I. Induced curré_n

A. A copper wire 'lé'op is placed in a uniform magnetic field as shown. Determine whether there
would be a1 curren thmugh the wire of the loop in each case below. Explain your answer in
terms of magp rces exerted on the charges in the wire of the loop,
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p ced in the magnetic field of a solenoid as shown.

. Determine whet
below. If so, giy
exerted on the ¢hi

Would be a current through the wire of the loop in each case
ction of the current. Explain in terms of magnetic forces
wire of the loop.

* The loop is sta
V:ed Fg=o 3|Tind =0

* The loop is rp_p‘vmg towardthe solenoid.

At 4"? o ;0\)’: ®?X|Q:ﬂﬁ P‘L bqﬁnr_r‘; ;
~ ’ ’ ;
IDOP J

- R 7

Fe s :EJN plarw b@_)',%,
* The loop is moving away from the
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2. For each case above in whlch there is an induced current, determine:
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* the direction of the magn_ezé'c' moment of the loop. (Hint: Find the direction of the
magnetic field at the center of the loop due to the induced current in the loop. The
magnetic moment i$ a vector that points in this same direction.)
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~* whether the loop is attra_céted toward or repelled from the solenoid. |
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* whether the force exerted on the loop tends to increase or to decrease the relative
motion of the loop and solenoid.
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C. In each of the diagrams below, the position of a loop is shown at two times, £, and ¢, + Az.
The loop starts from rest in each case and is displaced to the right in Case A and to the left in

Case B. On the diagrams indicate:

the direction of the induced current through the wire of the loop,
the magnetic moment of the loop,

* an area vector for each loop, —» clwose &X
the sign of the flux due to the external magnetic field (at both instants), and

the sign of the induced flux (at both instants).

Sarrg 08 Case B

Case i \?}Eo

Tind =0
Blnd =9

Side view Side view
attimez, at time #,
33 -
<0 T ind
-
Side view Side view
at time 7, + At at time £, + At

@B ind :E Emd

o

D. State whether you agree or disagree with each of the students below. If you agree, explain
why. If you disagree, cite a specific case for which the student’s statement does not give the

correct answer. (Hint: Consider cases A and B above.)

Student 1: “The magnetic field due to the loop always opposes the external magnetic

field.”
No, consider case B at Lot 4t
= R s
B oand B,,d arve tn The samé direchon

Student 2: “The flux due to the loop always has the opposite sign as the flux due to the
external magnetic field.”

No corstdar Case B at {t, +t AL i
J—— .f A
i& and :@Bmd are Loth negahve
Student 3:  “The flux due to the loop always opposes the change in the flux due to the

external magnetic field.” .
{

In (ose I-\J F/uy i lncrfq.fmg } nduced ‘ffuf- trie
tnduced flux

o dureast. In cace 8, flux | decreasing, s Fo

> Before continuing, check your answers to parts C and D with a tutorial instructor.
inc wease
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II. Lenz’ law . S
A. The diagram at ngh sh [:‘aﬁonary copper wire loop in a uniform
: of the field is decreasing with time.

_'w'ould be a current through the loop:

‘that there is a magnetic force exerted on
grietic field? Explain your reasoning.

v =

nd s to oppese change,
crease flux

| current through the wire loop in this case. Use the
fd the direction of the current through the wire of the

To understand the inter reci the ire loops and solenoids in section I, we can use

the idea that a force is exerted  particle moving in a magnetic field. Tn each of those

cases there was an induced curret hen t_Ii‘elfg_Was relative motion between the solenoid and the

wire loop. In other situations su one above, however, there is an induced current in the

wire loop even though there 8 né relative i totion between the wire loop and the solenoid, There

is a general rule called Lenz’ law!th can use in all cases to predict the direction of the

induced current.

B. Discuss the statement of Lenz’ law in your textbook with your partners. Make sure you
understand how it is related to the statement by the student with whom you agreed in part D
of section . S
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C. A wire loop

moves from a Yl |

region with no HNER RS X X X X X X
magnetic field ¥ x]x x x B, x = x|x B, x
into a region A 5 | X X x Bl P ox x|xpwx
with a uniform 4 X|x T x x x S xoxox[xT, x
magncticﬁeld XX X X X X X X XX X X
pointing into < W —> W

the page. =1, =1 + At

The loop is shown at two instants in time, ¢ = ¢, and r= ¢, + Az.

1. Is the magnetic flux through the loop due to the external field positive, negative, or zero;
asswnma Al B,

a. atr=t7? pos e

b. att=¢, + As? Po:‘hve

2. Isthe change in flux due to the external field in the interval Az positive, negative, or zero?
posthve  (intreuse in $iyx )
3. Use Lenz’ law to determine whether the flux due to the induced current’in the loop is

positive, negative, or zero. Trnduted ument tries ho a_l_e_c_gt_rgj_e_ flur

: Cufpusc Incre ase) = @md IS neglaﬁt/& ( @)
4. What is the direction of the current in the loop during this time interval?
m\ E? R R

D, Attwo later

instants, 1 = ¢,
and t=1¢, + At, X X XX XXX XX X XK X X X X XX
the loop is x[x x x x]x x B x X B, x x[x x x x|x
located as X% X X x]ux x X X X X|X X X X
shown. x[x x x x|x T, x x X X x x|x x x x|x|7
X X XXX X X X X X X X X XK XX
t=1, r=1,+ At

1. Use Lenz’ law to determine whether the flux due to the current induced in the loop is
positive, negative, or zero. Explain,

Zerm, No change 1o flux

2. Describe the current in the loop during this time interval.

ZEro

3. Consider the following student dialogue:

Student 1:  “The sign of the flux is the same as it was in part C. So the current here
will aleo be counter-clockwise.”  Pisagree. Tind relaks fv Change i 'ﬁ“ %,
inot -f’u <.

‘T agree. If | think about the force on a positive charge on the leading
edge of the loop, it points towards the top of the page. That's

consistent with a counter-clockwise current.” Disa jﬁe e . /\/ ofe. thaf __

s Prea 1s n the Off"’f',li dwec hm_:{“_._:

on the #as!sr:? edse [no I.,,;‘ s
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Student 2:

Do you agree with either student? Explain.
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FARADAY'S LAW AND APPLICATIONS

L. Faraday’s law

. Two loops of the same radius are held near a solenoid.
Both loops are the same distance from the end of the
solenoid and are the same distance from the axis of the
solenoid. :

A. The resistance of loop 2 is greater than that of loop 1
(The loops are made from different materials.)

1. Is there a current induced through the wire of
either of the loops:

* before the switch is closed? Explain.
Tndzo s d¥e)gp =0 (

* just after the switch is closed? Explain.

Yes, because By i chunged

* along time after the switch is closed? Explain

EM
129

Loop 2

)
)

shedy )

No, because §E’> s sfead{j agein .

2. For the period of time that there is a current induced through the wire of the loops, find
the direction of the current, 2 s Lo raghf') and while s increas g,

Tind fries 4o decrease

tt 3 Bmd fo 't‘1c1" D Tind

3. The ratio of the induced currents for the two loops is found by experiment to be equal to
the inverse of the ratio of the resistances of the loops.

What does this observation imply about the ratio
induced emf in loop 27

L, . Ra
L R’

B. Suppose that loop 2 were replaced by a wooden loop

* Would there still be an emf in the loop? \/ e

of the induced emfin loop 1 to the

E-IR 5 &L, Lok - 135[&-¢,
M R L 1e2Y

. It does mot doperd o
Tro wesistanit

* Would there still be a current induced in the wood loop?  No  (Cunent canmot ]Cf v w

L "’[Sulﬂfor

C. Suppose that loop 2 were removed completely. Consider the circular path that the wire of

loop 2 used to occupy.

* Would there still be an emf along the path? Explain. y es d—' < inds ‘a€ ndent © 7L

/ matie r 0Ccupytng the 5,04(!.

* Would there still be a current along the path? Explain. NO - fo( wrvent o e xict h‘l re.

must be movement of redl cwvrges
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EM Faraday’s law and applications
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The results of the previous exercises are consistent with the idea that a change in the magnetic
flux through the surface of a loop results in an emf in that loop. If there is a conducting path
around the loop (e.g., a wire), there will be a current. The emf is independent of the material of
which the loop is made; the current is not. It is found by experiment that the induced emf is
proportional to the rate of change of the magnetic flux through the loop. This relationship is

called Faraday's law. The direction of any induced current is given by Lenz’ law.

D. Three loops, all made of the same type of wire, are placed near the ends of identical solenoids
as shown. The solenoids are connected in series. Assume that the magnetic field near the
. end of each of the solenoids is uniform.

Loop 2 consists of two turns of a single wire that is twice as long as the wire used to make
loop 1. Loop 3 is made of a single wire that is half as long as the wire used to make loop 1.

Just after the switch has been closed, the current through the battery begins to increase. The
following questions concern the period of time during which the current is increasing.

1. Let & represent the induced emf of

loop 1. Find the induced emf in each of Loop 1
the other loops in terms of £. Explain
your reasoning. \ 0
(B2 heconse el 1T
dt 4
§ -2 E because +W e the lines Single loop of
2 ' theead radius r

§3: QE_- because orea 15 9 +imgs smaller,

! = Loop 2
2. Let R represent the resisfance of loop 1.

Find the resistance of each of the other @
Ioops in terms of R. Explain.

D. oA 4 S
Rl ; ZK' since R Double loop of

radius r made from

R 3 ° R 1/2 a single wire
Loop 3
3. Find the current induced through the 5'
wire of each of the loops in terms of € Single loop of
€ - ¢ o dndj 1€ g E’- radius r/2
' ek | 17 i L7 ¢
R=-R '[Ir i/ -KJ % zR, E_’:_’ ﬂ}
. —
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