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NYB problem set 6 answers

Part 1

Question A

Let us consider 2 wires: I; and I,. The magnetic field of I, is out of the page to the left
and into the page to the right. If we consider the force that B, exerts on wire 1,

F =1, " 32’ the right hand rule tells us that the force is directed to the right

Iy ' o
B, B,
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The magnetic field of I; is out of the page to the left and into the page to the right. If we
consider the force that B; exerts on wire 1, F =1, o B], the right hand rule tells us that
the force is directed to the left
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So the two wires attract each other.
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Question B
B

First we consider the force on an ®
electron in this conducting rod: _

1 1 -
F, = qvx BThe right hand rule v
tells us that the force will be ,
directed downward. l Fs

The electrons will accumulate at the bottom of the rod, creating a net negative charge and
leaving a net positive charge at the top of the rod. This net charge creates an electric field
as shown below.
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Question C

a) The magnetic field created by the current is out of the page above the wire and into the
page under the wire. The magnetic field gets stronger as we get closer to the wire

As the loop falls, the magnetic field going through the loop points out of the page and the
flux increases as the loop falls.

The induced field opposes the increase so the induced field is directed into the page. The
right hand rule gives us the direction of the induced current: clockwise.
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b) The answer does not change once the loop has fallen below the wire. The magnetic
from wire is now into the page and decreasing

The induced magnetic field will oppose the decrease and will be also directed into the
page.
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Question D

a) The magnetic field at 1 is zero which means that the magnetic field due to the wire
must be pointing towards the bottom of the page
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b) Bwire = Bexternal = 1 T
therefore B = Blie * Bema =2 T

resultant
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c) The formula for the magnetic field of a wire is : B = Aol so if we double the

.
| 1
2

[
distance r, we halve the magnetic field. B, + B, ,,.a == T
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Question E
a) by Newton’s third law
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Question F

By the right hand rule illustrated below (current comes out of the page) the magnetic field
north of the wire points west
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Question G

a) The external magnetic field is upward and increasing. The induced magnetic field will
oppose the change in this increase. The induced field will therefore point into the page.
By the right hand rule, the current will be clockwise

| 1 H
b)/ =" B,
c) If the magnetic field By begins to decrease, the induced magnetic field will oppose the
change and be out of the page. The induced current would now be anti-clockwise.

! | =1 Bsin” . The angle between [ and B is 180j so there is no torque

Question H

ANS: ¢)
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Question |

Bexternal
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Part B

Question 1
At point P (location of third wire, the magnetic field due to I; and I, is as shown.
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a)B,=B+B
B, =! BR+ BK
My 1
Blongwwe 2;)
! " 107 104 2 10
B:!2 10 10@+ 2 10
P 0.25 0.15

B,=11.33 10°%k T

The resultant magnetic field at the position of the wire is -1.33x10° T




Physics NYB problem set 6 solutions 7/14

b) F,=1,"1B," B= 0 [sin/ =]
‘ To cancel out the field due to I;, I, needs to travel towards the right, as in (). ‘

| B+ BK:0

I, =10! E— 6.00 A
0.25

If the current in I, was 6.00 A, the wire would experience no net force due to the other
two conductors.

Question 2
————— (®)1,=15.0 A
1,=10.0 A
B,=B+B
B, = BP- Bjf
E'3 Ho b Mo Vs
21, Z r2
I ‘
B, =2"10™ @ 2 107 12
o 0.08
B (333' 1059 3.75 105%
F qvI B
| p JO k('j
#z(!m 1019) 0 0 "3 160
3.33 10° | 3.75 10 0

F’:(1.80" 168 1.60 1079 1

The force that the electron experiences is F= (1.80" 104G 1.60 107 () M
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Question 3
a)

B

solenoid

p 0.250 A

] —>

b) B=uni=4/ #10'7#;)—,,02#5

The magnetic field inside a solenoid is: B=10.025 kT

c) / :,L!I#é :LLHiB‘sin” ¢

! =NIA(0.025 sin96
/ 1#0.25#(3#102)2# 0.028 sindl

| '
The torque on the loop is 7=5.63x 10°9 Nk r

Question 4
/I =B#A= BAcoS

* initial

L i = 6#" #0.2

/i =0.188 Tnt

¢final = O Tm2

” $-/ _ '/ final #'/ initial _ 0188 Trﬁ

$t $t 0.1s

‘ The induced emfis / =1.88 V and the direction of the current is indicated on the picture
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Induced current

&

induced

Question 5
a)
solen0|d luOnI
(F lux through solenoid)=(Bsolenoid)(Asolenoid)
"1 I
solenOId final initial

! 'Isolenoid_ AIO (I F# I i)
$/ epencia=" (0.06)° (4 %107 )( 5%L6)( 2045}

" /=#0.0213 WI
(There are essentially no field lines due to the solenoid outside of

/ ="/ _
“ pick up coil “  solenoit
the solenoid, assuming it is ideal)

N#— 200%3 14.2' Vv

#t

| av c0|l|

‘ The average induced emf in the pick-up coil is 14.2 V

/
b) | ='——£2—0 249 A
R 57

The magnitude of the current is 0.249 A and the direction of the current is indicated in the
picture.
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Iinduced/

Bsolenoid (Decreasing)

Md
M

Question 6

1 =100V é? - J

>

%

a) The direction of the induced emf is shown on the picture.
/I =Blv
1=2x3x10°x30=1.80 V

‘ The induced emf in the moving bar is 1.80 V
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b) Let’s draw a circuit equivalent to the picture of the situation:

R=5!
0V —/—

— =18V

o
I

Let’s apply the loop rule 10-1.8-5x1=0

10-1.8-5!1=0 — | =8—5'2—>I =1.64 A

‘ The current in the rails is 1.64 A counter-clockwise

¢) F,=I11Bsin@=1.64x3x107x2xsin90=9.84x107 N

by the right hand rule Fg points to the right
If the bar moves with a constant speed (zero acceleration), the net force applied to it must

be zero: F,=F;+ Fapplied =0

‘ So the applied force must be 9.84x107 N to the left

Question 7
A, ® ® ®
X & &
— _>v
X & &
AN\
® & &
a) / =Blv

/=15"0.25 0.04 0.015°

The induced emf just after t=0 is 0.015 V

The induced magnetic field will oppose the increase of magnetic flux into the page. The
induced magnetic field will be out of the page and the induced current will be counter-
clockwise
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At t=0s the capacitor carries no charge so Vc=0 V.

41

"=0.015vV _——

AN —

41

We can apply the loop rule to the circuit.
"R L g 0

/. "
L= —nd =0015_; ggr16° Al
2R 8

At t=0s, the induced current is 1.88 mA

At t=2 s, the induced emf is the same but there is charge on the capacitor, so we must
Now use:

t
[
I:IOe RC
|

‘ At t= 2s the magnitude of the current in the circuit is 1.14 mA

b F=1"1B
F=1.14"10> 0.25 15 sin¢

F,=14.28 10* AN

The external force must therefore be : F, =4.28" 109 N for the velocity to be constant

e

d) The capacitor has been charging with the induced emf of 0.015V for 4s.
W b
Q=crip e’

Q=(0.5(0.01551 6705 °
' (
Q=4.74' 10°C
“Qu e & v ATHI0L g5 10y
v C 0.5

The voltage across the capacitor at t=4s is 9.48 mV
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At t=4s, the right end of the loop exits the magnetic field. Between t= 4 s and t= 8s, the
magnetic flux is constant (think about it, the amount of magnetic field through the loop
stays the same) the induced emf is now 0 and so the capacitor now discharges!!!!

||—> M@@@

¥ ¥ & & :
p— Y
b

I =1g R

| = —Oeié
#9.48' 10° $1 ..

| = O/cT( &""

1=436"10"" A

‘ The current in the loop is 0.436 mA and the current circulates clockwise.
Question 8
a) N "#$%&where ! is the magnetic field incident on the loop due to the

solenoid so,

. I 7| . Lpge ! |
T VHSY 1D g lwg ! LS LTLIT T LT LT LI

b)

I !!<!T>!

T !!0<!!—>!! (!!!1@5(%)!!" P
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c)! tends to align itself with the magnetic field that is causing the torque, and since we
know there is a torque acting on it, then ! (and so the loop) will rotate through an angle
mrm b 1"g Y toalignitself with ! . Since ! ! "#$%&, the angle ! is changing
(rotating) thus !I" | | meaning ! ! !. Since the other quantities ! and! remain
unchanged the only change is in ! and so the induced !"# lis

!II e !(!#'f$;%&)! . !!I#If$ e (!#!!I!I!#!!)
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" (U68x107 1 ! NARIEE m) '
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Question 9

a) initial area ! 1! | —m? ~ 01196m>

2
T | n |
final area r? = —36! N A=

initial field ! = 20.0x!" ~°T
final field B = 100.1! 1" 'l

- A_CD B ("#$%&) ; — (BAcosb),

M At
100X!" =5 x Q0" I L L LN L I
! r
L1073y

pgep g =3

. . . . . I n n
The induced current inside the wire is ! ! - ! —Q = 21"t

b) The induced current is initially in the same direction as the 2.00A current in the loop.
The induced magnetic field opposes the external magnetic field, and is at 90° to the loop.




