Problem 9.1

v = B,S coswt
dt
emf :—Nd(BOdStcoswt):a)NBOSSinai

Theinduced voltage (emf) isemf =130x50x0.06x (0.3x0.4)sin13Q = 46.8sin13%

Thus amplitude of the induced voltage equals46.8V .



Problem 9.3
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Since B isnot afunction of space, then it is uniform.

v =[ B.ds=[ (-06,).(~4dydz) = 0.6t xS
S S

(since B isuniform and normal to the area, then the flux equals B times the area. The minus sign in dsis
needed because the normal to the areaistaken in the negative x direction. Thisis due to the choice of the
emf polarity shown in the figure).

w =—0.6t x(-10x10™") = 0.6t x10°
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The current in the circuit | = = -40x10° A

V,=IR,= -40x10° x5=-0.200x10°V =-02mV

V,=IR, =-40x10°x10= -0.400x10°V =-0.4mV



Problem 9.5
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Only motional emf exists, because the current and thus the magnetic field is time-invariant.

3x10° .. ~
*=4,).d pa,)

emf =p@xB)d = emf = T (34, x

9x10°

emf = Tz (-3

p=0.6

B} B} 2
a,).d pa,)=-27x10° In%: 2.966x10°° = 29.66 1V

[The integration limits were taken from p = 0.6 to p =0.2 (not the other way around). The reason for

thisisthe choice of emf polarity shown in the figure. If the emf polarity is defined opposite to the one
shown in the figure, the limit should be taken form p=0.2 to p =0.6 and the emf will be negative].

Because the emf is positive, then A is ahigher potential than B.



Problem 9.6

emf =uBL =(80x10%)x(70x10°)x 2.5=14V



Problem 9.8

w =BS (because B isuniform and normal to the areg).

Thearea S keeps changing with time. Therefore, we need to first find an expression for thearea S .
dy 2 . .

u=—=2coslt = Yy =—38nl0t +c =0.2sn10t +cC
dt 10

Assuming y(0)=0 = c¢=0
y =0.2sin1

The area equals width time length, therefore:

S =5x(10+y) =510+ 0.2sin10t) =50+sin10t

w=BS =y =6x10"°cos(10t)x (50+ sin10t)

emf = —c:j—th —[-60x107%sin(1(t )] x (50 +sin1Qt ) —[6x 10~ cos(1(t )] x (10cos1t)

emf =60x10°sin(1Q ) x(50+sin1Qt) - 6x107° cos(1Q ) x (10cosl )
emf =3sin(1)+60x103sin?10 —60x107° cos’*(1(t)
emf =3sin(10t)-60x10°cos20t V

(note that the polarity of the emf is defined such that the plus sign is at the bottom of the moving bar and
therefore the normal to the areais taken in the plus x direction).



