Problem 1 GPN2-L08
A proton traveling at 23° with respect to the direction of a magnetic field of
strength 2.60 mT experiences a magnetic force of 6.5 x 1077 N. Calculate (a) the

proton’s speed and (b) its kinetic energy in electron-volts. (02/]\8)

(a)the speed= (m/s)

01: ANS:=4E5

(b)the kinetic energy= (eV)
02: ANS:=835
F=id0% B
F 6.5x 1071'N
v b =4 x 10°m/s

~ eBsing (1.6 x 1071°C)(2.6 x 107°T)sin23°

K = ;mv® = (1.67 x 107%"kg)(4 x 10°m/s)® = 1.34 x 1071°J

1.34 %107 1%
X = — 835eV
1.6 x 10T eV




Problem 1

An electron moves through a uniform magnetic field givenby B = B,i+ 3B.j . Ata
particular instant, the electron as velocity v = (2i + 4j) m/s and the magnetic force

acting on it is 6.4 x 10"’k N . Find B,. (01/)\E8)

Sy

T ]

03: ANS:=-2

B = v, U .
F=qixB=gq o = Q(vay UyB;c)k = Q(Um(gBa:) — UyBa:)k
B; B,

B, =3B, gi3u, —u, )b, = F,
F = F.k B, = %

q(3v, — 'Uy)
F.—64x 10 YN

6.4 x 107N

(—1.6 x 107°C)[3(2m/s) — 4m/s]
= ol



Problem 2
An electron has an 1nitial velocity of 12j + 15k km/s and a constant acceleration of

2 x 10?7 m/s? in a region in which uniform electric and magnetic fields are present. If
B = 400 uT, find the electric field E. (03/)\E8)

E=E,i+ E,j+ E.k V/m.

E,.=
04: ANS:=-11.4 - _ : :
5 We apply F=q(E+VxB)=mJd to solve for E:
y= |
05:ANS:=6 g _Md, g
E.= 1
(911x107"kg)(2.00x 10" mys* )i
06: ANS:=4.8 '

- _160x10°°C +(4004T )1 % [{ 12.0kmys)j+(1 E.E}kny's}k]

=(-11.41-6.00;+ 480k ) V/m.



Problem 3

A metal strip 6.50 cm long, 0.850 cm wide, and 0.760 mm thick
moves with constant velocity ¥ through a uniform magnetic field

B = 1.2 mT directed perpendicular to the strip. as shown 1n the |
figure. A potential difference of 3.9 uV 1s measured between points x

and y across the strip. Calculate the speed v. (01/)\Z8)

the speed v= (m/s)

0/: ANS:=0.382

(Vo Wlide, (0 —¥5) 3.9 x 10°°V

E
= = — =1
B B Bd,, (1.2 x 10737")(0.85 x 10~>m)

= 0.382m/s

< B



Problem 4

An electron of kinetic energy 1.20 keV circles in a plane perpendicular to a uniform
magnetic field. The orbit radius 1s 25.0 cm. Find (a) the electron’s speed, (b) the magnetic

field magnitude, (c) the circling frequency, and (d) the period of the motion. (04/)\&2)

(a)the electron’s speedv = (m/s)
08: ANS:=2.05E7

(b)the magnetic field magnitudeB =

(M)

09: ANS:=4.67E-4

K= 1.*?:‘,1.':

4

(c)the circling frequencyf = |
10: ANS:=1.31E7

=mv/ gB
(d)the period of the motionI’ [T e

11: ANS:=7.63E-8

].‘

BK _ |2(120x10°V)(160x10™ /)

= | —

Vm, 011x10 ke

gomy _ (911x10 " kg)(2.05%10" m/s)
gr  (1L60x107°C)(250% 107 m)
- 2.07%10" m/ .

- = 20 W 131x107 Hz.
2nr  2m{25.0x 107 m)
== (IR ST wats.

=2.05x10" m/s.

—467x107* T,




Problem 5

(a) Find the frequency of revolution of an electron with an energy of 100 ¢V in a uniform
magnetic field of magnitude 35 pT. (b) Calculate the radius of the path of this electron 1f

its velocity is perpendicular to the magnetic field. (02/)\E8)

(a)the frequency, f = (Hz2)
: - (350x107°T)(L60x 1077 C) -
12: ANS:=9.78E5 f:ng _ j 911.{1{}‘31 ) omsxi0°Hz
(b)the radius, r = (m) R AMIELX g)
13: ANS:=0.964 my  2mK w"':{@:r.ux 107 kg)(100eV)(L60x 107 I/eV)
poso e N & : - : =0.964m .
qB gB (L60x107 C)(350x107°T)
Problem 6

An electron follows a helical path in a uniform magnetic field of magnitude 0.300 T. The
pitch of the path 1s 6.00 um, and the magnitude of the magnetic force on the electron is

2.00 x 10~ N. What is the electron's speed? (01/)\E8)

speed v= m/s

14: ANS:=6.53E4



Problem 7

A certain commercial mass spectrometer 1s used to separate
uranium ions of mass 3.92 x 10~2° kg and charge

3.20 x 10~ C from related species. The ions are e st i
accelerated through a potential difference of 100 kV and i Bkl
then pass into a uniform magnetic field, where they are bent
in a path of radius 1.00 m. After traveling through 180° and ‘ ‘ ’
passing through a slit of width 1.00 mm and height 1.00 cm, T 7"
they are collected in a cup. (a) What 1s the magnitude of the 5]
(perpendicular) magnetic field in the separator? If the
machine 1s used to separate out 100 mg of material per hour, calculate (b) the current of

the desired 10ns in the machine and (¢) the thermal energy produced in the cup in 1.00 h.

(03/\Z8)

Detesctin
- .

B
Log X{0

- WXEJ)L '%{,oo L .I(L'-.
(a)magnetic field, |B|= i d) (= - - - =X LA
5. 92%i
. - :‘ R IA I'l:: Q-I-v z -2 N B '
15: ANS:=0.495 K: Tmy = réd\ 5’ ¢) E = R AT :,{z,z.?—mb ) (1oox0s )(_‘35*’5")
b)the current, i= A A &
( ) XZ_ZT\J Y:—:%B-f — 'E."_J'Tv.aé' rj)
16: ANS:=0.0227 U =
2 _ 2w 2m (23 V
(c)thermal energy, Q= 3 A3 3k X N w

17: ANS:=8.17E6




Problem 8

A 13.0 g wire of length L. = 62 cm is suspended by a pair of
flexible leads 1n a uniform magnetic field of magnitude
0.440 T (The figure). What are the (a) magnitude and (b)
direction (left or right) of the current required to remove the

tension in the supporting leads? (02/)\iE8)

(a)the current= (A)
0.0130kg)(9.8m/s’
18: ANS:=0.467 IB=mg = i= mg _ (0013 £)(98m/s )=G.467A.
IB  (0.620m)(0.440T)
(b)the direction? ( lefti& 1, righti& 2)
19 ANS:=2 the right-hand rule reveals that the current must be from left to right,

Problem 9
A wire 50.0 cm long carries a 0.500 A current in the positive direction of an X axis

through a magnetic field B= 0.0037 + 0.01k T. In unit-vector notation, what is the
magnetic force on the wire? (03/)\E8)

F=FitEj+Ek F=___N F=___ N
b= ’ 21: ANS:=-2.5E-3
20: ANS:=0

22: ANS:=0.75E-3



Problem 10

The figure shows a wood cylinder of mass m = 0.25 kg and
length L = 0.1 m , with V = 10 turns of wire wrapped around it
longitudinally, so that the plane of the wire coil contains the long
central axis of the cylinder. The cylinder 1s released on a plane
inclined at an angle 6 to the horizontal, with the plane of the coil
parallel to the incline plane. If there 1s a vertical uniform
magnetic field of magnitude 0.500 T, what 1s the least current 2
through the coil that keeps the cylinder from rolling down the

plane? (01/)\E8)

BIFERG R VRS I RE » G RN RZE » —(EERR B RIS T AT
LTI & T R0 > FTAE R E JIRRHEA R RS L) - (HEeEa /IS BT E/AS
FE B AT BRI EAENES TR JJFERYERR - BRI 8 & IMa I EEV S Bl > EJI(E
T ELRHE T R 7 7 SR R IR =) ) B AHIKER A S R > BB UGS RHEAE NRY I
JREL R E ERVRE EEE AR - A Re(EfS a1 /R0 - RILEMTAI UE F FErAE

mgsmf— f=ma a=0and a=0.

= (0250kg)(98 my/s” )
_ mgr = UB. =t = _ = G
fr—uBsn@ = I ZNLEB 2{10.0)(0.100m)(0500T)
pt= Nid = Ni(2rL).
mgr = NirlLB

2454



Problem 11

A circular coil of 160 turns has a radius of 1.90 cm. (a) Calculate the current that results
in a magnetic dipole moment of magnitude 2.3 A - m? . (b) Find the maximum
magnitude of the torque that the coil, carrying this current, can experience in a uniform

35.0 mT magnetic field. (02/)\E8)

(a)the current=_____ (A) =N

K 230A-m’ g

X Yo 2 = — = = . i
24: ANS:=12.7 A=m, Nmr? - (160)(m)(0.0190m)’

(b)the torque= (N -m)

>5- ANS:=8.05E-2 Ty =HB=(2.30A-m")(35.0x107 T)=8.05x10~ N -m.

o - )
Problem 12 L

Two concentric, circular wire loops, of radi1 7; = 20em and // O \\\i
ro = 30cm , are located in an Xy plane; each carries a clockwise fe.., 7 KN \
current of 7.00 A (the figure). (a) Find the magnitude of the net *\ \% |
magnetic dipole moment of the system. (b) Repeat for reversed \ \ ﬁ/ Vi )
current in the inner loop. (02/]\E8) \\ s A /
(a)p=_ A-m’ r

=i d =+, =n(7.00A)| (0.200m)’ +(t].3t]t]111}:J=2.36;—1-111:.
26: ANS:=2.86 o -

2

(b)p=____ A-m? p=Tr 1, —107E = (7.00A) |_{ [J.E.'D{lm): —(0.200m) —|=1 10A-m?.
27: ANS:=1.10 i i



Problem 13

The coil in the figure carries current ¢ = 24 in the direction
indicated, is parallel to an xz plane, has 3.00 turns and an area of
4 x 107° m? , and lies in a uniform magnetic field g
B = (2i — 3j + 4k) mT. What are (a) the magnetic potential

energy of the coil-magnetic field system and (b) the magnetic z/ i
torque (in unit-vector notation) on the coil? (04/)\z8)
(a) the magnetic potential energy = J
28: ANS:=-7.2E-5
(b)7 = Ai + Bj + Ck(N \times m)
A=
29: ANS:=9.6E-5  ;; — (Nid)(—]) =—(0.0240 A-m?);.
B=
30: ANS:=0 U=—fi-B=—(—0.0240 A-m”)(-3.00x107° T)=-7.20x10" 7T .
(= J :x:j = {,
31: ANS:=4.8E-5
T = uxB=(-0.0240j) X (2.00 X 107 i) + (~0.0240;) X (—4.00 x 107 k)

=(4.80x 10k +9.60x 107 1) N-m.



