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 NYB problem set 6 answers 

Part 1 

Question A 

Let us consider 2 wires: I1 and I2. The magnetic field of I2 is out of the page to the left 

and into the page to the right. If we consider the force that B2 exerts on wire 1, 

2 1 1 2F I B→ =  , the right hand rule tells us that the force is directed to the right 

I1 I2

2B2B

BF

 
The magnetic field of I1 is out of the page to the left and into the page to the right. If we 

consider the force that B1 exerts on wire 1, 
1 2 2 1F I B→ =  , the right hand rule tells us that 

the force is directed to the left 

 

I1 I2

1B1B

BF

 
So the two wires attract each other. 
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Question B 

-

v

BF

B

 
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.  

+ + + 

+ + + 

 

_ _ _

_ _ _

v

B

E

 

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. 

I

Binduced

I induced

 

First we consider the force on an 

electron in this conducting rod: 

BF qv B=  The right hand rule 

tells us that the force will be 

directed downward.  
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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.  

I

Binduced

I induced

 

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 

Bwire

Bexternal

Bwire

This is the magnetic 

field line of the wire

This is the 

magnetic field of 

the wire at point 1

1
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b) Bwire = Bexternal = 1 T 

therefore 2 2

resultant 2 Twire externalB B B= + =  

Bwire

Bexternal

Bwire

This is the magnetic 

field line of the wire

This is the 

magnetic field of 

the wire at point 2
1

2

Bnet

 

c) The formula for the magnetic field of a wire is : 0

2

I
B

r




=  so if we double the 

distance r, we halve the magnetic field.
1

 T
2

wire externalB B+ =  

Bwire

Bexternal

Bwire

This is the magnetic 

field line of the wire

This is the 

magnetic field of 

the wire at point 2

1 2

 

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 

I

Bwire

This is the magnetic 

field line of the wire

N

S

EW

This is the magnetic field of 

the wire 2 m north

 

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 

b) B =  , sinB  = . The angle between  and B is 180 so there is no torque 

c) If the magnetic field B0 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. 

 

Question H 

 

ANS: c) 
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Question I 

fB





-DfB/Dt

rotating loop

Bexternal

Magnetic flux

Induced emf

 

Part B 

Question 1 

At point P (location of third wire, the magnetic field due to I1 and I2 is as shown. 

0
.1

5

0
.2

5

I1 

10 A

I2 

5 A

1B

2B

P

x

y

z

 

a) 1 2pB B B= +  

1 2
ˆ ˆk kpB B B= - +  

0
long wire

2

I
B

r




=  

7 72 10 10 2 10 5ˆ ˆk k
0.25 0.15

pB
- -   

= - +  

6 ˆ1.33 10 k TpB -= -   

The resultant magnetic field at the position of the wire is -1.33×10-6 T 
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b) 
3 3 pF I B=    0 sin =1pB  =  

To cancel out the field due to I1, I2 needs to travel towards the left, as in (a). 
 

1 2
ˆ ˆk k=0B B- +   

1 2B B=  

0 01 2

1 22 2

I I

r r

 

 
=  

2
2 1

1

r
I I

r
=  

2

0.15
10 6.00 A

0.25
I =  =  

If the current in I2 was 6.00 A, the wire would experience no net force due to the other 

two conductors. 

 

Question 2 

x

y

z

P
I2=15.0 A

I1=10.0 A

1B

2B

 

1 2pB B B= +  

1 2
ˆ ˆi jpB B B= -  

0 01 2

1 2

ˆ ˆi j
2 2

p

I I
B

r r

 

 
= -  

7 710 15ˆ ˆ2 10 i 2 10 j
0.06 0.08

pB - -=   -    

( )5 5ˆ ˆ3.33 10 i 3.75 10 j  TpB - -=  -   

F qv B=   

( )19 6

5 5

ˆ ˆ ˆi j k

ˆ1.6 10 0 0 3 10 k

3.33 10 3.75 10 0

F -

- -

= -   - 

 - 

 

( )17 17ˆ ˆ1.80 10 i 1.60 10 j NF - -=  +   

The force that the electron experiences is ( )17 17ˆ ˆ1.80 10 i 1.60 10 j NF - -=  +  . 
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Question 3 

a) 

5.00 

A
solenoidB





 

b) 7

2

40
4 10 5

10
B ni  -

-
= =     

The magnetic field inside a solenoid is: ˆ0.025 k TB = -  

 

c) ˆsin iB B   =  =  

( ) ˆ0.025 sin90iNIA =  

( )
2

2 ˆ1 0.25 3 10 0.025 sin90i -=       

The torque on the loop is 
6ˆ5.63 10 i N m -=    

 

Question 4 

initial cosB A BAf =  =  
2

initial 6 0.1f =    
2

initial 0.188 Tmf =  

20 Tmfinalf =  

20.188 Tm

0.1 s

final initial

t t

f ff


-D
= = =
D D

 

 

The induced emf is 1.88 V =  and the direction of the current is indicated on the picture 

0.250 A 

 

5.00 A 
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Induced current

inducedB

 

Question 5 

a) 

0solenoidB nI=  

(Flux through solenoid)=(Bsolenoid)(Asolenoid) 

solenoid final initialf f fD = -  

( )0solenoid F iA n I If D = -  

( ) ( )( )( )
2 7 40.06 4 10 5 10 20 50solenoidf   -D =   -  

0.0213 WbfD = -  

pick up coil solenoidf fD = D  (There are essentially no field lines due to the solenoid outside of 

the solenoid, assuming it is ideal) 

av coil

0.0213
200 14.2 V

0.3
N

t

f


D
= = =

D
 

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

 

b) 
14.2

0.249 A
57

I
R


= = =  

The magnitude of the current is 0.249 A and the direction of the current is indicated in the 

picture. 
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Binduced

Bsolenoid (Decreasing)

Iinduced

 
 

Question 6 

 = 10.0 V

B

v

+

-

 
a) The direction of the induced emf is shown on the picture.  

B v =  

=2×3×10-2×30=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: 

10 V

=1.8 V

R=5Ω

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

8.2
10-1.8-5×I=0  1.64 A

5
I I→ = → =  

The current in the rails is 1.64 A counter-clockwise 

 

c) 2 2sin 1.64 3 10 2 sin 90 9.84 10  NBF I B  - -= =     =   

by the right hand rule FB points to the right 

If the bar moves with a constant speed (zero acceleration), the net force applied to it must 

be zero: 0net B appliedF F F= + =  

So the applied force must be 9.84×10-2 N to the left  

 

Question 7

v

 
a)  

B v =        1.5 0.25 0.04 0.015 V =   =  

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. 

4W

4 W

=0.015 V

 
 

We can apply the loop rule to the circuit. 

0ind ind indI R I R- + - =  

30.015
1.88 10 A

2 8

ind
indI

R

 -= = =  ∆∆ 

 

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:  

0

t

RCI I e
-

=  

𝐼 = 1.88 ∙ 10−3𝑒− 
2

8∙0.50 

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

 

b)  

 

F I B=   
31.14 10 0.25 1.5 sin90F -=      

4 ˆ4.28 10  i NBF -= -   

The external force must therefore be : 
4ˆ4.28 10 i NextF -=   for the velocity to be constant 

 

c)  

The capacitor has been charging with the induced emf of 0.015V for 4s. 

1
t

RCQ C e
- 

= - 
 

 

( )( )
4

8 0.50.5 0.015 1Q e
-


 
= - 

 
 

34.74 10Q C-=   
3

34.74 10
9.48 10 V

0.5

Q Q
C V V

V C

-
-

= → = → = =   

The voltage across the capacitor at t=4s is 9.48 mV 
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d) 

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 so the induced emf is 0 and the capacitor is in discharge cycle! 

 

v
+

I

 
 

0

t

RCI I e
-

=  

0

t

RC
V

I e
R

-

=  

43

8 0.5
9.48 10

8
I e

-
-


 
=  
 

 

44.36 10  AI -=   

The current in the loop is 0.436 mA clockwise. 

 

Question 8 

a) |𝜏| = 𝜇𝐵𝑠𝑖𝑛𝜃 where 𝐵 is the magnetic field incident on the loop due to the 

solenoid so, 

 

𝐵𝑠𝑜𝑙 =
|𝜏|

𝜇𝑠𝑖𝑛𝜃
=

|𝜏|

(𝑁𝑟𝑖𝑛𝑔𝐼𝑟𝑖𝑛𝑔𝐴)𝑠𝑖𝑛𝜃
=

5 × 10−9

1 ∙ 20 𝑚𝐴 ∙ 𝜋 ∙ 0.052𝑠𝑖𝑛140𝑂
= 49.5𝜇𝑇  

 

b)  

 

𝐵 = 𝜇0 (
𝑁

𝐿
) 𝐼 

⇒     𝐿 =  𝜇0 (
𝑁

𝐵
) 𝐼 = (4𝜋 × 10−7) (

400

49.5𝜇𝑇
) 5𝑚𝐴 ≃ 0.05𝑚 

𝐿 = 0.05𝑚  
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c) 𝜇 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 𝜇 (and so the loop) will rotate through an angle 

50𝑂 + 90𝑂 = 140𝑂 to align itself with 𝐵. Since Φ = 𝐵𝐴𝑐𝑜𝑠𝜃, the angle 𝜃 is changing 

(rotating) thus ΔΦ ≠ 0 meaning 𝜀𝑖𝑛𝑑 ≠ 0. Since the other quantities 𝐵 and 𝐴 remain 

unchanged the only change is in 𝜃 and so the induced 𝑒𝑚𝑓 is 

 

𝜀 = −𝑁
ΔΦ

Δ𝑡
= −𝑁

Δ(𝐵𝐴𝑐𝑜𝑠𝜃)

Δ𝑡
= −𝑁 𝐵𝐴

Δ𝑐𝑜𝑠𝜃

Δ𝑡
= −𝑁𝐵𝐴

(cosθf − 𝑐𝑜𝑠𝜃𝑖)

Δ𝑡
 

 

𝜀 = −(1)(4.95𝜇𝑇)(𝜋 ∙ 0.052)
(cos 00 − 𝑐𝑜𝑠 1400)

Δ𝑡
= −68.6 × 10−9

𝑉

𝑠
  

𝑅𝑙𝑜𝑜𝑝 =
𝜌𝐿

𝐴
=

(1.68 × 10−8Ω𝑚)(2𝜋 ∙ 0.05𝑚)

1 × 10−6𝑚2
= 0.52 × 10−2Ω 

 

𝐼𝑖𝑛𝑑 =
𝜀

𝑅𝑙𝑜𝑜𝑝
=

68.6 × 10−9𝑉/𝑠 

0.52 × 10−2Ω
=

13.2 × 10−6

Δ𝑡
𝐴  

Question 9 

a) initial area 𝜋𝑟2 =
𝜋

16
𝑚2 ≈ 0.196𝑚2 

final area 𝑟2 =
𝜋2

36
𝑚2 ≈ 0.274𝑚2 

initial field 𝐵 = 20.0 × 10−6𝑇 

final field 𝐵 = 100.0 × 10−6𝑇 

𝜀 = −𝑁
ΔΦ

Δ𝑡
=

(𝐵𝐴𝑐𝑜𝑠𝜃)𝑓 − (𝐵𝐴𝑐𝑜𝑠𝜃)𝑖

Δ𝑡
 

𝜀 = −1
100 × 10−6 × 0.274 × 𝑐𝑜𝑠0° − 20 × 10−6 × 0.196 × 𝑐𝑜𝑠20°

0.01
 

𝜀 = 2.37 × 10−3𝑉 

The induced current inside the wire is 𝐼 =
𝑉

𝑅
=

2.37×10−3

10
= 2.37 × 10−4𝐴 

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 90o to the loop. 
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