Unit 7 / Magnetism page (1) (2022/2023) YAHYA ALKASABRA

Permanent Magnet (7 — 1)
Permanent Magnet is a metal whose chemical composition is an iron oxide .

Magnet properties

kasabrz ‘ — iy
1) It has two poles north (N) andSouthx(S) . (asabr S " hay
2) Opposite magnetic poles attract , and like magnetic poles repel . =

3) If it is suspended freely, it takesta direction north - south . .
4) If it is cut , each piecg consists of two poles .

(No magneticf mondpolg exists) kasabre T
5) It attracts iron whickel , and cobalt . le
The Magnetic field (B)
The unit is #Tesla (T)
There is-another unit called Gauss where : (1G =107T) B

kasalrs

The direction of the field at a point :
isfthe'direction of the North Pole of the compass needle . A

Properties of magnetic field lines

1) Closer spacing between the field lines indicates to higher field steength .
2) The magnetic field vector is a tangent to the magneti¢ fieldalines .
3) Magnetic field lines form a closed loop because no magnefiéymonepole exists .
It looks like it is directing from the North Pole to the South outside
the magnet and from the south to the north inside the agnet .

The direction out of the page uggally means (4 z) axis and it is represented by the symbol . ®
The direction into the page usually means\(- z)"axis and it is Tépresented by the symbol . ®

Casabrs PEPRE S ue 3 17142 Earth's magnetic field 8@ (7-1) gu2 &
17202 5 17142 Earth' field 5 (7-1) Gu o
Magnetic Force (7 —2)

. . . velocity
1) Magnetic force on a moving(charged particle
F=qvxB
kasabrs 9
kasabra _ . h B
F = ‘Q‘ vBsinf chatge magnetic
. . field
If the particle movesyparallel or antiparallel to the field, (9=0 or 180°) theng
- B war B
F min O V< ® o————>vy
—_— _— kasabra s
v
If the particle moves vertically on the field, (6 =90°) then : F
14 —
B
Fmax =q |4 B # Kasabrs *
kasabrs F —t./

Direction of Force determine by (right-hand rule 1)‘as@shown .
OR : Thumb with velocity , fingers with field fasatre
The direction out of the right hand is the direction'of the force on the positive charge.
(if the charge is negative, we take the direction out of the back of right hand) kasabrs

aaaaa
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Q1) Determine the direction of magnetic force in the following cases .

kasahrs
kasahrs

v U
. — ; S—t B
1| — o — 2 — 3
—» :
> » ¥ ¥ Y
kasahbrs Kasabre kasahrs
X X X VX XBX GRS, 'S [0} B‘ ° ° ° ;
4 X X xXTx % x 5 QOOSOUGO 6 1o/.’®oo
X X XX X x hesar @ 006 e e06 v
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¥ X X X X X OO0«

Q2) A Proton is moving with a speed of (4 0x10° m/s) in the positive y-direction enters a

aaaaa

aaaaaaaaaa

magmtude of the force on the proton ‘and determine its direction . kasalrz

Q3) A'particle with a charge of (-20 2 C) moves along the negative x-axis with a speed of
(50més$) . It enters a magnetic field given by (5 =0.35+0.74) in teslas . Determine the

kasabrs

magnitﬁacsigsand the direction of the magnetic force acting on the particle . =

Q4 A particle with a charge of ( 2e) moves w1th a speed of (1.0x10°m/s) in a uniform

aaaaa

with a force of magnltude (3.0x10" N) . kasabrs

QS5) Suppose i in a cathode ray tube there issan electron

aaaaa

X e XX X

3333333333

1) Calculate the magnitude andsthe dlrectlon

of the magnetic force on the particle as soon vasasrs
as it enters the field . -

2) Calculate the magnitude of the electron's acceleration hasabr:
when it is moving through the magnetic field .

|
+ 4+ 4+ ++ 4+
>
g
>
>
>
=

Q6) A negatlvely charged particle moves with a speed of (300m/ s)

aaaaa kasabrz

in the pOSltlve y-direction in a region containing two
perpendicularly uniform electric and magnetic fields .
If the electric field is (1207 / m) in the positive x-direction

aaaaa

as in the ﬁgure calculate the magnetlc field required to
keep the particle moving in a straight line at constant speed

<!

\ 4

v

and determine its direction . kasabrz kasabre

Q7) A Proton is moving with a speed of (200m /s) in a region x x| x X% IXwx
contalnafhrg a uniform electric field (1000V/ m) and a uniferm B
magnetic field (1.27) as shown in the figure where : X X| X X |X X
1) Calculate the acceleration of the proton as soon as it'enters fasabre o—r—v

the two fields and determine its direction . (n\=1%7x10"Kg) | X X | X X | X X

2) Calculate the acceleration of the proton if the direction
[ . . v x x A 4 x x v
of the proton's velocity is reversed . kasabrs
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The work of the magnetlc force on the movmg particle is equal to Zero , Explaln ?

aaaaa

acatr W=Fdcos90° =0

kasabre

The magnetic field does not affect,theKinetic energy and the magnitude of velocity .
(st W=0 "% "AK=0 = K constant

The magnetic field only/€hanges the direction of velocity . -

kasabrs

Q8) Choose the correct answer in each of the following ...
1) Which of the following"units is equivalent to the magnetic field unit (Tesla) ?

a) N.A .m™" S». b) N.A.m™ c) N.m.C™' d) Nm.4™
2) Which of.the following units is equivalent to (Kg.C™"'.57")? hasir
a) Volt .../ b) Newton c) Ampere d) Tesla

3)A proton entered a unlform magnetic field pomtlng to the right and the magnetic force

aaaaa

a)downward b) left C) upward d) right

4) A,proton is moving in a uniform magnetic field , as.shown in X
thé'figure .What is the direction of the magnetic forcae on the proton 2 * x| x *
a) downward e b) left - cacatr x I x X
c) upward d) right L

5) An electron is moving with a Veloc1ty of (7.4X90° m/s) perpendlcular to a magnetlc field ,

aaaaaaaaaa

aaaaa

the magnetlc field ? kasbre
2) 8.2x10°°7 b) 0317 ¢) 17T d) 1.7x10° T

6) The magnetic force acting on,a charged particle :

a) Changes the magnitude of velocity only . -

b) Changes both magnitude and'thg,diréCtion of velocity .
C) Changes the direction of Velocity only

aaaaa

kasabrs

aaaaa

as it enters the constant magnetic field ? ¢ G
a) into the page b) out of the page QP ———————p
c¢) upward d) downward

8) An electron is travehng from the northwest toward the southeast in 4 region of space
direction of the magnetic force on the electron? -

a)+ty b) - x c)-z d)+z

9) A magnetic field is oriented in a certain direction in a horizontallplane . An electron
moves in a certain direction in the horizontal plane . For this@ituation , how many is the
possible directions of the magnetic force on the electron ? kaseor

a)l kasabrz b) 2 kasabrz c)3 d) infinite number
10) A charged particle is at rest when a magnetic ﬁeld is suddenly turned on . The field
particle ? ... .

a) in the x-direction asabre b) in the y-direction

¢) in the z-direction d)The net force is zero.
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11) In which direction does a magnetic force act on an electron that is moving in the
positive x-direction in a‘magnetic field pointing in the positive z-direction?
a) the positive y-direction b) the negative x-direction e

c) the negative y-direction . d) any direction in the xy-plane

12) A charged particle is moving in,a constant magnetic field . Which of the following
statements concerning the magnetic force exerted on the particle is not true ?

a) It does not work on the/particle . -

b) It may change the yelocity of the particle .

c¢) It may increase the specdof the particle . s~

d) It can act onlyfontheparticle while the particle is in motion .
13) A proton.is moving in negative y-direction perpendicular to a magnetic field ,
experiences a/force of magnitude F , acting in the negative x-(}irection.

What issthe direction of the magnetic field producing this force ?
a) + Z fliaseor b)-z c)+x d)+y

kasabrz

kasalrs

kasahrs

Motion of charged particles in a magnetic Field ( 7 — 3)
Whén a charged particle moves perpendicular to 4 Uiniform magnetic field, it takes a circular
path,as shown in the figure . - x x % %
The Reason : oo B
X

Because the particle is affected by a magnetic force always N x
perpendicular to its velocity, acting as a centripetal forcde, that H y X
causes it to move in a circular path. o ::.
The magnetic force is always towards the center , so X o5 X X i X
it is called the centripetal force. hasatre ‘ *' v
The radius of the particle's path is calculated frem the relationship : X X X P
F,=F.
asabrs )
|q|vB = my kasabrz
my
— m :anass
kasahrs |q|B
r= ﬁ P : momentum of particle (p=mv)
q

kasabrz

If the particle moves'parallel to the field, it will not be affected by a magnetic force @nd will
continue to moveé in a straight line.

If the particle moves not perpendicular to the field it will move mm
in a helical path and its radius will calculated from : ..
esebre mvsin @
r=—-5 kasahrz
9/ B
Q9) Determine the direction of particle's rotation in the fellewing : ...
» E' ' » k4 X § x X b3 Bo ® o __a_o o o
electron kasabrs L] ,‘, [ ] [ ] ] \\‘ .
X X A X X X x ele o o o o\\ .
1 I 2 3 | s !
x « ¥ X " N N < . . ‘\o ¢ e o .’, .
. *T)' . l\\ : . o’ . Lo e
® o e e o o

X ® ' » x X 9 x x

kasabrs
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Q10) A proton in a magnetlc ﬁeld moyes counterclockwise on a circle in xy plane , with a

aaaaa

considering (q =1.6x10""C) , (m, 1. 67><10‘27 Kg) kasabrs

1) Calculate the radius of the proton's<Circular path . ! . ’
2) Determlne the dlrectlon of the magnetic ﬁeld \

to each of the following . 9 casabre R i
a) Magnetic force . b) Acceleration of the proton . .
¢) Radius of the proton's path . d) Speed of the proton .

Q11) A particle with charge of (1.6x107"°C) is moving in a circular path of radius (2.3m) ,
the magneti¢ field affected has a magkﬁaitude of (0.57) :

1) Calculate the momentum of the particle .
2) Calculate the kinetic energy of the particle in units of electron volts , consider the mass of the

paticle is (2.5x10™ Kg) . s

kasabrs

Q12) A small, charged ball of mass (3 44 g) is mov1ng north w1th a speed of (3.18x10° m/ §).

aaaaa

aaaaa

direction when looklng at it from above , considering the magnetic xB oo .
field is (0.517) into the page : Casalr: Rl e
1) Calculate the charge of the ball and determine itS type*. pasaon x r’ x x \‘. x
2) In which direction should the ball be ejected in order, to = |
travel in a straight path within the field . A « 7
3) What will the shape of the path be if thesball's yelocity makes el
an angle (40°) with the magnetic field direction ? casabr: x : : x
Q13) The ﬁgure shows the paths‘of two particles (x , y) charged
with the same masses when they,were/projected into the same = ,)é-a..?gx X
magnetic field with the same speeds . P e
1) What is the kind of ea¢h charge ? - .
Charge of (X) : ........c. [ § e < 1B
Charge of (Y) : ......be. . o y \
2) Explain why, the particle's charge (x) is less than kasalre \\\ x\ x ,'// x
the particle's chargé€(y). ke T~ ~§’_~_-:5 .

Q14) An electron with Kinetic energy equal to (4x10°e}) and an electron gvith’kinetic
energy equal to (2x10° eV) are trapped in a uniform magnetic field and move in circular

kasabrs kasabrs
paths . What is the ratio of the radii of their orblts ( )?

r

kasabrs

Q15) An alpha partlcle (g =+2 , m =6.64x10"" Kg) is accelerated by a potentlal dlfference
of (2700/) and moves in a plane perpendlcular to a constantimagnetic field of magnitude
(0.347) , the alpha particle is moving in a circular path,.

Calculate the radius alpha's path . kasabrs

Q16) An electron with a speed of (4><105m/ s) enters a uniform magnetic ﬁeld of magnitude

aaaaa

1) Calculate the radius of the path and determine path's shape .
2) How far forward will the electron have moved after a time (1us) ?
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Q17) At a certain time an electron crosses the positive ¥
aaaaa o

in the positive x-direction as in the/figure . (me =9.1x107"' Kg)

1) Calculate theasarbnagnltude andithe dlrectlon of the
magnetic field that will cause'the electron to cross

aaaaa

the x-axis at (60cm) from the origin . 60.0 cm

60.0 cm

kasabrs
kasabrs

2) What is work done on‘the electron during this motion ?

\easabrz kasabrs

Q18) Choose thecorrect answer in the following vasatrs

1A pos1t1vely charged particle entered a uniform magnet1c ﬁeld and moved along
a) in the“direction of the field .
b)perpeiidicular to the direction of the field .
c) i direction opposite to the field .

@)in a direction makes a Certain angle with the direction of the field .
2) What is the relationship between the magnitude offh@path radii of each of the
two ions (x,y) When they are ejected at the same Veloc1ty perpendlcular to the uniform

aaaaaa

magnetlc field hnes as shown in the figure : : —
X X X %X X X X

kasahrs

a) X =-— B
)r‘,l 2m, +0 x x x X x X X
) | X. 3
b) L_1 X X X X X X X
7 4 YH kasahrz
y kasabrs
ro 4 m-2q' % X X X X X x
C)i:— |
ry 1 _X x__x__x X )E_x_
d) r x r,=1

3) An electron moves in 4 ciréular path With radius (») in a constant magnetic field #What

aaaaa

is the final radius of (e path*when the magnetlc ﬁeld is doubled ? ‘=~

a) 2r b) 4r e c) L d) 1

4) Which of the following relationships represents the magnetic force Vector on acharged
partlcle mov1ng ina magnetlc field? Kasabrs

a) F,=q(VxB) .. b) F, =q(v.B) c) F,=q(B.v) d) Eg= q(Bxv)

5) A proton is accelerated from rest by a potentlal differenceff (400 V) The proton
enters a uniform magnetic field and follows a circular path of radius/(20 cm). Determine

aaaaaaaaaa

the magnltude of the magnetic field . (m =1.67x107" Kg) kasabrs

a) 1.44x10° T b) 1.44T ) 1.44%10. ' d) 1.44x10°T
6) A proton mov1ng at speed (1. 1><106 m/s) enters a reglon in/space where a magnetlc field

aaaaaaaaaa

aaaaa

to the pos1t1ve X-axis , Calculate the radius of proton's path .
a) 1.15x1072 m b) 2.23x102m ... w.C) 1.99x102 m d) 4.51x102m

P Bangl) Al B ALl (e g (3l La (g Adgiaa AN pualgall (7-3) Gup 2
Time Project Chamber — Cyclotron Frequency — Mass spectrometer — Magnetic Levitation (177-182)

kasabre
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Magnetic Force on a Current-Carrying wire (7 — 4) kasabrz B
kasahrs
kasabrs FB & ZZ X E kasabrs
Fy=iLBsind 6
L : Length of the wire !
S B
The wire is parallel to the field )’ > B
. -
kasabrs kasahrs

The wire is perpendicular to the field —— >
Fmax = lLB kasabrs B

Direction offforceyby Right hand rule 1Y
Thumbs withghe eurrent kesare

Fingerg' with asmagnetic field rasar

Outef the right hand is the direction of (F,) kasabr

kasabrzs

The diréetion of (F) is always perpendicular to both (B) and (/) '

Q19)1In the figure shown , determine the direction of thesmagnetic force on the wire

1 2 3 4 » 5
x x Bx x % %_ l- [ J
i x x x % R% R |
< x x X X & J N| L
%
x x X X b %_ .

Q20) A straight wire of length (0.5m) carries a/current of (2 4) placed in a uniform
kasabrs
magnetic field of magnitude (2x1077),, as shown in the figure : ==~ j

1) Calculate the ﬁigbénitude of the magnetic force on the >
wire and determine its direction 3, st —
>B
kasabrs
2) How can we place the wire in the field in such a way >
that there is no, magnetic'force act on it ? - i¥

kasabrs

Q21) A straight wire of length (40cm)and carrying a current of magnitude)(6.0 4) is placed
in a uniform magnetic field (0.87) as shown in the figure ,

kasabrs

if the magnetic force on the wire is (0 96 N ) ¢ ;
1) Determine the direction of the magnetic force »
acting on the wire . =~ e .
2) Calculate the angle (9) between the wire and the
magnetic field's direction . .- >

kasabre kasabrs

kasabrz

v

3) If the wire's position is modified to make the magnetic force
acting on it as large as possible and in the direction into the page : B
a) Draw the new position of the wire inside the field . -

b) Calculate the maximum magnetic of the force on the wire .

v

v

kasabrs

v
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Q22) A stralght w1re of length (30cm) and carrylng a current of magnltude (2 OA) | | J—

aaaaa

aaaaa

, Calculate the magnltude of the magnetic force on the wire .

Q23) A straight wire with a constantiedrrent running through it in Earth's magnetic field
, at a location where the magnitude‘is (0.43G) . What is the minimum current that must

flow thr(k)aslafﬁh the wire for,a (10cm) length of it to experienckesa; force of (1.0N) . ws

Q24) A Loudspeaker consist ofia voice coil with a diameter of (2.5¢m) and a(100) turns and
carrying a current (I"0mA)is'placed in a magnetlc field (1.57 )perpendicular to its c011 calculate

aaaaa

the magnetic force exerted by the magnetic ﬁeld on the loudspeaker's voice coil .

Q25) A(12V)sbattery i is connected to a(3.0Q) resistor in st P e [x_’i )

a rigid rectangular loop 'of wire . As shown in the figure, >

a length (4=10m) of wire at the end of the loop extends SRR TR I e

intos:a magnetic field of magnitude (5.07), directed into R § Kasabre oo Y

the page. What is the net force on the loop? x oxoox o Ix
kasabrs

7

kasabrs

Q26) As shown in the figure, a straight conductor can
slide without friction on top of two horlzontal conducting
rails and a distance of (0 2m) apart, in a vertical magnetic

aaaaa

field of (1.07). A (20 4) current is maintained through the L
conductor. kasabrz

If a string is connected exactly at the center of the L
conductor and passes over a frlctlonless pulley, what % asabre [Tm

aaaaa

kasahrs

to be at rest and determine the.curtent's direction in the conductor ?

Q27) Choose the correct answer' imthe following ... g
1) In the figure , the wired(X, y)isdree to move, in which direction B
you will expect the wire t6 move when a current pass through

it from (x) to (y) : . . .
a) To the rightq, b) To the left c¢) upward d) downward s
2) What is the unit*that is equivalent to (4.m.7) iz .
a) Volt === byJoule . c) Ampere d) Newton p
3) What unit is equivalent to (Kg.4™".57)
a) Tesla b) Joule kasabrs c) Newton asebre d) Volt

4) A wire in the plane of page carries a current towards the east and'perpendicular to the
Earth's magnetic field, what is the direction of the magneticsforceion the wire . -

a) into the page =« b) out of the page c) North kasabre d) South

5) A w1re with an electrlc current is placed in four dlfferent positions 1n a unlform

be the maximum . kasbr
B B B B
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6) In the figure shown, what is the dixection of the magnetic :
field that causes the maximum magnétic force
a) positive y-direction

1

b) negative x-direction . >
. . . kasahrs

c) negative y-direction /

d) positive x-direction s = TR

7) A wire 1s carrymg a current in the pos1t1ve y-dlrectlon as shown in the figure the wire

aaaaa

aaaaa

kasabrs

a) negative ysdireetion
b) positive X-direction
c) positive z-direction
d) negative z-direction
8) In/the ﬁgukla%mshown , what is the direction of the magnetic force on the wire ?
a) pesitive x-direction

kasabrs

b) negative x-direction
kasabrs

c) positive z-direction

kasabrs

kasabrs

d) negative z-direction
9) A straight wire of length (2.0m) carries aseurrent of (24 4). It is placed on a horizontal
tabletop in a uniform horizontal mz;agsarblmetic field> The wire makes an angle of (30°) with the
magnetic field lines . If the magnitude of the'force on the wire is (0.5~N) what is the -

magnitude of the magnetic field? kasars
a) 2.1x107° 7T asane b) 4.2x108.T ¢) 1LIx107T d) 3.2x10°T

10) A straight wire of length'(L0cm) carries a current of (3.414) is placed horizontally‘and
makes an angle of (1 0%) Wlth positive x-direction , if a magnetic field of (0.22 ) in positive

y-direction acting on the w1re What is the magnitude and the direction of that magnetlc force®?
a) 1.30x102 N (+z) B) MB0x102 N (-z) C) 7.39x107 N (+z2) d) 7.39 4108 Nwtz)

Torque on a.Current-Carrying Loop T (7-5) i
T =iABsin0

kasabrs

A : Area of the loop

unitof 7 : N.m

kasabrz

0 : angle between B and unit vector # (normal to the plane of loop)

* In case of coil with several ( N ) turns : kasabr:

st 7 = NiABsin @
- Direction of 7 : Right hand rule (2)
Fingers bend with current . s kasabre

The thumb with 7 as shown in the figure .
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(B) is parallel to the planza Bf loop : (0 290° between B and 7))  Tipax = iAB

l n A kasabrs

— > B > B
(O ——)

»
»

(B) is normal to the plane of loop® (0 =0 0r180° between B and #) Ty, =0

®© ;. ©®© ®._ B T T
- kasabrs
® ®n @B ®

® ® ® ‘ln

v

aaaaaaaaaa

kasabrs

1 2 kasabrs 3 kasabrs 4 5
i Lo P =N §
D x X 0 s =_’
B ) ) 40 3
: l

v
x
X
X
X

Q29) A rectangular coil with (20) Wlndlngs carry a‘eurrent of (2.0m4) flowing in the =~
counterclockwise direction . It has two sides/that are parallel to the y-axis and have length
(8.0cm) and two sides that are parallel,fo the x-axis and have length (6.0cm). A uniform
magnetic field of (50 uT)acts in thekﬁﬁsitive x-direction . Calculate the lkislalamgnitude of the

aaaaa

torque must be applied to the loop:to hold it steady ? kasabrs

Q30) Twenty loops of wire are gightly wound around pencil that has a diameter of (6.0%in)
. The pencil is then placed in"a, uniform (5.07) magnetic ﬁeld,k;asbrsshown in the figuresif a
(3.04) current is preseént,in«the coil of wire .

What is the magnitudé¢ of the torqué on the pencil ?

aaaaaaaaaa

(100 mA) It is free to rotate in a region with a constant horizontal magnetic field glven by
B=(0.017) %. If the unit normal vector to the plane ‘of the coildmakKes an angle of (30°) with

the horizontal : asabre
1) Calculate the magnitude of the torque acting onghe,coils?

kasabrzs

2) If the radius of the loop is decreased to (5.0cm), ,

what should the number of turns be for the torque to  ......
remain unchanged , assume that(i , B, 9) stay the same .

kasabrs
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Q32) A coil of wire consisting of (40) loops with width (16cm) and height y
(30cm) is placed in a constant magneticfield givaéafi by [E = 0.065fc+0.252]

16.0 cm
asabrs —

and a current of (0.2A) runs throughsthe wire :
1) Calculate the magnitude ofsthe torque on the coil .

kasabrs

kasakrs

2) Calculate the magnitudejof the force on the segment (ab) of the coil .

kasabrs

Q33) Choose the correct answer in the following :
1) A coiliis composed of circular loops of radius(5.13cm) and has (47) windings . A current

kasabrg

(1.27.4)*flows through the coil , the coil is placed in a magnetic field of magnitude (0.9117)

What'is the maximum torque on the coil due to the magnetic field?

a) 0.148 N.m

b6Y0:211 N.m

¢) 0.350 N.m kasabre kasabre

d) 0.450 N.m

2) The top view of a current loop in a constant magnetic field as shown
in the figure , the torque on the loop will cause it to rotate : eser

kasabrs

a) ClOClese kasabrs }D
b) counterclockwise »

B )
c) not rotate e

d) not at all

cOmsha 4 (T =7) Gt 5 (T — Oyt

Appli€ations’of the magnetic force acting on the wire

The Electric motor casabre

A device that conyests.electrical energy into kinetic, such as a washing machine, fanw,.........
The components :

1) A coil kesare

2) A magnet

3) A commutator

The commutator consists of a split ring .
The function of the commutator is to reverse the direction of
the current in the loop every half periodic time until the rotation
continues in the same direction . .

(The direction of current changes two times for everyfonewotation of the loop)

Working principle : ks

The two ends of the coil perpendicular to the ficld are,affected by two forces of equal
magnitude and opposite directions forming a torquéthat rotate the coil around an axis . “*"

kasahrs

kasabrs




