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4, A toroid with a mean radius of 20.0 em and 630 turns is filled with powdered steel whose
magnetic susceptibility y is 100. The current in the windings is 3.00 A, Find B (assumed uniform)
inside the toroid.

Solution: Assuming a uniform B inside the toroid is equivalent to assuming r < R (see Fig, 4);
then By = ppH = ppNT as for a tightly wound solenoid. This leads to By = pug 225300 = 0.00189 T.

With the steel, B = (1+ x)upH = 101-0.00189 T = 0.191 T.

3. A solenoid 2.50 em in diameter and 30.0 cm long has 300 turns and carries 12.0 A. (i) Cal-
culate the flux through the surface of a disk of radius 5.00 cm that is positioned perpendicular to
and centered on the axis of the solenoid, as shown in Fig. 3 (a). (i) Figure 3 (b) shows an enlarged
end view of the same solenoid. Caleulate the Hux through the blue area, which is defined by an
annulus that has an inner radius of 0.400 cm and outer radins of 0.800 cm.

Solution ® g = B- A = BA, where A is the cross-sectional area of the solenoid, 5 = ‘ﬂf‘r—J arl =
7.40 pWh. (ii) @p = B- A= BA =L 1 (12 _ 2) = 2.27 yWh.

1. Consider the hemispherical closed surface in Fig, 1. The hemisphere is in a uniform magnetic
field that makes an angle & with the vertical. Caleulate the magnetic Hux through (i} the Hat
surface 57 and (i) the hemispherical surface Sa.

Solution (i) ®plg,, = B- A = BrR*cos(r —#) = —BrR*cos#. (i} The net flux out of the
closed surface is zero: ®plg,, + P8|oved = 0, hence &gl = BrR*cosf.
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This is a tough problem because there are two current loops, and each sliding rail acts like a
battery (a source of emf). So there's no way to avoid using Kirchhoff's laws:

Name the currentsas shown in the diagram: I, Iy
-— -
Left loop: +Bdv,-I,R,-I,R =0 x xflx ox x| ox ffx
8 - || x x 111 X ||=—>
Rightloop: +Bdv;-L,R, +I,R =0 0,=400 m/s|[x x x | x |[v3=2.00 m/s
Ri= =
At the junction: I=1+I, <l 50003 *|I*
L B~ - -4 =0 R,=10.0 Q R;=15.0 Q
Bdv, LR
- R FIG. P31.31
R R
Bdv;R, I,RR
So, Bdv,-I,(R +R))- R’ 2 ‘1;‘ 2 -0

.-\R -V R-\
I,=Bd ek Bl e upward
RR, +R\R; + R, R

(4.00 m/s)(15.0 Q)—(2.00 m/s)(10.0 Q)

1, =(0.0100T){0.100 m)[(5.00 Q)(10.0 Q) +(5.00 Q)(15.0 Q) +(10.0 Q) (15.0 Q)] i upward.
2




5. Two parallel rails with negligible resistance are 10.0 cm apart and are connected by a 5.00-12
resistor. The cirenit also contains two metal rods having resistances of 10.0 €2 and 15.0 2 sliding

along the rails (Fig. 5). The rods are pulled away from the resistor at constant speeds of 4.00 m/s
and 2.00 m/s, respectively. A uniform magnetic field of magnitude 0.01 T is applied perpendicular

to the plane of the rails. Determine the current in the 5.00-0 resistor.
|

Solution Name the currents as shown in Fig. 5: left loop, +Bdvy — IhRs — IT 7y = (); right loop,
+Bdug — I3l + L 7 = 0; and at the jll.LlCtiuIl. In=I1 4+ I3 Then, Bdve —IhiRe — I3l — 11 K = ﬂ_.
with [y = Z2 4 LA Hence Bedvy — I(Ry + Ry) — 24t — LB — ) yielding Ty

= 145 1A upward.,

wa Hs— g My
T4

rate of 120 rev/min (Fig. 1). A uniform magnetic field in all of the lower half of the figure is
directed out of the plane of rotation and has a magnitude of 1.30 T. (i) Caleulate the maxironm

Bd Hifa+RiRa+ R
3
1. A semicircular conduetor of radius B = (0.250 m is rotated about the axis AC at a constant
value of the emf induced in the conductor, (i) What is the value of the average induced emf for
each complete rotation? (4i) How would the answers to (i) and (i) change if B were allowed to
= 1.60 V. (i)

extend a distance R above the axis of rotation? Sketch the emf versus time () when the field is

as drawn in Fig, 1 and {v) when the field is extended as deseribed in (iii).
z

Solution (i) fmax = BAw = BrR%w/2 = 1.30 T- L - (0.25 m)? - 4.00r rad/s
;xa‘ dfl = %;,A’-“‘i fﬂz"r sind df = (). (#t) The maximum and average = would remain un-

mj

1
Ix
changed. (iv) See Fig. 2. {v) See Fig. 2.



6.A uniform but time-varying magnetic field B(t) exists in a circular region of radius a and is directed into
the plane of the paper, as showm in the figure. The magnitude of the induced electric field at point P at a
distance r from the centre of the circular region. [2000-2 marks]

Ans.
{b) Magnetic field B(t) is directed into plane of
the paper.
E;ﬂ = —{:’E Bit) p
dt
P lies outside the field.
i o
or E(27r)= E[B A)

=> einduitkomst F = 8 * 102N



8. Two infinitely long solenoids (seen in cross section) pass through a circnit as shown in Fig. 8.
The magnitude of B inside each is the same and is increasing at the rate of 100 T/s. What is the
current in each resistor?

Solution In the loop on the left, the induced emfis || = % = A% =m(0.10m) 10 T/s=nV
and it attempts to produce a counterclockwise current in this loop. In the loop on the right, the

induced emf is || = 52 = A48 = 7(0.15 m)? 100 T/s = 2.25 7 V and it attempts to produce a
clockwise cwrrent. Assume that [y fows down through the 6.00 €2 resistor, fs Hows down through
the 5.00 £2 resistor, and that Iy Hows up through the 3.00 2 resistor. From Kirchhofls junction
rule: 3 = Iy + Io. Using the loop rule on the left loop: 6.000; +3.0003 = 7. Using the loop rule on

the right loop: 5.0017 4 3.00J5 = 2257 Solving these three equations simultaneously, 1 = 0.062 A,
I» =0.860 A, and Iy =(.923 A.
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2. In the circuit shown in Fig. 1, let L = 7.00 H, B = 9.00 £2, and ¢ = 120 V. What is the
sell-induced emf (0.200 s after the switch is closed?

Solution Duplicating the procedure of problem 1 we obtain [ = f(1 — e~t/7). Since r =
L/iR = (.78 58, we have | = %{1 — ¢ 028) = 305 A. Now AVp = IR = 274 V and
AV = —AVr =026 V.



21. We create an Amperean loop of radius » to caleulate the magnetic field within the wire using Eq, 28-
3. Since the resulting magnetic field only depends on radius. we use Eq. 30-7 for the energy density
in the differential volume ¥ = 2arldr and integrate from zero to the radius of the wire.

el N I 3 I
-:ﬁB-dF—;fuIm —)B(Em]—ﬂo{ﬁl(m )—)B—F

=

u =£|.1:BdV=jRL(—‘u°IF;] 2m-dr=_*”°‘r; [Rr'}dr-= Hl
£ £~ ¢ 2 \2nR 4z R 70 167

4

26. (a) At the moment the switch is closed. no current will flow through the inductor. Therefore, the
resistors RBj and B> can be treated as in series.
€
R+ &
(b) A long time after the switch is closed. there is no voltage drop across the inductor so resistors
R, and R; can be treated as parallel resistors in series with Ry.

€=I(R +R,)—|I,=1,

I,=I1,+1I,. ¥=ILR +LR,. LR,=LR,

é-LR _, LR [ _ R,
R, - R ~ RR +RR +RR,
€
f LR _ R, LIl = (R, +R,)
R, |RR, +RR, +RR, ©  |RR+RR +RR

() Just after the switch is opened the current through the inductor continues with the same
magnitude and direction. With the open switch. no current can flow through the branch with
the switch. Therefore the current through R, must be equal to the current through Rs. but in the

opposite direction.
€ —%
i . I= K, . I =[0]
RR + KR, +RE, RR +RR +RR
(d) After a long time. with no voltage source. the energy in the inductor will dissipate and no
current will flow through any of the branches.

I, =1,=1I 2@

I,=

OF:

3. The switch in Fig. 2 is open for ¢ < 0 and then closed at time ¢ = (. Find the current in the

inductor and the current in the switch as functions of time thereafter.

Solution Name the currents as shown in Fig. 2. Using Kirchhoff's laws we obtain I} = I, + I,
100 ¥V — 4.00f; — 4.00f2 = 0. and 10.0 V — 4.000; — 8.0005 — l.{]l‘]%{?‘- = (). From the frst two
equations it follows that 10.0 V + 4.000; — 8005y = 0 and I; = 05003 + 1.25 A. Then the
last equation can be rewritten as 10.0 V — 4.00{0.50013 + 1.25 A) — 8.00f3 — 1.00 H%i—' = (],
yvielding 1 HE%E + 10,0 2fy = 500 V. We solve the differential equation to obtain Ii(f) =

o [1— e 10O RULODHT — .50 A [1 — &7 '%/%]. Then I; = 1.25+0.50/35 = 1.50 A—0.25 Ae™1%/%,
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(Niet exact hetzelfde)

6. Two inductors having self-inductances Ly and L, are connected in parallel as shown in
Fig. 3(a). The mutual inductance between the two inductors is M. Determine the equivalent self-
inductance Lq, for the system shown in Fig. 3(b).

Solution With I = I + Iz, the voltage across the pair is: AV = —L; %0 — MR = —[,42
- i r 4 ¥ - " N
.-H‘I—j% = —Leq%. Hence, —% = % -+ 1"—‘:% and —Lz% + ‘—j_.—“ f"‘ te %%{f = AV, viedling

1

il

(—Ly1La +M2)E = AV (L; — M). (1)
By substitution, —%{f - —‘ﬂ"Lz— + E% leads to
g dI
(—L1La +;sz)?: = AV(Lz — M). (2)

Adding (1) to (2), (—LyLy+M?)4 = AV(L, + Ly —2M), and therefore Lo, = — 77 = P sl
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14. The switch in the figure below 15 connected 1o position a for a long time interval. At ¢
= [, the switch is thrown to position b. Afier this tme, what are the following?

R d b L
AWy e—AH—
be
+
sl e L

(a) the frequency of oscillation of the L circmt. (b) the maximum charge that appears
on the capacitor. {c) the maximum current m the inductor. (d) the tolal energy the crout

[rOSSE55EE al b .

(a) I

EI'.|'=E

T |
rfw=ld ==

= f=
a~LC

Pl

2

(b} Maxmmum charge = charge in C just before the switch 1s thrown to position b
=Ce

(¢} Consivation of energy:

2 2
19w lLIfm o B

= - FTEE
D

il ¥ &

2 €C 2

(@) Consivation of energy = Total energy 15 constant, mdependent of time.

0 U= I {:.'-Il - iicﬁ'l]- i LEIE":
? il 2 C 2




33. (@) We write the oscillation frequency in terms of the capacitance using Eq. 30-14, with the parallel
plate capacitance given by Eq. 24-2. We then solve the resulting equation for the plate

separation distance,

1 1 B 2
2rf= J—= /7 =47’ de, FIL
ﬂ'—f Ic L( g, Af x] Ep

(b) For small variations we can differentiate x and divide the result by x to determine the fractional
change.

3 dc 4nde (2fdf)L  2d Ax  2A
dr =47 e, (2ff )L+ 2 =M:_f_> Ax N
X da Ag, f°L f by if
(¢) Inserting the given data. we can calculate the fractional variation on x.

2(1 Hz
Ax 2 )=2x10_ﬁ=0.0002%
b's 1 MHz

10. The energy of an RLC cireuit decreases by 1.00% during each oscillation when R = 2.00 1.
If this resistance is removed, the resulting LO circuit oscillates at a frequency of 1.00 kHz, Find
the values of the inductance and the capacitance,

Solution The period of damped oscillation is T = f—’: After one oscillation the charpe re-

. ] n _RT _|2'H ] v
turning to the capacitor is @ = Qmaxe™ 2% = Qmaxe 4, The energy s proportional to the
2w dm

charge squared so after one oscillation it is & = Upe i, Then e™=i = 1= which leads to

7
vielding 1.563 x 1057 = 3"-1 — E-}:'—_ or equivalently ;:-“: = 1.563 = 1002, We are also given
w =27 % 10°/s = —d=, which leads to LC = prmgrmm = 2,533 x 107° &%, Solving simulta-
neously, €' = 2.533 x 10~5 §?/L, yields =Lt = 1.563 x 10° Q% therefore L = 0.199 H and

(= 2.53:-%x1_[i * & — 197 nF.

.12
2w Zas = Goes _BwElE - = i R
220 — In(1.0101) = 0.001005. It follows that Lwy = ;232 = 12500 = L (F =)
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(gelijkaardige oefening, niet iedentiek)

3. (i) For the series RLC' connection of Fig. 4, draw a phasor diagram for the voltages. The
amplitudes of the voltage drop across all the circuit elements involved should be represented with
phasors. (i) An RLC eircuit consists of a 150-0) resistor, a 21-uyF capacitor and a 460-mH induetor,
connected in series with a 120-V, 60-Hz power supply. What is the phase angle between the current
and the applied voltage? (i) Which reaches its maximum earlier, the current or the voltage?

Solution () For the series connection, the instantaneous voltage across the system is equal to the
sum of voltage across each element. The phase angle between the voltage (across the system) and
the current (through the system) is: ¢ = arcl,auil-—ji'—x"—. In Fig. 5 the phasor diagram for a series
RLC cireuit is shown for both the inductive case Xy > X and the capacitive case X < X, On
the one hand, in the inductive case, Vg r > Vo, we see that ‘.7'[. leads ﬂ] by a phase ¢. On the other
hand, in the capacitance case, Vo > V., we have that fn leads 'l?n by a phase & (i) From the
definition, the inductive reactance of the inductor is Xy = wl =27-060 Hz-0.46 H = 173 2. From
the definition, the capacitive reactance of the capacitor is X~ = alr = D Hz-zllxm - = 126 1
The phase angle between the voltage (across the system) and the current (through the system) is:

= a.rctaﬂ'—."‘iiiﬁ = arctan%%’ﬁ—ﬁ = 17.4°% (i) The voltage leads the curvent.

N | =
Vio Vio |

=k ! .
VC'U-I‘ Vﬂﬂl"

Figure 5: Phasor diagram for the series RLC cirenit for Xp > X (left) and Xy < X¢ (right).



(a)

77

7

(&)

(¢)
(d)

The rms current is the rns voltage divided by the impedance. The impedance 1s given by Eq.
30-28a with no capacitive reactance.

Z=\R+X} =R +(2xfL) .
Vlms Vrms

Imls=_= = T
z \/R‘+4fr‘f‘f \{{965(2}'+4;?r1[60.OHz}_{0.225H)_

120V

The phase angle is given by Eq. 30-29a with no capacitive reactance.

X 2 27(60.0Hz)(0.225H
g= i g WL 5 200 ) ) =[5.027]
R R 96502

120V

The current is lagging the source voltage.
The power dissipated is given by P=1_ R=(0.124A _}j (965Q)=|148W

The rms voltage reading is the rms current times the resistance or reactance of the element.

V. =I_R=(0.124A)(9650)=119.7V ~

R
V., =1_X,=I_2rfL=(0.124A)27(60.0Hz)(0.25H)=(10.5V
T,

Note that. because the maximum voltages occur at different times. the two readings do not add
to the applied voltage of 120 V.



