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Problems Unit VI - MAGNETIC FORCES &FIELDS 

1. 	 Four particles follow the paths shown at 'JB~the right as they travel throJgh a mag · . ... 
netic field. If the particles have iden · 1· •. .tical speeds, 	 . 
a~ 	 what can you conclude about the charge • 


of each particle if their masses are • 

the same? 


b. 	 what can you conclude about the mass' 

of particles 1, 2, and 4 if the mag

nitude of each particle's charge is 

the same? 


....... MlIlneri.; /'
2. 	 The earth is under continual bom
" axis /' ./bardment by energetic charged 

'. I /'particles. The magnetic field ~ ~ /of the earth shields us from most ..... --- \' /.,..
of these particles by deflecting .......... I / .,...- 

" \ I North geogra~hi'" '\them back out into space. ", 	\ ,///--" \ 
a. Will the particles be more 	 ......... --...., IJ/ ' • 


/' ...... ". -'" ..strongly defl ected if they //' /'-::: . ~ : J 
approach the earth along its / I / ' II 

114 	 //j'polar axis or along the mag
netic equator? 	 + .. \;. ,,-. ,/ /

\ "-~Ar./._,~_-_,,/b. 	 It!e intensHy of the bombard \ South aeographic ; \' Magneticing 	 particles has been found '- ,,/ I I \ ',eQuator
to be the gre~test from the --- / . .....,. ~, I 1. - west. What then, must be the 	 / I \
sign of the charge of'the ma /' I ,

/ 	 ,
jority of the particles that .,... /' I MIIMUC ....... 
approach the earth. Explain :1~-=-.. 
your answer. 

3. 	 The uniform magnetic field of a laboratory magnet has a magnitude of 
1.5 T and a horizontal, northward direction. Find the magnitude and 
direction of the magnetic force on an electron moving with a speed of 
3 x 	107 mls at the instant the electron is moving: 
a. 	 South (zero) c. Vertically up (7.2 pN, east) 
b. 	 West (7.2 pN, up) d. In a horizontal plane 530 N of E. 

(4.3 pN, down) 

4. 	 At the equator, near the surface of the earth, the magnetic field is 
approximately 50 ~T northward, and the electric field due to an excess 
(-) charge on the earth is about 100 N/C. Find the magnitude and 
direction of the gravitational, electric, and magnetic forces on a 
100 eV electron moving eastward in this environment. 
(9 x 1,0-30 N, down; 1.6 x 10-17 	N, up; 4.8 x 10-17 Nt down) 
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Problems Unit VI - MA~NETIC FORCES &FIELDS 

5. 	 An a-particle is a particle having twice the charge of a proton and 
approximately four times its mass. Suppose an a-particle moves with 
constant speed in a horizontal circle through a uniform 1.2 T magnetic 
field. As viewed from above, the particle moves clockwise in a circle 
with a 4.5 cm radius. Find 
a. its speed. (2.6 x 106 m/s)
b. 	 its period of revolution. Recall that one expression for ac is 

a = 2rrv/T . (0. 1 us) 
c. 	 i!s kinetic energy in units of eV. (142 keY)
d. 	 the difference in potential through which it would have to be 


accelerated to achieve its energy. (72 kV) 

e. 	 the direction of the magnetic field. (out of the page) 

6. 	 An electron moving with a constant horizontal 
velocity enters a region of uniform electric 
field of 2 x 103 N/C directed upward between 

two parallel plates. 

a. 	 If the E-field is in the direction stated, 


what must be the sign of the charge on each plate?

b. 	 What 1s the magnitude and direction of the force on the electron 

due to the !-field? (0.32 fN, down) 
c. 	 What is the shape of the electron's path as it moves through the 

t-fie1d? Hint: Is its acceleration uniform' 
d. 	 Suppose we set up a magne~ic fi~ld in the region between the plates 

so that we now have both t and! fields in the region through which 
the electron travels. We also find that if the magnitude of the 
~-fie1d is O.l T, the electron passes between the plates undef1ected. 
What must be the direction of the '-fie1d for this to occur? 
(out of the page) 

e. 	 Under the conditions stated in (d), what 1s the speed of. the electron? 
(10 km/s) 

7. 	 A velocity selector consists of electric and magnetic fields described 
by t a Ek and! • BJ. If B • 0.015 T, find the value of E such that 
a 750 eV electron moving away from the origin along the x axis will 
trav~~th ~~nstant velocity. (0.24 MV/m) 

8. 	 A proton (p+) and an a-particle, each 
traveling with the same velocity, move 
from region I where there is no magnetic
field into region II where there is a 
magneti c fi el d. 
a. 	 What must be the characteristics of 


the !-fie1d in region II if the paths 

of the p+ and a-particle are to be 

circular? (uniform and into page)


b. 	 What is the ratio of the radius of the proton's path to the radius 

Region I r· 0 

Region II 
.... 
B ~ 0 

2 

of the a-partic1e's path? (l :2) 
c. 	 If the radius of path 2 is 10 cm and the speed of the particles is· 

105 mIs, what is the magnitude of the magnetic field in region II? 
(0.02 T) 
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Problems Unit VI - MAGNETIC FORCES &FIELDS 

9. 	 The diagram at the right shows a slightly 

di fferent form of mass spectrometer. In 

this one an ion of mass m and charge +q 

is produced essentially at rest within 

so~rce S. The ion is accelerated th~ough 


a difference in potential 6V and enters 

through aperture A into a regiQn contain
 ;/~A--..a:s::b:;ca::s:::rc:t:I::x::C:Jc..J 
ing magnetic field!. In the B-field it -£-~V ~L~,-----x-----'''~I
moves with constant speed in a circular 

path, striking the photographic film at a 
--CC$Jdistance x from the aperture. Show that 
the 	mass of the ion is given by 

_ ~ 2 
m -	 86V x • 

10. 	Two types of singly charged ions having charge +q and masses differing 
by a small amount 6m are introduced into the mass spectrometer described 
in problem 9. 

a. 	 Show that the difference in mass between the two ions is given by 

6m 	 • BJ~V 6X. 

where m is the mass of either ion and 6X is. the distance between 
the spots made by elch ion on the photographic plate. 

b. 	 Calculate 6X for a beam of singly iorifzea'chlorfne atoms having 

masses of 35 and 37 proton masses if 6V • 7.3 kV and B • 0.5 T. 

(16 	 mm) ~ 

11. A rigid rectangular loop of wire hlngs with its 
lower end between the poles of a magnet as shown 
in the sketch at the right. The magnetic field 
is directed perpendicular to the plane of the 
loop and into the page. The loop is suspended 
from an equal ann balance and a pan having the 
same mass as the loop hangs from the other end. 
The lower end of the loop is 5 em wide. 
a. 	 If the equal ann balance is to be "balanced" 

by placing various numbers of teensy tiny but very testy toads (aka: T4) 
on the pan when there is a current in the loop, what must be the 
direction of this current? (clockwise)

b. 	 If the current is 4 A, it is found that 0.1 kg of T4s are necessary 
to balance the balance. What is the magnitude of the magnetiC field? 
(5 T) 

, . . \ . 
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Problems Unit VI - MAGNETIC FORCES &FIELDS 

12. 	 A conducting rod having a mass of 0.1 kg 
slides without friction on two conducting
rails 50 cm apart and inclined at an angle
of 100 with the horizontal. 'A uniform 0.1 
tes1a magnetic field acts vertically upward.
A battery attached to the rails causes a 
current to flow up one rail through the 
rod to the other rail and back to the battery. What must be the current 
and its direction of flow in the rod that will cause the rod to slide 
up the incline at constant velocity? (3.5 A. right to left rail) 

13. 	 What must be the direction of a magnetic field if it is 
zto cause the loop shown at the right to rotate counter

clockwise as viewed along the z axis from above if I is 
conventional current? ···if I ;s electron current? I ,y(+j.-3) 

14. A circular coil 2 em in diameter contains 300 turns of 
wire. Find: 
a. 	 the maximum torque on this coil when it carries a 


current of 10 mA while in a magnetic field of 0.5 G. 

(47 nN m)


b. 	 the angle between the perpendicular to the plane containing the 
coil and the magnetic field when the torque 1s a maximum • 
. .• when the torque 1 s a mi nimum. (9oo. 00 ) 

15. 	An N-turn circular coil of radius R is suspended in a uniform magnetic
field! that is directed vertically downward. Tbe coil can rotate 
about a horizontal axis through its center. Amass m hangs by a string
from the bottom of the coil. When a current I is put through the coil 
it eventually as~umes an equilibrium position. in which the perpendicu
lar to the plane of the coil makes an angle a relative to the direction 
of!. Find a and draw a sketch of the'coil in its equilibrium position. 
let B = 0.5 T,' ~ • 10 em. N • 10, m = 0.5 kg, and I • 1 A. (a =: 720 ) . 

16. 	 In the Bohr model of the hydrogen atom, the electron moves in a circle 
about the proton. with the Coulomb force being the centripetal force. 
In its lowest orbit the radius of the electron's path is 52.9 pm 
a. 	 Find the equivalent current the moving electron generates. (1 mA)4
b. 	 Find the magnetic dipole moment of this current loop. (8.8 x 10-2 

A.m2) 	 . . 
If the earth's magnetic field at the equator is 0.5 G directed horizon
tally northward, find the torque on a hydrogen atom if the magnetic 
dipole moment vector of the atom is directed 

c. 	 due west. (4.4 x 10.28 Nm, down toward center of earth)
d. 	 due south .. (zero) 
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E-36 FORCES ON CURRENTS, Part Time 

When electric charges move in the vici'nity of one another they experience forces 
other than the usual electrostatic attraction or repulsion. If the charges flow 
in the same or in opposite directions in parallel wires, the wires feel a force 
of attraction or repulsion depending on the direction of the 'currents. 
The purpose of this experiment is to determine experimentally how the magnitude 
of this force varies with A) the MAGNITuDE OF THE CURRENT ln each wire. Bl the 
DISTANCE between the wires, and C) the LENGTH of one of the wires that is in the 
maqnetic field of the other wire. In addition the dependence of the magnetic 
fieid around a long straight wire on the DISTANCE from the wire and the current 
flowing in the wire will be detemined. 
Due to time and equipment limitations you are required to actually perform only 
one of the four parts of this experiment. When you have finished you should be 
prepared, if called upon, to report on your procedure and results to the rest nf 
the class. 

General Instructions 

In three of the four parts of this experiment a device called a r.lJrrent balance 
is used. This instrument is extremely sensitive. If you are to finish your 
part of the experiment in the class time alloted, you must know exactly what 
you are to do BEFORE beginning and proceed with great care. If the apparatus 
is bumped slightly, it could mean that you have to start over again from scratch. 
No matter which part of the experiment you are assigne~ to do, prepare by com
pleting the following before you begin your part of the experiment: 

Go to the first lab station, follow the instructions on the sheet pro
vided at the lab statiori and answer the following questions: 
Q-l 	 What must the direction of the magnetic field of the magnet be to 

have the biggest effect on the balance coil? 

Q-2 What determines the direction in which the balance coil swings? 

Q-3 Do currents flowing in the same direction attract or repel one 
another? 

. Now you are ready to begin your assigned part of the experiment. 
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E-36 FORCES O~ CURRENTS 

Definitio.ns of Variables 
If = The CURRENT in the FIXED (non-moving) coil. 
Ib = The CURRENT in the BALANCE (movable) coil. 
d =' The DISTANCE between the wi res of the fixed coil and the ba 1ance coil. 
j = The LENGTH of the fixed wire carrying If' 
F = The FORCE exerted by the fixed coil on the balance coil. 

sur,1MARY 

This experiment consisted of four parts, of which you were required to do only 
one. Someone in each class will report their procedure and conclusions on the 
other three parts that you did not do. Summarize your and their conclusions 
to each 	part by answering the folldwing: 

Part A How does the Force between the fixed and balance coils depend on the 
CURRENTS If and Ib1 

Fct ______ 

Part B 	How does the FORCE vary with the DISTANCE. d. between the fixed and balance 
co11 s1 

Fc:x. 

Part C 	 How does the FORCE between the fixed and balance coil depend on the 
LENGTH.l, of the balance coil wire in the magnetic field created by the 
current in the fixed coil? 

Fez 

Summarize the conclusions from Parts A, B, and C by writing a single relation, 
in propo:tion fonn, that rel ates the FORCE, F, to If' lb' d and 1. 

Fat 

The above proportionality can be made into an equality by introducing a constant 
of proportionality, k. Write the equation in the space below. 

F = __________ 

If If and Ib are in unit units of amperes, and d and 1 are in units of meters, then 
k = 2 x 10-7 Newtons/{Ampere)~ 

812 -rev 
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E-36 FORCES UN CuRRENTS 

SUMMARY 	 (cont.) 
In Part 0 of the experiment the dependence of the MAGNETIC FIELD of along,
straight wire on the perpendicular DISTANCE from the wire, d, and the CURRENT 
in the wire, I, was determined. 

Part D 	 How does the MAGNETIC FIELD, B, around a long, straight wire carrying 
a constant current, I, vary with the perpendicular DISTANCE from the 
wire, d? 

How does tne MAGNETIC FIELD, S, around a long, straight wire vary with 
tne CURRENT in the wire, I? 

Summarize the conslusions of Part D oy writing a single relation, in proportion 
form, that relates the MAGNETIC FIELD, S, to the CURRENT, I, and the DISTANCE, d. 

Ba 

Write the proportionality above as an equality using k as the constant of pro
portionality. 

S = 
If B is in units of Newtons! (Ampere)'(Meter), I in amperes and d in meters, then 
k has the same value as in Parts A, S, and C, namely: Z x 10-7 Newtons/(Ampere)2. 

80l-rev 
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E-36 Part A - HOW THE FORCE DEPENDS ON THE CURRENT IN THE WIRES 

By keeping a constant separation between the fixed and balance coils. you can 
investigate the effects of varying the current in either coil on the force on 
the balance coil. Set the balance on the frame so that. as you look down at 
them the .fixed coil and the balance coil are parallel and are about 1.0 cm 
apart. Check to be sure they are in the same horizontal plane. 
Adjust the counterbalance weight on the pointer so that the pOinter is 
approximately level. Now adjust the reference marker o~ the ring stand so 
that the balance pOinter is about at its center. Remember where the pointer 
is pointing because you will be adding weights to the pointer to bring the 
pOinter back to this position. 
Turn on the power supply. Set the current in the balance coil, Ib, to 
about 4 amps, DO NOT CHANGE THIS CURRENT THROUGHOUT THE EXPERIMENT. Adjust
the current in the fixed coil to 1.0 amp. Measure the force (in units of cm. 
of wire) required to bring the balance pointer back to its reference mark. 
Add the wire weights to the notch on the balance pOinter as shown in Figure 
14-8 page 149 of your text. Measure the force required for values of If 
equal to 2, 3, 4 and 5 amps. Record your data in the table below. 

If (amps) F (cm of wire) 

1 

2 

3 

4 

5 

Plot a graph of your data of the FORCE versus If' 

Answer the following question: 

Q-4 What is the relationship between the current in the fixed coil and the 


force on the balance coil? 
F ct _____ 

Q-5 	 How would you expect the values of F to change if If were held constant 
at 4 amps and Ib varied between 1 and 5 amps? 

FCX 
Write an expression which summarizes your conclusion about the r~lationship 
between F, If and Ib, 

Fex. 
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E-36 Part A - HOW THE FORCE DEPENDS ON THE CURRENT IN THE WIRES 
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E-36 ?aC"t B - HOW THE FORCE VARIES WITH THE DISTANCE 
BETWEEN THE WIRES 

In thIS paC"t of the expeC"iment Ib and I£ aC"e kept constant ana the 
foC"ce F Is.measuC"ea (1n unIts of cm of Q1C"e) as a funct10n of the 
aistance a cetween the fixea Call and the balance coil WlC"es. 
To measuC"e the distance cetween the two wiC"es, you have to loOk 
veC"tical Iy down on them. To aid in getting them paC"al leI, notice that 
two pIeces of cm tape have been placed on the sheff below the baiance 
ioop. 

With the power supply off. adjust the counter-balance on the balance coil so that 
the pointer is approximately horizontal. Adjust the reference marker on the rjng 
stand so that the balance pointer is pointing at its center. Remember where the 
pointer is pointing on the reference marker because you will be adding weights onto 
the pointer to bring it back to this position. Adjust d to 1 cm and set I to 4.5 
amperes. Add the wire weights to the notch on the pointer to brinq the p6inter back 
to its reference level. Turn off the current and remove the wire weights. The 
number of cm of wire required to return the pointer to its reference position ;s 
proportional to the magnetic force of repulsion between the fixed and balance coils 
so we will measure this force in cm of wire. Keeping I and I constant at 4.5 amps, 
measure the force for fixed coil/balnce col1 distancesfof 1.5~ 2.0, 2.5, 3.0, and 
3.5 cm. Record your data in the table below. 

g (em) FCem of wire> ltd (item) 

1.0 

1.5 


2.0 


2.5 


3.0 


3.5 


On the graph paper provided graph F versus d. 

Q-4 Is F proportional to d? 

956.0 
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E-36 Par-t B 

Notlce in your- table that as d incr-eases, F decr-eases. This ln~~cates 
tha~ F 1S poss1bly some 1nver-se funct10n of d. Per-haps l/d, l/d , or
l/d. If F wer-e gr-aphed ver-sus the pr-oper- function of d, the gr-aph 
would be a str-a1ght line 1ndicating thatF 1S dlr-ectly pr-opor-tlonal to 
that funct.ion. In the table, complete column of values of l/d. On 
the gr-aph paper- pr-ovioed plot F ver-sus l/d. 

0-5 	 What can you conclude fr-om your- gr-aph about the mathematical 

r-elationship between the for-ce between par-al lei wir-es and their

separ-ation?


F a. _____ 

Gr-aph of F vs d 

Gr-aph of F vs l/d 



E-36 Part C - How the Force Varies With the Length of One of the Wires 

By keeping If' Ib and the distance between the fixed and balance coils constant, 
you can investigate the effect of varying the length of one of the wires on the, 
magnitude of the force between the coils. Note that in the apparatus for Part C 
that the balance coil is merely a single length of wire. You are supplied with 
three other lengths of, this same wire, each bent so that the length of wire, Jl, 
that will be affected by the magnetic field due to If is different. By attaching 
each one of these into the balance circuit in turn and measuring the force, the 
dependence of the force on 1. can be determi ned. 
Set the balance coil so that it is 1.0 centimeter from the fixed coil when the 
balance coil pointer is roughly horizontal. Adjust If and Ib to be 5.0 Amps. 
Add lengths of the thin wire supplied to the balance pointer until the pointer 
returns to its original position. Record the force (in em. of wire) required to 
bring the Dointer back to its original position. 

Shut off the power supply, remove the thick wire from the balance coil and replace
it with another having a different Jl. Turn on the power and again determine the 
force required to bring the balance coil pointer back to its original position. 
Repeat this procedure using the other balance coil wires. Record your data in the 
table below. 

1. (em) Force (em of wire) 

Plot a graph of the force exerted on the balance coil versus the length of the 
balance coil wire that is affected by the magnetic field due to Ife That is,
plot F versdS .l. ' . 
What is the rela'tionship between the force F and the length 1.. of the ba1an'ce 
coil that is parallel to the fixed coil? 

F ex 
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E-36 Part C - HaN THE FORCE VARIES WITH THE LENGTH OF ONE OF THE WIRES 
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E-36 Part D THE MAGNETIC FIELD NEAR A LONG STRAIGHT WIRE 

The purpose of this part of Experimen~ 36 is for you to determine how the mag
netic field of a stra;gnt wire varies with the distance from the wire (Part I) 
and how ,t varies w1th the magnitud~ of tne current 1n the wire (Part II). 

The experimental set-up is shown in Figure 1. The long straight wire is position
ed so that it touches the edge of the table. The current in the wire ;s varied 
using the variable resistor with the magnitude of the current being read off the 
current meter. A line ;s drawn length-wise down the middle of a piece of paper. 
The paper is then placed on the table and one end of the line is placed against 
the vertical portion of the wire. A compass is used to orient the line along 
north-south. Unce this is accomplisheo, tne paper is then taped to tne table. 
Except for the straight, vertical section, all parts of the long wire should be 
as far from the paper as possible. 

Current 
~~ter 

~ ~North.south 
_. line--· 

F1 gure 1. 

aOl-rev 
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E-36 Part 0 THE MAGNETIC FlELD NEAR A LONG STRAIGHT WIRE 

Note in Figure 2 that due to the orientation of the paper the magnetic field of 
the wire. Bwire , is, perpendicular to the earth's magnetic field, Bearth. Since 
magnetic,field is a vector quantity we can find the total magnetic field anywhere 
along the north-south line on the paper by finding the vector sum of Bearth and 
Bwire • From the vector diagram in Figure 2 you can see that 

Bwire = bn9 
Bearth ~ 

B . Wlreor rearranging 

= Bearth tan 9Bwire 

Figure 2. 

and since the magnetic field of the earth, 
~ 

Bearth' is roughly constant we can say 
that the magnetic field of the wire, ~ire' is directly proportional to the tangent 
of the angle 9, where 9 is the angle of deflection of the compass needle. Thus a 
graph of tan 9 versus the distance from the wire,d, will look the same as a graph 
of B 1 versus d. Similarly, if the current, I, is varied and the corresponding w re 
values of 9 measured, a graph of tan 9 versus I will look the same as a graph of 
Bwire versus I. 

In this part of Experiment 36 you will make a graph of tan 9 versus d and a graph 
of tan 9 versus I and from them determine the mathematical dependence of the mag
netic field of the wire on the distance from the wire and the current in the wire. 

SOl-rev 
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E - 36 Part D - THE MAGNETIC FIELD NEAR A LONG STRAIGHT WIRE 

I. The Depenaence of Bwire on d. 

As demonstrated in class, measure the angle of deflection, Q, of the compass
needle at various distances from a wire carrying a constant current of 4.5 am
peres. Use the distances listed in Table I below. List your values of Q and 
tne tangents of the angles in the table. 

CAUTION: 	 Since a rather large current (4.5 amps) is be;nq usea, turn on tne 
power supply only long enough to take a compass reading. 

Table I. 

Distance from Q 	 tan Q lId 
wi re, d (cm.) (aeg rees) 	 (1/cm) 

5.0 

7.5 


10.0 


12.5 


15.0 


17.5 


20.0 


25.0 


II. The Dependence of Bwi re on the Current, I. 

Turn over the paper you used to measure the defleetion anqles in Part I and draw 
another line length-wise along it. Again orient the line north-south. As dem
onstrated in class, place the compass 5.0 centimeters from the wire and measure 
the angle of deflection, 0, of the compass needle for currents of 1, 2, 3~ 4, 
and 5 amperes. Record your values of 0 and the tangents of the angles in Table 
II. 
Table II 

current, 	 Q tan Q 
I, (amps) 	 (degrees) 

1 

2 


3 


4 


5 


956.0 
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E-36 Part D THE MAGNETIC FIELD NEAR A LONG STRAIGHT WIRE 

ANALYSIS 

I. ThA Dependence of Swire on d 

On the grid at the right, plot tan Q 
versus the distance from the wire, d. 

Q-1 	 Is the magnetic field due to the wire 
directly proportional to the distance 
from the wire? State how you can tell 
from your graph of tan Q versus d. 

, I , ! 

, ! , 

, , ' 

, l 

. I " 

i 1 ' 

1 ~ ; 

i ' 

Calculate the reciprocal of the distances lid, and enter them in Table I. 
Un the grid at the right, plot tan Q versus lid. 

Q-2 	 Is the magnetic fielo due to the wire 
proportional to lid? State how you 

I 
can teli from your graph of, tan Q 

versus 1/0. 
 ~ 

I 
I 

aOl-rev 
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E-36 Part D THE MAGNETIC FIELD NEAR A LONG STRAIGHT WIRE 

ANALYSIS (Cont.) 

II. The Deoendence if Bwire on I 

On the qrid at the ri~ht. plot tan 9 
versus the'current in the wire, I. 

0-3 Is the maanetic field due to the wire 
directly proportional to the current 

,in the wire? State how you can tel' 
from your graph of tan Q versus T. 

t i; j 

" ' ' 

956.0 



