 m carries a
5.0A current. (a) Find the magnetic field at a point along the axis of the coil
(0.80m) from the center. (b) Along the axis, at what distance from the center of

.1 s : . 1 o 2
the coil is the field magnitude S asgreatasitis at the center:
Solution: N=100turns a=0.6m |=5A

(a) x=0.80m
- exlxa?x*xN 4w *1077 *5=* (0.6)% * 100

B = —
2(a? * x? )(3;’2) 2((0.6)%2 + (0.8)2 )(3-’?)

—

B=11%*10""T
(b)

3SRl A laliaadl Jlaal e g sh laie allinll Jlaall Jrad Sl (x) Rilsad) sl

pu*I*N_i}n*lU_?*S*lUU

B. =
) 2a 2 * 0.6

B, = 5.23 % 1074T

4r+10~ 7 +5+(0.6)%*100
2((0.6)2+ (x)2)(3/2)

B, ==%523% 107% =
8 8

X =1.04m
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» The Magnetic field of a solenoid (¢ <il):
LTILMAJ}L_E.LAM Jﬁhdﬁhﬁf#h& ._js“h._}‘“f_:ﬂﬁ Mi@éwi%ﬁiﬂi Silalall ae u_uu_d‘,lli —alll l_J}S:‘;’
u—“‘;"k'l'-"-'-‘“lh J‘—?‘-‘“M
— o I * N
B = H
L
Where:
L alal Jska
N: <alalll sae

:(n : turns per unit length) ks Ol sena (L) s (N) 058 Oal) (e

n= % (turns per unit length)

—

B=l=*I=*n

Jlaall ol N Al iy g ol sl L) 3 5 jeSh Ll o) ) Ay W1 ) s 1 phaliaad) Jlaall eladl syl

Example (5): A 15.0-cm-long solenoid with radius 0.750 cm 1s closely wound with
600 turns of wire. The current in the windings 1s 8.00 A. Compute the magnetic
field at a point near the center of the solenoid.

Solution: L=0.15m I=8 N=600

pexl=N 4m+10" 7=8=600

L 15

B =

B=0.0402 T
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*%* The Magnetic field of a toroidal solenoid:

tox IxN

B = a<r<b Ny
2mr
.

B = 0 (At center) L;Z/f

B = 0 (At outside)

¢ Field of a long cylindrical conductor:

pe* I*1 .
B = (inside the conductor r<R)
2mR2
po* 1 .
B = » (outside the conductor r>R)
nr

¢ Ampere’s law:

SIS U Al ass ol Glae jlue o bl Jaall Jaal) Jal<ill o e il o 58 (aly
Aphliaal) alendl Jalas 3 L e liall Jlacall 13 3 0aall 7 giaall pelasall (3 a2l

fﬁ'.dl = Mo * lopc
Where:

[,,,.: Net current enclosed by path

lL-: Magnetic constant

[ wgﬂlﬁiiLQ}Jidgiii‘ngJiiJJfﬁMﬁdl@}dl@‘ ]
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O i) o)
Magnetic field of A moving charge:

po q*(V X71)

B =
411 12

Magnetic field of A current element:

w Ix(dl x1)

dB =
AT 12

Magnetic field of a straight (infinite) current carrying conductor:

— o k]
BZ“

21r

Force Between parallel conductors:

poxlq# Io+Ly

F,lq == (Js¥ (2 Gl Jea sl i)

21T

Lo [4 %], - . B,
Fpop == 2 tke (s 5 g Ja i)

27T
Fl%E - FE%:L

Magnetic field above of a finite current carrying conductor:

W x I
21r

B =

* (cos(8,) — cos(6,))

Magnetic field of circular current loop and coil:

E ~ He I = .[12 # [\
- 2(a? + x2)@E/2)
_}
porIxN
B = (Al S 5e )
2a
The Magnetic field of a solenoid (c1s al4); Field of a long cylindrical conductor:
—¥ Y E Nk
B = H B =7 (Inside the conductor r<R)
L 2mR2
= el :
B=yp+I*n B = — (Outside the conductor r>R)

The Magnetic field of a toroidal solenoid:

MD*I;«N

B = a<r<b

2mr

B = 0 (Atcenter) ,B = 0 (At outside)




{Done by: Omar Mohammad}

Problems

Book & more
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- ' ad
daga (lad
Q1) A +6.00uC point charge is moving at a constant 8.00 * 10° m/s in the +y-direction, relative to a
reference frame. At the instant when the point charge 1s at the origin of this reference frame, what 1s the
magnetic-field vector B it produces at the points:
a) X=05m y=0m, z=0m.

b) x=0,y=-0.5m,z=+0.5m.
Answer:

a) B=—(1.92*10"°T) k
b)B = (6.79 * 10 °T) i

a)

r=i , V=j V xr=-k

F

>

. ge(VxXr) 4me10~7  +6.00¢8.00%10° , | ~ 9
:?T i {?‘E } - 49T * 0.52 (_k) = _(1-92 * 10 ET) k

B:
b)

V = (8.00 = 10°);

M M

r = —(0.500 m) j + (0.500 m)k — r = (0.500 m) j + (0.500 m)k — r =+/0.5002 + 0.500 2 = 0.707

=

n L] L]

E _ ke qe(VXr) _ 41077 , ((8.00+ 10°)jX((0.500 m) j+(0.500 m)k) _ (6.79 * 10-6T) ;

AT re 47T 0.7072

Q2) A pair of point charges, q = +8.00 pC and q” = -5.00 pC, are moving as shown with speeds v=9.00 *
10* m/s and v’ = 6.50 * 10* m/s. When the charges are at the locations shown in the figure, what are the
magnitude and direction of the magnetic field produced at the origin.
Answer: Byor = 1uT

__030m T

TLUI
0.400 m ="

o

=
Sl

Q3) Positive point charges ¢ = +8.00 uC and ¢ = +3.00 pC are moving relative to an

observer at point P. The distance d is 0.120 m, v=4.50 * 10° m/s, and v' = 9.00 * 10° m/s. When the two
charges are at the locations shown 1n the figure, what are the magnitude and direction of the net magnetic
field they produce at point P?

Answer: B=438*1074T

e i}
— {j{:_l‘
Bpot =B+ B’ gk
e
— N ) q*v q;*,ﬂ,: _J-. B B ) » _J-. Pe
Bret = ;- (d? +— )( k) =B = 438+ 1074(—k) r

*t-"r @ﬁf'
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Q4) A straight wire carries a (10.0A) current. ABCD 1s a rectangle with point D in the

middle of'a (1.10mm) segment of the wire and point C in the wire. Find the magnitude o & i
and direction of the magnetic field due to this segment at: point A, point B and point C. - 8 : JL = “.Im
Answer: LRSS
- [0.0 A
at point A: dB =4.40 * 10~ /T out of the page
—
at point B: dB = 1.67 * 10~ ®T out of the page
. . =]
atpomt C: dB=0,6 =0
at point A:
om B Ix(dl x7) C4mx1077 10+ (11x107%iXj) 240 « 10-"T out of 6
= - = G+ 1022 = 4, out of the page
Q5) Two parallel wires are 5.00 cm apart and carry cuirents in opposite directions. Find the magnitude
and direction of the magnetic field at point P due to two 1.50-mm segments of wire that are opposite each
other and each 8.00 cm from P.
—
Answer: dB = (2.64 * 10~/T) into the page. -
» (7.6 i —2.5)) e ——— %
r = m_l_:-;U{J CIm
8 A P ,._":“P
. h n - ] . = 8.0 cm 4
~ we I+(dl Xr) 4mw+10"7 12+(0.0015i X (16 ‘g 2.5]), 1.50 mm =
dB =-—= = * — —8.79 + 1078T 240 A
A7 r? At (8 +1072)?
The field from the 24.0-A segment is twice this value.
dB, .+ = B; + B, = (2.64* 1077T) into the page
Q6) A wire carrying a 28.0-A current bends through a right angle. Consider two 2.00-mm segments of
wire, each 3.00 cm from the bend. Find the magnitude and direction of the magnetic field these two
segments produce at point P, which 1s midway between them.
—
- _ —57 ;
Answer:dB = (1.75*% 10 °T) into the page. _ 200 mim
300 cm .7
21
g
2.00 mmﬁ
Q7) The currents have the magnitudes I, =4.0 A, I, =6.0 A, and I, = 2.0 A, and the directions shown.
- =
Four paths, labeled a through d, are shown. What is the line integral (¢ B . dl ) for each path?
Answer: s
Path a: § B . dl=0 " .
. d e
Path b: ¢ B .dI=(-5.03 T.m) R @) | AR
— - b (=) 3

Pathc: ¢ B .dl=(2.51 uT.m) \ \ |
Path d: § B .dl=(5.03 pT.m) LR e

o
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Q8) Two very long insulated wires perpendicular to each other in the same plane carry
currents. Find the magnitude of the net magnetic field these wires produce at points P
and Q. | Ogelicm 4

Answer: cm 1
At pomnt Q: Bnet=4.1*10_5 T out the page

At point P: B,,,,=0.9*107° T into the page S

At point Q:
— Lo * I

_ - . 10-5
B, =g, = 16+ 107°T

N L _
B, = =25%10"°T
5 2MTr>

B, =B, +B,=41%1075T

At point P:
B,et =B, +B;=09+10"°T

Q9)A long wire carrier a current. If the magnetic field 19.5 cm away from the wire 1s 124.78 mT, what 1s
the magnetic field 5.53 cm away?
Answer: 440.002 mT

> ok ] 4+ 1077 = [

B = — 123.78 « 1073 = — ] =121660.5
21T 2m 0.195

= e x ]

B = = 440.002 mT
21r

Q10) Two long, parallel wires are separated by a distance of 0.400 m. The currents 1; and I, have the
opposite direction. Calculate the magnitude of the force exerted by each wire on a 1.20-m length of the
other. Is the force attractive or repulsive?

Answer: I =
_ . 5.00 A
F=6*10"°N, repulsive s+ :
|
0.400 m I =
2.00
lo#] 4% I %L, 4+ 10" *5% 2%1.2 ¢ ’
FE%:L:L 1* 21 2 — 6+ 10" °N

2T 2m+0.4

Q11) A 2m wire 1s formed into a 5-turns circular loop. If the wire carries a 1.2A current, determine the

magnetic field (in uT) at the center of the loop.
Answer: 59
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Q12) Two long, parallel wires are separated by a distance of 2.50 cm. The force per unit length that each

wire exerts on the other is 4.00 * 10> N/m, and the wires repel each other. The current in one wire is
0.600 A. What 1s the current in the second wire?
Answer: [=8.33A

F TIPEN| i ok |
—=ET1T2 400 ¢ 1075222
L 2mr 2m+0.025

- [=8.33A

Q13) A closely wound, circular coil with radius 2.40 cm has 800 turns. What must the current in the coil
be 1f the magnetic field at the center of the coil 1s 0.0770 T?
Answer: I=3.68A

B =N _, 00770 =10 80 1 _ 3684
2a 2+0.024

Q14) A closely wound, circular coil with radius 2.40 cm has 800 turns and the current 1s (3.68A) if the
magnetic field at the center of the coil 1s 0.0770 T. At what distance X from the center of the coil, on the

axis of the coil, 1s the magnetic field half its value at the center?
Answer: X=1.84 cm

E B Lo * I = {12 # [\
- 2(a? + x2)BE/2)
X=1.84 cm

Q15) Calculate the magnitude and direction of the magnetic field at point P due
to the current in the semicircular section of wire 1s (ZA) and R=1.4 cm.

Answer: B =449 e
7 7\
N = 0 S 0.5 :‘J / HH"I1"~—-~.
2m 2m pom— P [
— e 4 7 x %
B=u | N=4Jrr 10 2 {].5:44.9“

Za 2*14
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Q16) Calculate the magnetic field (magnitude and direction) at a point P due to a current I
= 12.0 A in the wire. Segment BC 1s an arc of a circle with radius 30.0 cm, and point P 1s
at the center of curvature of the arc. Segment DA 1is an arc of a circle with radius 20.0 cm,
and point P 1s at its center of curvature. Segments CD and AB are straight lines of length
10.0 cm each. Answer:

21
v, - |
2 2m 3
B pe * Iy * N
207 2y
- pexIy* N
Bo = 27T,

Q17)In the current-carrying loop shown 1n the figure, the distance r=2.329 m. the magnitude of the
magnetic field at point p inside the loop is 5.937 *10~7 T. what is the current in the loop.
answer: 4.063 A

> pexIxN,

_ + 10-5
B, o, 1.6 *107°T
= _perleN, =
2= "o, 2.5+107°T
Y _ BexI*Nz
3 27ry

— — —* l_[n J*‘f.lir ﬂ25 {]25 {]5
Bpet =B1 + By + B3 = M ( r + 2r + 31‘jl
[ =4963

Q18) A 15.0-cm-long solenoid with radius 0.750 cm 1s closely wound with 600 turns of wire. The current
in the windings 1s 8.00 A. Compute the magnetic field at a point near the center of the solenoid.

Answer:

B=0.0402T

G _WrIxN 4::*1{]_?*8*600_0402]"
L - 0.15 -

Q19) A solenoid has magnetic field (0.0270 T) at the center. It has radius 1.40 cm and length 40.0 cm,
and the wire can carry a maximum current of 12.0 A. find the minimum number of turns per unit length

must the solenoid have and the total length of wire 1s required?
Answer:

n
T: 1790

IL=63m

[ el gaiaal s da i) s ]
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SO JLA:I
1-A wire carries a current of 20 A along the x-axis from x =—-3.0 cm to x = +3.0 cm. Determine the
magnitude of the resulting magnetic field at the point y = 4.0 cm on the y axis.

a. 96 uT b. 72 4T c. 84 uT d. 60 uT e. 100 uT

2-Two long parallel wires each carry a current of 5.0 A directed to the east. The two wires are separated
by 8.0 cm. What 1s the magnitude of the magnetic field at a point that 1s 5.0 cm from each of the wires?

a. 72 uT b. 48 4T c. 24 uT d. 96 uT e. 32 uT

3-Three long wires parallel to the x axis carry currents as shown. If 7 =20 A, what is the magnitude of the
magnetic field at the origin?

a. 37 uT b. 28 uT c. 58 uT d.47 uT e. 19 uT e i
D ——— —————— jr:x-lm

31
¥y=-3m

4-An electron moves at 0.100c as shown in figure. Find the magnitude and direction of the magnetic field
this electron produces at the following points, each 2.00 mm from the electron points 4 and B?

ANSWEN: i snnaes .
[ ]
U | / A
0()° 60°
C
j— j— — _.-
Electron : " 60°
+
| \
o B

oD

5-An electron and a proton are each moving at 735 km>s in perpendicular paths as shown in Fig. E28.8.
At the instant when they are at the positions shown, find the magnitude and direction of the total
magnetic field they produce at the origin?

y
ANSWET: coiiiriiiiiinssrnaees ‘
Electron
5.00

nm Proton
&) x
O| 4.00
1

6-Two long straight wires carry currents perpendicular to the xy plane. One carries a current ot 50 A and
passes through the point x = 5.0 cm on the x axis. The second wire has a current of 80 A and passes
through the point y = 4.0 cm on the y axis. What 1s the magnitude of the resulting magnetic field at the
origin?

a. 200 uT b. 600 uT c. 300 uT d. 450 uT e. 400 uT
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7-Two long parallel wires separated by 5.0 mm each carry a current of 60 A. These two currents are

oppositely directed. What 1s the magnitude of the magnetic field at a point that is between the two wires
and 2.0 mm from one of the two wires?
a.2.0mT b. 10 mT c. 8.0mT

d.1.6mT e. 7.2mT

8-Two long parallel wires carry unequal currents in the same direction. The ratio of the currents 1s 3 to 1.

The magnitude of the magnetic field at a point in the plane of the wires and 10 cm from each wire 1s 4.0
w«'T. What 1s the larger of the two currents?
a.4.5 A b. 0.75 A c.3.0A

d.23 A e.05A

— A —

9-A short current element dl = (500 mm)j carries a current of 5.40 A in the same direction asdl. Point P

is located at 1 = (—0.730 m)i + (0.390 m)k. Use unit vectors to express the magnetic field at P
produced by this current element.

ANSW T ciiiiiiiereecrnssrareres

10-A square wire loop 10.0 cm on each side carries a clockwise current of 8.00 A. Find the magnitude

and direction of the magnetic field at its center due to the four 1.20-mm wire segments at the midpoint of
each side.

ANSW T coiiieiiereeernssraresses

11-A segment of wire of total length 2.0 m 1s formed into a circular loop having 5.0 turns. If
the wire carries a 1.2—A curent, determine the magnitude of the magnetic field at the
center of the loop.

a. 59 uT b. 69 4T c. 79 uT d. 89 uT e. 9.4 uT

12-In the figure shown, ifa=1.0cm, b=3.0cm, and | =30 A, what is the magnitude of the
magnetic field at point P?

a. 0.62 mT b. 0.59mT c. 0.35mT d. 031 mT e.0.10mT

13-The segment of wire (total length = 6R) 1s formed into the shape shown and carries a current 7. What 1s
the magnitude of the resulting magnetic field at the point P?

3=l
4R

3 perrl
8R

3=l
" 8R

3=l
2R

3 =l

b. 5

d.

a
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14-Two long, straight wires, one above the other, are separated by a distance 2a and are parallel to the x-
axis. Let the +y-axis be in the plane of the wires in the direction from the lower wire to the upper wire.
Each wire carries current 7 in the +x-direction. What are the magnitude and direction of the net magnetic
field of the two wires at a point in the plane of the wires midway between them?

ANSW BT trviieirereerrnnsrarenses

15-Two long, straight, parallel wires, 10.0 cm apart, carry equal 4.00-A currents in the same direction, as
shown in figure. Find the magnitude and direction of the magnetic field at point P1, point P3, 20.0 cm
directly above P17

ANSWET: voviveresssisseesseressns I (=)

16-What 1s the magnitude of the magnetic field at point P if a = R and b =2R?

3=l 2u=l 3=l
i . L R e. &
3R 4R 4R 3R 4R

17-Two long parallel wires are separated by 6.0 mm. The current in one of the wires 1s twice the other

current. If the magnitude of the force on a 3.0-m length of one of the wires 1s equal to 8.0 uN, what 1s the
greater of the two currents?

a. 0.20 A b.0.40 A c. 40 mA d. 20 mA e.0.63 A

18-The figure shows a cross section of three parallel wires each carrying a current of 5.0 A out of the

paper. If the distance R = 6.0 mm, what 1s the magnitude of the magnetic force on a 2.0-m length of any
one of the wires?

@ I
a. 2.5 mN b. 3.3 mN c.2.2mN d. 2.9 mN e. 1.7mN S0

'© :

19-Two long, parallel wires are separated by a distance of 2.50 cm. The force per unit length that each

wire exerts on the other is 4 * 107°N /m, and the wires repel each other. The current in one wire is 0.600
A. What 1s the current in the second wire? Are the two currents in the same direction or in opposite

directions?

AW BT i inrimisisinma ] dhmbimib iR e

R




{Done by: Omar Mohammad}

20-Calculate the magnitude and direction of the magnetic field at point P due to the current in the
semicircular section of wire shown 1n figure?

it
 —

& 7 ?:“\\

;’/ R \\‘a_
—) \
— P

| —»

ANSW L e vrrerernenranes

21-The figure shows a cross section of three parallel wires each carrying a current of 24 A. The currents

in wires B and C are out of the paper, while that in wire A 1s into the paper. If the distance R = 5.0 mm,
what 1s the magnitude of the force on a 4.0-m length of wire A?

a. 15 mN b. 77 mN c. 59 mN d. 12 mN e. 32 mN ® O0—0

22-A long straight wire (diameter = 2.0 mm) carries a current of 25 A. What is the magnitude
of the magnetic field 0.50 mm from axis of the wire?

a. 5.0 mT b.10mT c. 0.63 mT d.2.5mT e. 0.0l mT

23-A hollow cylindrical (nner radius = 2.0 mm, outer radius = 4.0 mm) conductor carries a current of 24

A parallel to 1ts axis. This current 1s uniformly distributed over a cross section of the conductor.
Determine the magnitude of the magnetic field at a point that 1s 5.0 mm from the axis of the conductor.

a. 0,96 mT b. 1.7mT c. 0.55mT d.1.2mT e. 0.40 mT

24-A closely wound, circular coil with radius 2.40 cm has 800 turns. What must the current in the coil be
if the magnetic field at the center of the coil 1s 0.0770 T?

ANSW L e vrrerernenranes

25-A closely wound coil has a radius of 6.00 cm and carries a current of 2.50 A. How many turns must 1t
have if, at a point on the coil axis 6.00 cm from the center of the coil, the magnetic field is 6.36 * 10™*T?

ANSW T ciiiiiiiereecrnssrareres

26-A wire carries a current of 10 A along the y axis from y =-9.0 cm to y = 16 cm. What 1s the magnitude
of the resulting magnetic field at a point, x =12 cm, on the x axis?

a.6.7 uT b. 12 uT c.5.0 uT d. 1.7 4T e.3.3uT

27-A conducting hollow cylinder (inner radius = a, outer radius = b) carries a current of 40 A that 1s
uniformly distributed over the cross section of the conductor. If a = 3.0 mm and b = 60 mm, what 1s the
magnitude of the (line) integral § B - dl around a circular path (radius = 5.0 mm) centered on the axis of
the cylinder and in a plane perpendicular to that axis?

a.50uT -m b. 47 uT - m c.22uTlT -m d. 37 uT -m e. 30 uT -m
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28-A conducting rod with a square cross section (3.0 cm . 3.0 cm) carries a current of 60 A that 1s
uniformly distributed across the cross section. What is the magnitude of the (line) integral ¢ B - dl

around a square path (1.5 cm . 1.5 cm) if the path 1s centered on the center of the rod and lies in a plane
perpendicular to the axis of the rod?

a. 14 uT -m b. 75 uT - m c. 19 uT -m d.57 uT -m e.38 uT - m

29-A closed curve encircles several conductors. The line integral ¢ B - dl around this curve is 3.83 =
10™*T.m .What is the net current in the conductors?

N A E L =]

30-By using a compass to measure the magnetic field direction at various points adjacent to a
long straight wire, you can show that the wire's magnetic field lines are

a. straight lines in space that go from one magnetic charge to another.

b. straight lines in space that are parallel to the wire.

c. straight lines in space that are perpendicular to the wire.

d. circles in planes perpendicular to the wire that have their centers on the wire.
e. circles that have the wire lying along a diameter of the circle.

1. | d. 60 uT 11. | a.59uT 21. | b.77 mN
2. | c.24uT 12. | d.0.31mT 22, | d.2.5mT
3. |e19uT 13. | o3&l 23. | a.0.96 mT

8k
4, | Bs=6%108%T Bg=6%10"°2T 14. |B=0 24, | I = 3.684
5. | B=1.21*10"3T,into the page | 15. | 7.54 uT ,to the left 25. | N =69
6. | d.450uT 16. | o &L 26. | b. 12 uT

4R
7. | b.10mT 17. | b.0.40 A 27. | e.30uT -m
8. |c.30A 18. |d.2.9mN 28. |a.14 uT -m
9. |(1.85+x1071°,0,347 10719 T | 19. |[I =8.334,0pposite 29. | I,,.=3054
10. | dBi,s = 1.54+=107°T,into the page 20. pel 30. | d.

B, = ,into the page
P 4R
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