2014/2 ENGINEERING DEPARTMENTS PHYSICS 2
RECITATION 7
(FARADAY’S LAW-INDUCTANCE)

on two parallel conducting bars, as shown

in Figure 1. Two resistors R; and R, are B

connected across the ends of the bars to R L
1

A conducting rod of length L is free to slide L ] T

form a loop. A constant magnetic field B is
directed perpendicular into the page. An
external agent pulls the rod to the left with
a constant speed of V. Find

-~ A

a) the currents in both resistors,
b) the total power delivered to the resistance of the circuit, and Figure 1
c) the magnitude of the applied force that is needed to move

the rod with this constant velocity.

15} :{iz—gtl
g;,dﬁgz_gztﬂ ht‘;)_'_’f—\'?]
dt 1) £ - T R=0

_-_:_‘j- IJ:_I;R.LEC?
I, = lel . BLy =

s ol 5 J5r 2 7 = < Jae
‘S Ry xﬁ“ﬁ.—';n E;{ﬂ-z
] X

I = LEL - BLe e 2 XL
Ry R.z__ B

b Pun-o Tl + T.le) g2
R eq.

.—-(.I-.f-fa_)ial' = ™ J___+_r_J
1 |4}

i:t'{.: BsL= 19 (._'L_

< s F+La Fe = L TxTF
Fa :lLﬂLlijn(J_ﬂL
Ea

5 2_—___‘_
e = BY22¢ -J—+L) to the right

S

An external agent must then exert a force to the left
to keep the bar moving with constant speed.
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2. Figure 2 shows a rod of length

™ >

L =10 cmthat is forced to move at ) \ :
constant  speed v=5m/salong \ % '"" § o
horizontal rails. The rod, rails, and - - - - -
connecting strip at the right form a a : : : : : : :
conducting loop. The rod has resistance -
R=0.4 Q); the rest of the loop has - . - - “ - -
negligible  resistance. A  current s 2 e o B - B
| =100 Athrough the long straight 3 om . B
wire at distance a =10 mm from the

- - - - - -
loop sets up a (nonuniform) magnetic
field through the loop. Find the L
a) emfand T
b) currentinduced in the loop. Figure 2

c) At what rate is thermal energy generated in the rod?

d) What is the magnitude of the force that must be applied to the rod to make it move at
constant speed?

e) At what rate does this force do work on the rod?
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3. A long solenoid has n=400 turns per
meter and carries a current given by

I =30(1-e %) (A). Inside the solenoid

and coaxial with it is a coil that has a
radius of 6 cm and consists of a total of
N= 250 turns of fine wire (Figure 3). What
emf is induced in the coil by the changing
current?

(= 47x107"Wb/ Am).

The magnetic field along the axis
of the solenoid:
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(The flux through the solenoid)

As the solenoid flux is changing with time, the induced emf in the coil;
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4. For the situation shown in Figure 4, the
magnetic field changes with time
according to the expression
B=(2t>-4t>+1) T and r=2R=5cm.

a) Calculate the magnitude and direction
of the force exerted on an electron
located at point P when t=2s.

b) At what time is this force equal to
zero?
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5. An 820-turn wire coil of resistance 24 Q is

14Q -
placed around a 12500-turn solenoid 7 cm M =
long, as shown in Figure 5. Both coil and
solenoid have cross-sectional areas of 10* 19 500
mz. turns
a) How long does it take the solenoid current
to reach 63.2% of its maximum value? sy L 8(28‘9 _
Determine ™ 320 turns
b) the average back emf caused by the self-
inductance of the solenoid during this time
interval,
c) the average rate of change in magnetic flux 0/'
through the coil during this time interval, and
. . S
d) the magnitude of the average induced
current in the coil.
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6. The toroid in Figure 6 consists of N turns

and has a rectangular cross section. lIts : __ \ \-
inner and outer radii are a and b,
respectively.

a) Show that the inductance of the toroid is

2
L= 4Ny by
27 a
b) Using this result, compute the self-
inductance of a 500-turn toroid for which
a=10cm, b=12cm and h=1cm.
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7. In Figure 7, the battery is ideal and
e=10vV, R =5Q, R,=10Q2 and

L =5H . Switch S is closed at time t=0. Just
afterwards and a long time later, what are

a) the current |, through the resistor 1, g -

b) the current 1, through the resistor 2, I

c) the current | through the switch,

d) the potential difference V, across resistor 2, Figure 7

e) the potential difference V| across the inductor.
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8. The switch S is closed at t=0 in the RL S
circuit as shown in Figure 8. ;

%_

a) Find 1, I, and I currents when the —
switch S is closed. ll R l
b) Find I, I, and Il currents after the & ’31 ! 2
switch S has been closed for a length of
time sufficiently long. . ) .
c) What is potential difference through the /[ ¢ d
resistor 2 when the switch S is opened
(t=0) again after being closed for a long time? Figure 8
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