


Chapter one The Magnetic field and forces
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Chapter one The Magnetic field and forces

1-1 Magnetism

Magnets apply forces on each other just like charges. You can draw
magnetic field lines just like you drew electric field lines. Magnetic north
and south pole’s behavior is not unlike electric charges. For magnets, like
poles repel and opposite poles attract. A permanent magnet will attract a
metal like iron with either the north or South Pole.
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(a) Opposite poles attract.

: F F
& gf“ff" :
: ~/ O 1 G S|
(b) Like poles repel.
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Electric field:

1) A distribution of electric charge at rest creates an electric field E Inthe
surrounding space.

E o eS Jlae g 4Ll 4l oSl cliasl Jga a5

2) The electric field exerts a force ﬁe = qE On any other charges in
presence of that field.
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Magnetic field:
1) A moving charge or current creates a magnetic field in the surrounding

space (in addition to E). i

48LaU 138 Leds 48 jaiall 4l Ja B Lnsalalins Ylaa Jlall 5 g 4Sjaiall clliail) Al g
E leSl daall I

2) The magnetic field exerts a force ﬁm On any other moving charge or
current present in that field.

Jiadd) o2 g gall 48 il il e F o8 B (eshalianall Jlaal) Jaloyy

- The magnetic force is a vector quantity associated with each point in space
-, Is always perpendicular to ((¥) And (§ ).

M\}dl.;.‘d\wds‘ﬁjr_g}&\gw\&gawjmﬁ\@s@m&bw\zﬂ\

Fo=|g| vL B (1)

Remember that in cross products: a x b= ab sin O
F,=|q| vBsin®.......... (3)

1-2 Maanetic Field Lines

1-Magnetic field lines may be traced KX ’\ )/

from N to S (similar to the u i

electric field lines). OGNSR

2- At each point they are tangent to \
magnetic field vector. \)/ X . “ /, N L'/
3- The more densely packed the field lines, _“'_9_’_9
the stronger the field at a point. /f\ /*\ ‘ '

4- Field lines never intersect.

5- The field lines point in the same direction as a compass (from N to S).
6- Magnetic field lines are not “lines of force” Magnetic field lines have no
ends, they continue through the interior of the magnet.
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1-3 Magnetic Fields and Forces

Experiments on various charged particles moving in a magnetic field give
the following results:

1. The magnitude of the magnetic force ﬁm Applied to the particle is
proportional to the charge q and to the speed v of the particle.

,wﬂmﬂ\juﬂ\@wmﬁm%w\aﬂ\wo\—l

2. The magnitude and direction of ﬁm Depend on the velocity of the particle
and on the magnitude and direction of the magnetic field B.

ebalinall Jlaall olail 5 Ao intll de o o ading Lealadl 5 F ) dpuslalina) o gill da— 2

3. When a charged particle moves parallel to the magnetic field vector, the
magnetic force acting on the particle is zero.

| jia 4gurhliaall o 8l dad () 55 awlalinal) Jlaall (5 ) 50 JSis 4inil) 48 jadi Laxie — 3
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Notes:

1. When the particle’s velocity vector makes any angle 6 #+ 0 with the
magnetic field, the magnetic force acts in a direction perpendicular to both v

-

and B; that is, F,, is perpendicular to the plane formed by v and B.

o 9 (5 gall (5 sine Sl Lasas B 4senlalinall o 5l 4t () sSon i B adliad
Jadl 5ac

2. The magnetic force applied to a positive charge is in the direction
opposite the direction of the magnetic force applied on a negative charge
moving in the same direction.

adalisall 4guslalinall o gall ol (Se & 4un gall 4l e adalidd) Fodgulalind) o gl — 2
SladY) e 84S jaiall g aglld) aindll e

3. The magnitude of the magnetic force applied to the moving particle is
proportional to sinB, where 0 is the angle the particle’s velocity vector makes
with the direction of B. We can summarize these observations by writing the
magnetic force in the form:

4..3}\}\6.&9 &L\:\;S”’]e@WW&M\M\&QM\%M\D@\M—3

L}AD.AA &L\ML&M}\MM}&M\JM\M)V@M\M%DJM\
Al 4l )l drna A

As E = g .......... (5)
= F

B = pepener SRTRTENLS (6)
F= §(qv sind) or
ﬁm =q(vXB)
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1-4 Right Hand Rule

Positive charge moving in magnetic field  Negative charge = F direction
—>direction of force follows right hand rule  contrary to right hand rule.

}

\ ‘;‘-\ B
o
i T in— -
5-B plane r..l orce acts along this line. hard!
— L/
R G -
N
Li |
Positive and negative charges
moving in the same direction
. ) through a magnetic field . ‘) .
The magnitude of the magnetic force on a experience magnetic |
. . forces in opposite
charged particle is: directions. ff =% 7
o H g, — qg =0 B
E, = |q| v B sing (= &
where ¢ is the smallest angle between v 2 2
g, = —q <= 0 = &

and B. From this expression, we see that
Fg is zero when v is parallel or antiparallel

to B (¢ = 0 or 180°) and maximum when v is perpendicular to B (¢ = 90°).

In the Sl unit 1T = —~— = —— 1Gauss = 10T

cm/sec Ampm

VF=(qb =B

Examplel: An electron in a television picture tube moves toward the front
of the tube with a speed of 8x10° m/s along the x-axis .
show in the Figure. Surrounding the neck of the tube N
are coils of wire that create a magnetic field of
magnitude 0.025 T, directed at an angle of 60°
to the x- axis and lying in the x, y plane.
Calculate the magnetic force on the electron.
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Solution: E, = |q| v B sing
F, =1.6x10719C x 8 x 10 m/sec x 0.025T X sin60°
F,=28x10"14N

Example 2:

A regular magnetic field in which B = 0.12 T to the east, proton at a speed of
5x10°m / Sec was thrown into the magnetic field. Find out the amount of
magnetic force Fz Attached to the proton for the following cases:

a. Towards the south? b. Westward? c-Northward?  d-East?

e - Towards making the corner 60 to the east ?

Solution:

The proton charge is 1.6x107° C, and the magnetic force is F; = q v B sin0

a) Towards the south, then the angle between the magnetic field and the
proton is 90°

ﬁm = q v B sinf
= (1.6x101°%) x (5x10°m/ Sec) x (0.12T) x sin170
=9.6 x10®°N

b) Westward, then the angle between the magnetic field and the proton is
180°

E, =qvBsinf
= (1.6x10%%) x (5%10°m/ Sec) x (0.12T) x sin180
=0
H. W.: find (c), (d) and (e)
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1-5 Magnetic Flux and Gauss’s Law for Magnetism

- The magnetic field is equal to the flux per unit area across an area at right
angles to the magnetic field = magnetic flux density. That represents the
integral Gaussian Equation for closed surface.

Jaall I ghaal dAdabual) 3a 5} @ p uhalinall () (5 gy undalinad) Jlall

e pamy daludl 3aay o anseall  ondaliall ) )

b o gl alalSall 4B Jiai ) 5 (7)) 48Mall
e

Oy =¢B L dA=¢B.dAcos®

Units of magnetic flux is Wb/m?

1 Weber (1 Wb=1T.m>=1N.m/A)

For non- uniform magnetic field
ALl 483all ) apnre 4nS  whlizall () o) Eus
Jadl ooy 5 alie ) cwwlliall Jlaell oo
Aaie 5 Jaall b ghas dnia (o) geanall 43551 2 0 40510 5 Glaall JalSilL aliidl e
aaliuall
If B Is uniform:
®; =B, A=B ACos#6
48 el G duala (e ol s (i) (S | alitie cundalizall sl IS 1) Ll
Lagin oy sanall 4351 3l alad a5 dalisall 3403 5anl)

- Difference with respect to electric flux = the total flux through a closed
surface is always zero. This is because there is no isolated magnetic charge
(“monopole”) that can be enclosed by the Gaussian surface.

CDszE.d/T:O

Glie mhad ublizall Gkl o) and S0 Gaill g asblindl (adll 45 )ae e
JAN e g (o siad) adadl) ) asti ) Jledll calasll e aot Jlaal) b glad (Y ) jiia (5 sy
slo (il g gena 8 Sl Sl Gkl L) | ) jia Gadll ila (S Uil Gublin

(€ 0) &1l 4l 5eSh apaland) e Lo guia seasdl Jala 4Kl 4saill (5 by zdasdl
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Magnetic flux Electric flux

CDB=f§.dfT=O cpEsz,dg:gg

0

$ 3 (Bl mhand culalinall Gadll ¢ sane | diaitll (5 sl L 5eSU pail) Jasha g gens

()5l pndalinall Caladll 3 ga 5Y ) | jaa sl agalend) e Ui gudia aneall 440S0)

s in e Jgeanll (Sadll (ga ) ¢l
(28 JS5 4 ga

1-6 Motion of Charged Particles in a Magnetic Field

- Magnetic force perpendicular to v It
cannot change the magnitude of the
velocity, only its direction.

a1 ae juldl 4aie e 4 gerl) 4nndalizall 3 g8l
Lealadl Jadh (Sl de pull dad (o i

-

F,=qV xXB

- F Does not have a component parallel to
particle’s motion = cannot do work. B

St Jadi o (S 13 apall A8 jal 4y ) ge 4 e Follia Y

- The magnitudes of F and v are constant (v perpendicular F) = uniform
circular motion.

13 Jlaall e 43 gee 4yl ()l il ae jull 5 F agesdaliaall o sl A () S 13)
Aalaiia 4 yila a8 sl gii

Radius of circular orbit in magnetic field:
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mv
R =——

lq|B
+ Particle = counter-clockwise rotation. acludl @ ie ple A g0 aia Bl )

Olose

- Particle = clockwise rotation. dclull @ lie aa Gl sall 4alla 430800 13
Angular speed:
S )

R mvy

-1f v is not perpendicular to B v parallel to B Constant because F = 0
particles move in a helix. (R same as before, withv = v)).

bl Jladd) Lo 4 gae e 4o udl il 13 Ll y
Oy Wiad 5 depull sladl & Lund dllla o sSon 1)
Laal 535S o (s e se () Jlai Cogas 4

(ol ) () Sl h alaia (g iy s

This particle’s motion has components both
parallel (v,) and perpendicular (v, ) to the
magnetic field, so it moves in a helical path.

10
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1-7 Ampere’ Law: states that the line integral of B and dl over a closed
path is u, Times the current enclosed in that loop:

5 sh i asal dl 4a) Y1 4nie 5 B puablinal Jlaall o Joslad ladl) JalSil
(‘enclosed i) 4&lall o jilall & Uil A2y pm gy ¢ Al Asuadaliagdl 4360 G ja Juals

G B.dl = Uy ienciosed -oonne--- (11)

U, = 4w x 1077T.m/A is the magnetic permeability of free space.

And to find the field around a long straight wire:

dgjkdmyﬂhdpwgkw‘dw\d@:)(j 'T-'
Sﬁﬁzs: = Uo-lenclosed
N - e,
$ds = 'f_-__ ——
5

2nr the circumference of the loop

B.27tr = Uo.lenciosed

B = Kolenclosed (12)

27T

1-8 Solenoid: A solenoid is a helical coil of wire with the same current I
passing through each loop in the coil. A uniform magnetic field can be
generated by a solenoid.

Al g Ky 13) Caldl 8 g Al JS 8 Ll el pay Jaa g Gl (e sl ala (e 0 e 5o
AU g gl e alaile  unhaline Jlase

’ (D(DO(D@G)G)@@G)@C“”‘ent

D00000000000000 B B
p—— —
wf - Along the bottom Bv- -
. (bc,da) the line integral
" 3 > H is zero since B is -_@“@“@ ® ® ® ® ® I ® ® ® Current
B U L L L O l perpendicular to the S . B=l in
:\, \\\l'v‘g‘»h\;\"\'\‘vi bl—-’—ds_‘-——‘——m
y AR AL s b~
AAAN AAAAAN Along the bottom (ab) the 57 t e The loop
679 124 654 5 b4 o2 R 54 B9 B4 6 L . B et L ‘
line integral is zero since abcda

B=0 outside the solenoid

11
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gﬁB ds =pu,.I............ (13)
]
b C 5 11- ﬂ_ f
jgﬂdﬁzjidi+13ds+‘[ﬂds+ B/ ds = Holin
abcda -~ b ¢ BIld d
B=0 B Lds o0 Il 4s B 1 ds
B = const

There are N loops with current | enclosed by an Amperian loop, so

Iy =Nd oo 13)

B[ ds =y NI ......... (14)

— —  Ho.N.1

Bl=u, NI =>B = i wheren=T

n is the number of turns per unit length.  Jshll sas o lalll aae Jiad Cua

|

solenoid - ”0. n. I .......... (15)

Example: What current is required in the windings of a long solenoid that
has 1000 turns uniformly distributed over a length of 0.4m, to produce at the
center of the solenoid a magnetic field of magnitude 1x10* T?

Solution:
- Uo-N. 1

[

. B.l

U,-N.

12
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(1 x 107*T) x 0.4m

T.m
Amp) x 1000

= 31.8mA

) (4n x 10~7

1-9 Sources of Magnetic Fields

Biot-Savart Law

Currents, which arise due to the motion of charges, are the source of
magnetic fields. When charges move in a conducting wire and produce a
current I, the magnetic field at any point P due to the current can be
calculated by adding up the magnetic field contributions, dB , from small
segments of the wire ds, see the figure

Do g llls 3 cilinll @l jaT Lavie 5 oawlaliinal Jlaall | jacae Jicd 48 jaiall cliall o)

o) i L) AP i ke ie slaliacall Jlaall () 5 131 | L 5gS 1t 255 o g
ahjdﬁjaﬂu\JPJM\@AJSSQ\A@Y\twdﬂ;w@b&;uﬂq&d\gjgﬂ\

L sk aaia
a8 ©
j:l'
-
.

The infinitesimal current source can then be written as Ids .Let r denote as
the distance from the current source to the field point P, and 7
The corresponding unit vector. The Biot-Savart law gives an expression for

the magnetic field contribution, dB, from the current source, Ids

Jaall adads I as) ¥ asie (e adleal) Jiai r (&4 [dS @ SV W e uadll (S 1
Ll et Ladany () Cijds 50l O 88 Sy L a3 (381 5all 4l V) daxia 4 T 5 P
I1d5 Sl sdas e anilill @B adalinad) Jiaal) Cilalgas! gren]
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= IdSXT
dB = £

4T 12

Where pu, Is constant called the permeability of free space:
Uy = 41 x 107’T.m/A

Adding up these contributions to find the magnetic field at the point P
requires integrating over the current source:

AL S SRS 330 iy Gl e T Adls e p e 4k el Jladl) sl

_ — ol J ds Xr
B = dB =
f 4 r2
wire wire

1-10 Magnetic Field of a Moving Charge

According to the definition of electric current: (which is the flow of electric
charge across a surface at the rate of one coulomb per second).

Jaray Jaa gl dalisall s 5 A il 5o U ilin ) 48 ja 1aily 3L 5eSh) Ll Cay oy
dq

A: ampere I=E@m“;h\jgﬁ‘5&§
15 = s — a0 ® gy
ST T Mgy T

Where v is the velocity at which the charge carriers move down the wire. In
the limiting case where the length segment ds Contains just a single charge
carrier carrying a charge ¢, the deck becomes g and

dqv = qv

i dald alls Lsal die s Jempall Jals 8 ainll L & ady il de ) 4y of Cas
dg Ja\S3 130 g dadd a5 9 5iSU e s gisy length segment Jshll adadall o) Gl il e
aapall i il 508 O S 3| Ao i Cogu

14
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§=&q;XF
4 1r?

vvee e s (17) for single particale

Let us now, use the Biot-Savart law to field an expression for the magnetic
field caused by charged particles moving at constant velocity. Consider first
a straight wire carrying a current of magnitude | and aligned with the x axis,
as in the Figure. The magnetic field generated at point P by a small segment
Is given by:

a4l S Aind (e 4l pslalizall Jlaad) Cluad & i gl ¢ 538 dapa Ay oY)
G sall olaily & ety 5 | S ey ifise 5 o sha i g b Ll () i il g daliin 4y
P b xie (s 4al 3V adia (e ol gial) esdalinall Juaall 13 JSE L8 e 5o LS X aXiS -

s

-

Ho qV X T
4 12

=L

B =

Where # Is a unit vector pointing from the segment to the point at which we
wish to determine the magnetic field, and r is the distance between the
segment and the point P. suppose the segment contains an amount of charge
dg. Let the charge carriers responsible for the current take a time interval dt
to have displacement. According to the definition of current we have.

Glua 3l ) Pakasill ) ds as) 3V adaa (3 425 ynit vector 4sidl sy o 7 dus

o) il g P adaiill 5 aal 3V adaie (p adlaall Jisi 1 )5 Wadie B paslalinall Jlaall
ehie sl dt (o) S Zliad Hlall alalall 4l () s dg 52 P adaiil) vie undalizall sl
Dkl iy el ks g ds 4sd Y

15
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Idx = qv

Substituting this result into Biot-Savart law, we obtain an expression for the
magnetic field of a single moving charged particle:

& (emuhaliaall Jlaall dad Cluad 58 e Jianin & jiu ol o 6l 3l ol Jlaiul
ki ey s afiass o 4 (0 4dlass 225 4lal

— VXT
B =1
4T r

Example: An electron carrying a charge e= —1.6 x10 *° C moves in a

straight line at a speed v = 3x10” m/s. What are the magnitude and direction
of the magnetic field caused by the electron at a point P 10 mm ahead of the
electron and 20 mm away from its line of motion?

-e 1}.’

The magnitude of 7 is r and equal

r =+/10%2 + 202 = 22mm

E _ &qf/\ X F 10 mm P
A 12
B (47 x 1077 m/A) (1.6 X 107°C)(3 X 107 m/sec) X 22 X 107 3m
- 41 (22 X 1073m)?2

B =8.6x10"1eT

16
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Problems Ch 1

1- The North-Pole end of a bar magnet is held /

near a positively charged piece of plastic. Is

/L

<

the plastic (a) attracted, (b) repelled, or (c)

unaffected (d) rotates by the magnet?

Why (c) the positive charge in the piece of s
B

plastic is in the rest so there is no magnetic

field to interact.

2-A charged particle moves with velocity v in a magnetic field B. The

magnetic force on the particle is a maximum when v is (a) parallel toB,
(b) Perpendicular toB, (c) zero (d) 6= 60°.

Why (b) Fg = q(v x B) Sin@ ... Sin90 =1

3- An electron moves in the plane of this paper toward the top of the page. A
magnetic field is also in the plane of the page and directed toward the
right. The direction of the magnetic force on the electron is (a) toward the
top of the page, (b) toward the bottom of the page, (c) toward the left edge
of the page, (d) toward the right edge of the page, (e) upward out of the

page, (f) downward into the page.

17
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4- A wire carries current in the plane of this paper toward the top of the page.
The wire experiences a magnetic force toward the right edge of the page.
The direction of the magnetic field causing this force is (a) in the plane of
the page and toward the left edge, (b) in the plane of the page and toward
the bottom edge, (c) upward out of the page, (d)

downward into the page.

5-A charged particle is moving perpendicular to a

magnetic field in a circle with a radius r. An my
identical particle enters the field, with v R: —
perpendicular to B, but with a higher speed v than q B

the first particle. Compared to the radius of the
circle of the first particle, the radius of the circle for

the second particle is (a) smaller (b) larger (c) equal

in size.

6- Charged particle is moving perpendicular to a my
magnetic field in a circle with a radius r. The R:—_
magnitude of the magnetic field is increased. qB

Compared to the initial radius of the circular path,
the radius of the new path is (a) smaller (b) larger

(c) equal in size.

18
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The Magnetic field and forces

7- Comparison between the magnetic field and the electric field?

Magnetic field

Electric field

led sn Al g 4S_jaiall ol al) Jié |
ol I 4 slin Jlone
el
a5 48l puabinall Jlaal dag— 2

F = B(qu sinf)4dull e

i Cliadll Jsa b yeSI Jlaall Al iy — ]
CosSall Al 8

e daiad g asalad) Sl Sl Jlall dad — 2
Fe=qE 48l

8- State the magnetic field lines properties
Csiall ) Jedll e B mdaliaall Jlaall o shad aii —]

adaiil) b 8 (el olat) o F - Assdalina) o il ol Jlaall b ghad e adai S 32

L) el b Jlaall 38 i Jlaall Laglad 43US 3

Ala ) adand 5 Leide

|l ol Y aplalinall Jlaall Jashas — 4
YY) Sar palalinall Jlaall o shad — 5

(olalinall Ja13 o paivee ed aded 5) 4l Ll Caad pudalinad) Jlaall b shad — 6

9- Define the magnetic flux and Gauss’s law?

The magnetic field is equal to the flux per unit area across an area at right
angles to the magnetic field = magnetic flux density.

Jlaall Lo ghadl dA4abioall a5l D asshalisnall Gmdl) (g sty uaaliaal) Jlaal
483l Lgie M}%w\ﬁhjujc‘gd}uj\ L_“_..n:\jaha.d\

For non- uniform magnetic field

5 alitia yl) awblinall Jlaall o 4Blud) 483lall ) s 4peS ubliaall (adll o Cus

Lo shad 4a3S (o) geanall 435 5 (o8 0 451 )

If B Is uniform:
CDB =BJ_A =BACOSH

19

s ) Jalall alatiall pe Jadl e juag
dalical 4atia 5 Jaall




Chapter one The Magnetic field and forces

AS all a diala (e ojlie s il () S | aliie cunlalizall Jlad) (IS L)
Lagiss o ) semnall 451 30 ol Cum g dalisall & 430 e
- Difference with respect to electric flux = the total flux through a closed
surface is always zero. This is because there is no isolated magnetic charge
(“monopole™) that can be enclosed by the Gaussian surface.

¢B=j§@£=o

e mhand oplaliall Gl o) and (SU Sl (il pe ouplaliaall (el 45 )lia 2ie
13 yaindiy (s piadl il ) 45 Neal bl (e gt Joal L shai (Y |y (5 b
o paall & sane B LS Gl Wl L | jda el Sla o5 Ul ubaliaall
Y sl (& o) £l Al el Anland) o Lagusia mlandl Jals 4KH 4iasl) (5 oy peland)

J a5 sl
Magnetic flux Electric flux
¢B=j§@£=o ¢E=j§dﬁ=§
0]

6 st Blie gl usplalinall (aidll ¢ gane | aia ) (5 gl Al e () b shad ¢ sana
(2 1) ndalizall adadll 3 ga Y ) ) joia Al dgalend) e Ve gudia avall 41
Al ind e Jgeanl) (Sad) (o ) 1Ll
(ke Sy 4aa 50

10- Define the Ampere law and give an expression for the magnetic field?

Ampere’ Law: the line integral of B and dl over a closed path is u,,
Times the current enclosed in that loop:

5 st e Jesdd Aal Y] 4aia 5 mblinadl Jlaall Jashd s yin Jealal ) (el
(enclosed 1) 4alxall o plall & HLall 84y pm g ) &1 AL dsnlalinall 408 0 jua Jials

—_—

fﬁB Al = Uy lenciosed

U, = 4m x 1077T.m/A is the magnetic permeability of free space.
And to find the field around a long straight wire:

U sh o g s gn msallinall Jlaall s
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¢B .ds = Uy lenciosed [II
$ds =
2nr the circumference of the loop .
_ —_
B.27tr = Uy lenciosed (_ f ;I
. o i
— Uo-lenclosed | BT
2nr

I

11- Define the Solenoid and give an expression for the magnetic field?
Solenoid: is a helical coil of wire with the same current | passing through
each loop in the coil. A uniform magnetic field can be generated by a
solenoid.
Sy 13) Calall Dl (e 4d) JS 8 LN (s ey Joage b e o il (0 5 jle s
2 Y gl (ye aliine anlaline Jlae 2 5,

B.ds=po.l OO@OO@O@OO

—
»

There are N loops with current | enclosed by ' B =

B

dga g aas N Clilall 8 Celaiall Ll udiy g Sl (1
Iin=N.I

Bcdds=po.N.I

B l=uo.N.I =B =uo.N.Il

where n=N1

n is the number of turns per unit length.

B sotencia=po.n.I
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12- A proton travels with a speed of 3.00 x 10° m/s at an angle of 37.0° with
the direction of a magnetic field of 0.300 T in the +y direction. What is
(@) the magnitude of the magnetic force on the proton and (b) its
acceleration?
Solution:
(@ Fg=quBsind

= (1.60 x101° C) (3.00x10°¢ m/s) ( 3x10'% T) sin37°
Fg= 8.67x10 N

F _ 8.67x107 1N

®  a=-

= —— = 5.19x10%3 m/s?
m 1.67x107%’kg

13 A proton moves perpendicular to a uniform magnetic field B at
1.00 x10” m/s and experiences an acceleration of 2.00 x 103 m/s? in
the +x direction when its velocity is in the +z direction. Determine
the magnitude and direction of the field.

Solution:

Fg =ma
= (1.67 X107 kg) (2.00x10% m/s?) = 3.34x1074 N

Fe=quB sin90° ===>B = £
qv

_ 3.34x107 N
(1.60x10719C) (1.0x107 )

=2.09x102 T

The right hand rule shows that B must be in the —y direction to yield a force in the +x
direction when v is in the z direction.
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14-proton moving at 4.00 x 10° m/s through a magnetic field of 1.70 T
experiences a magnetic force of magnitude 8.20 x 10"¥3 N. What is the
angle between the proton velocity and the field?

Solution:

Fe=quB sind
8.20x10*3 N = (1.60x10*° C) (4.0x10° m/s)(1.70 T)sing
Sind=0.754
So O=sin "1 (0.754)

0= 48.9°

15-At the equator, near the surface of the Earth, the magnetic field is

approximately 50.0 uT northward, and the electric field is about 100 N/C
downward in fair weather. Find the gravitational, electric, and magnetic
forces on an electron in this environment, assuming the electron has an
instantaneous velocity of 6.00 x 10° m/s directed to the east.

Solution:

Gravitational force: Fg=mg (9.11x103 kg) (9.80 m/s?)=8.93x10%° N

Electric force: Fe= gE (-1.60x107*° C) (100 N/C)= 1.60x10" N
Magnetic force: Fe=qux B
= (-1.60x101° C)(6.0x108 m/s) x (5.0x10° N.s/ C.m)
= 4.80x10" N
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16-The magnetic field of the Earth at a certain location is directed vertically

downward and has a magnitude of 50.0 uT. A proton is moving
horizontally toward the west in this field with a speed of 6.20 x 10° m/s.
(a) what is the direction and magnitude of the magnetic force the field
exerts on this charge? (b) What is the radius of the circular arc followed
by this proton?
Solution:
(@) B=50.0x10°T , v=6.20x10% m/s
Direction gives by the right hand rule = Southward
Fe=qux Bsin 6

Fg= (1.60x10° C) (6.20x10°% m/s) (50.0x10° T) sin 90°
Fg =4.96x10Y N

mu? mu? (1.67x10727 Kg)(6.20x10° 72

SO T = =

(0) F= F 14.96x10"17N

r=1.29 Km
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17-Calculate the magnetic field at point O of the current carrying wire
segment shown in Figure. The wire consists of two straight portions and a
circular arc of radius R, which subtends an angle 6. The arrowheads on the

wire indicate the direction of the current.

Solution:

ol ds
dB = —— —

i R
Because Tand R are constants in this situation,
we can easily integrate this expression
over the curved path AC:

mol [l ol
AzR? | 4mR% A7R

B=

where we have used the fact that
s = RA with # measured in radians.

The direction of B is into the page
at O because ds X r is into the page for
every length element.
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18-Consider the hemispherical closed surface in Figure 1. The hemisphere is
in a uniform magnetic field that makes an angle 6 with the vertical. Calculate
the Magnetic flux through (a) the flat surface S1 and (b) the hemispherical
surface S2.

Solution:

Solution:- the magnetic flux through the flat face S
@y = [ B.dA cosb
Oy = fz?.d,afc*os (180 — 0)

S

Note that cos(A+B) = CosA.Cos B — Sin A.Sin B

Oy = f B.dA [Cos180.Cos 0 — Sin 180. Sin0]

® 5= BaR%(-1).(1)- (0).(0)
®p=-BnR? Cos0 the magnetic flux through the Figure |

flat face

To net flux through the closed surface is zero

cI)totalz CI)Flat + CI)Curved = O
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19- cube of edge length 1= 2.50 cm is positioned as shown in Figure. A
uniform magnetic field given by B= (5"1+47+3°k) T exist
throughout the region.

(a) Calculate the flux through the shaded face?

(b) What is the total flux through the six faces?

Solution: -

To calculate the magnetic flux through the shaded face

®, = [B.dA Where ®zthe magnetic flux is B is the magnetic field dA

Is the area segment the shaded face vector is (100)

= +0j +0 "k T ////B
[=2.50cm=(2.5x10?) m
®, = [B.dA=B.A ng; x
= (5% + 4 +3°K) T. (2.5 x102)2 "i m? /) e
= (5% +0+0) T. (6.25x10) "i m? Figure 1

®p =31.25x10*T. m?
And to find the total flux through the six faces

®yz=[B.dA=0  The net magnetic flux through the six faces zero

according to Gauss law.

Teacher Article: Dr. Ehssan S. Hassan/ Mustansiriyah University/ college of science/ department

of physics

27



Chapter one The Magnetic field and forces

References:

1- Electricity and magnetism R. MURUGESHAN, S. CHAND & COMPANY LIT., 1995.
2- Seraway, Physics for Scientists and Engineers, by SERWAY AND JEWETT. 2017.

3-Elecrisity and magnetism /3" Edition/ EDWARED M. PURCELL AND DAVID J. MORIN,
2015.

4- electricity and magnetism e- book www.lightandmatter.com BENJAMEN CROWELL, 2015.

3- Seraway Solutions, Instructions Manual for Serway and Jewet Physics for Scientists and
Engineers.

28


http://www.lightandmatter.com/

	cover page.pdf (p.1)
	chapter 1.pdf (p.2-29)

