SCS 139 Applied Physic 11 Semester 2/2011

Practice Questions for “Induction and Inductance”

1.

[HRW, 9E, P30.40] The inductance of a closely packed coil of 400 turns is 8.0 mH.
Calculate the magnetic flux through the coil when the current is 5.0 mA.

Ans: 107 Wb

[HRW, 9E, P30.44] A 12 H inductor carries a current of 2.0 A. At what rate must the current
be changed to produce a 60 V emf in the inductor?

Ans: -5 A/s

[HRW, 9E, P30.45] At a given instant the current and self-induced emf in an inductor are
directed as indicated in Figure 1. (a) Is the current increasing or decreasing? (b) The induced
emf is 17 V, and the rate of change of the current is 25 kA/s; find the inductance.

Ans: (a) decreasing (b) 6.8x10™* H.

A conducting loop of area 240 cm? and resistance 120 lies at right angles to a spatially
uniform magnetic field. The loop carries an induced current of 320 mA. At what rate is the
magnetic field changing?

Ans: 160 T/s

A 60 mA current is flowing in a 100 mH inductor. Over a period of 1.0 ms the current is
reversed, going steadily to 60 mA in the opposite direction. What is the inductor emf during
this time?

Ans: 12V

The current in a 2.0 H inductor is given by i(t)=3t* +15t +8 where t is in seconds and i(t)

is in amperes. Find an expression for the magnitude of the inductor emf.

Ans: 12t+30 V

[Modified from HRW, 9E, P30.53] A solenoid having an inductance of 6.30 xH is connected
in series with a 1.20 kQ resistor. A 14.0 V battery is connected across the pair as shown in
Figure 2. Suppose, at time ty = 0 s, the current i through the resistor is 0 A.

a. Along time later (t — o), what is the value of i. 4 __= Eﬂ_ 1.3 mA
b. Find the inductive time constant z, .

z-'_= L ~ 5.125 ne
R



Additional Practice Questions for “Induction and Inductance”

8.

10.

[Modified from HRW, 9E, P30.53] (Continued from Q7) A solenoid having an inductance of
6.30 H is connected in series with a 1.20 kQ resistor. A 14.0 V battery is connected across
the pair as shown in Figure 2. Suppose, at time t, = 0 s, the current i through the resistor is 0
A.

a. Find the current i at an arbitrary time t > 0 s. (This will be a function of t.)

b. Find the current i at time t = 0.000000001 s.

c. Find the time at which the current through the resistor reaches 80.0% of its final

value.
d. What is the current through the resistor at time t =ty + 7, ?

Ans: &y4-F-mAE)y5-25-1s: (@) i(t) :11.7(1—e*1-9“°8‘) mA,; (]a; 2.0 mA; (€) 8.45 ns;é)
7.38 mA.

[HRW, 9E, P30.91] In the circuit of Figure 3, Ry= 20 kQ, R,= 20 kQ, L = 50 mH, and the /To =0

ideal battery has £ =40 V. Switch S|has'been‘openforalongtime when it is closed at time t
= 0. Just after the switch is closed, what are (a) the current ip through the battery and (b) the
rate dips/dt? At t = 3.0 us, what are (C) ips and (d) dipa/dt? A long time later, what are (€) ipat
and (f) dipa/dt? l‘:""_\*( Becave Yve oGUC-J"rIon does not

o \‘ core QLUU'\' w’hod’ L\ﬁprEnI Cv'\_
L
’f trere venstorss, we will combine
€ § Rzg' them 1710 one vesutor witn
I
T S : Ri‘o'l-c.l =10 k2,
e

Figure 3: [HRW, 9E, Fig. 30-74]

=

A
L

Ans: (a) 0; (b) 800 Als; (c) 1.8 nA; (d) 439 A/s; (e) 4mA; (f) 0

[HRW, 9E, P30.95] In Figure 4, R;=8.0 Q, R,=10 Q, L;=0.30 H, L,=0.20 H, and the ideal
battery has £ = 6.0 V. (a) Just after switch S is closed, at what rate is the current in inductor 1
changing? (b) When the circuit is in the steady state, what is the current in inductor 1?

Figure 4: [HRW, 9E, Fig. 30-75]

Ans: (a) 20 A/s; (b) 0.75 A
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[HRwW ,aE, Pr0.a1]
Observe thaY twe okuc.sh'oﬂ does not ask on/i'h.'r\s s,oca.‘-f-;ca\\y about %uar\'H Yies

;nvo\\h'r\ﬁ R, ond R,. So, we can sim.o\i{-/ e circot ‘o/ nf‘qf.;f\s Yhem with
a rvesistor whose vesistance 15 tre Yotrol vesis tance.

[. gt‘,v;velca'\' o Pava“o\

R, = TR,,,M: R, /R, =20k /20 kS
o s 40 ko

So, the ovevall cireoir becomes o s'.mr\c RL ciwreuit:
L

-

s L

B Yotra |
e

|

The sw is closed ot *ime t=t, whee t,:=o0.
First, we consider the circuit 'oc'Fue the swo i+ closed.
It is given that the SW has been open for a lo'\j Yime,
there Fove/ for bt ¢ t,, the ia duc Yor acts oy an Orc\.’nc«/ connec'Hnj wire.

o+% course, with the broken COnﬂcc'\':oﬂ) The current
E th“ car't flom in this ‘°°P' There fore the current
L fhroosk the inductor is

=0 A.
A‘L

NexT, we consider The circoit ")u.ﬁ' afte the sw is closed.
L — 4"!.. L t = t: :O*

Becavie £ty i so close Yo,
e Preral  we kvows Fhat Ve velbe o" ';"L can rot Jumf’ to
’i'l,eu\'fT other value.

Tl«ueFofc) A,IET:) =0 A.

(&) Siace Yhe circuit s simfl)/ one [loop the corrent must be the some across
oll elements. There forve "-’bcd"\' =0 A.

(b) Aga?«, be cavse the same current posses Hrwouah all circvit elements  we have
‘f\_';'.b"*" = A—A.”'.
dt dt

We know theat L_d_il. = v - 'There{ave.) C\i— = Y,
dt A[— 3t L
e va\i'ase. acvogs the iaductor.
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o v - -

l—\'hc vo\|'a5¢ acvogs tre iadwetor.

B/ KvL UOOf ru\o)J we heave ¢ ~V -~V =0,
Note thet Ve =0 bLecawe +theve is wo cuvrent
‘\'\-wooa\\ tre vesistov.

Theve cwc,l v,_< <.

Aib_..ﬂ- - £ -2 - o l'-A/s =500 A/s.
dt L S5om

(¢) La -Fad‘, we can write down  the Comr\o\'c expression {-or 'LL. fov t 2%,

Ir\ c\ass, we "\nvc seen Fhet

- alt-to) 3 . -
Qe s (ki) the
h a-Reerel o4 4 =&
where & L ®  Ruwa

Heve, to=0 ond 4, = .{,'Et.) =0

/

Evom the dis cossion befove Po"l' () abwe.J
we know that A-.L(:t) zo for t<t,. Ajc\i-\, becavse tve wvalve of

Ay, con not jump, we have 4 (t,) =o also.

1o k2
Ho v o ‘
Se, V - Rrereiy
i e = £ (1-e LL ) for t3o0.
Rfﬁfﬁl 50 mH
10 ka
Ay t= s | we hawe A';l_('s/us) % 1.8 W»A.
(J) ﬁ/ wvL (\oo' '”\")j < _\,L-\r& .0
do .
2-L ;—t-" ~v, R =0 40 lea wo vV’
dow _ _R - s‘/ .
-_— = — N, + = & Some as what we’ve seen 1 claas,
3¢ L L
A
S0k
~ w3 A/fs,

As ia fav'\' Ua)) 4_-&_\»«1"" =.‘J£- = 439 AJ/s.
3t dt

T the last Pw'\' of the ues Yion, we lock at the circuit qtjadn a ‘onj Yime \ater.

So) the :ncluch" becomes an OVACnc.v)/ conntC\'Inj NPT R

v
(e) ThereFule’ A;baﬁ =";l.. = & =y wmA.
g ‘[1- l Riotal %
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(e)

L/) As in P&r‘\' LJ), JA;L= —&j’\."

&

Ther;k/e’ A;baﬂ' =4

'[ Ri‘o\'al

= O.

~m

di L

so, diverodi = o Ak
4t 3
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