7.1 _rtr7dd - w
& =7 (ﬁ‘) == X (turns x area) x B
N max cm? gauss
Sfafvol‘i")
= 2mx 30y (4000 X 144T) X .5
3 x 10"

= .0057 statvolt

d@
. : = [ = = WX\t S X aréa ) x B
in S.T. 7‘6 . (dl ) o (+urn % )

volt m? tesla

2m x 30 x (4000 x .0447) x .5 % 1074

.71 wvolt

| 7-3l Within q circle of radius r the flux is mr2?B,

6 = L(éi - wnrtB
'max € \dt - &
& wrB _ 2r x 2.5 x10%x 3 x 4
Eo=2qr = "2c ° 2x3x 10

1]

0.003| statvolt

5
121 6 =%%(B-8) I=% = gx (B,-B,)

The force on the loop is : F =I§'w - IBC‘W = Icyv (Bn'Bz)

Rate at which work must be done to move the loop is
Fv = ;_“;_‘l" (Bu = Ba) = I?R

In Fig. 7.14 the energy which is dissipated in the
stationary loop has to be supplied by whatever agency is
moving the coil. A force is required to move the coil
because of the magnetic field arising from the induced
current in the loop.



[_'?JI 1200 turns

CM . ___)T%cm | ampere in the coil causes
k———EoS_c}.__ﬂ T a field inside the coil of

2

magnitude B = ‘—%T' x| x '—z%% = 7.55 gauss
flux x turns = PN =T x5*x 7.55 x 1200 = 7.] X |O5
L (henrys) = 08 x 71 %105 = 1.1 x10™> henrys

We have neglected the fact that the field inside the

solenoid is not constant. It decreases near each end, so
that the flux through the last turn is only about half that
through a turn in the middle . This means that we have
over- estimated the inductance. We might expect the error
to be roughly 9,—2‘%?;55 , or ~5% in this example. [zn
fact, the error is only 27 in this case, as one can
discover by referring to tables which give exact values for

the inductance of cylindrical coils .]

‘_7'_‘2_. With I amperes in ring #|, the field a distance b

I down -the axis is:
¢ - Q B e 2matl
b 10 (a?+b*) %/2

#) H2

This is an application of Eq. 641, p.227, with a replacing
[ ' '
b, b replacing z, and 7 replacing < since I is in
amperes. For b» a this can be approximated :
B = 2mMa?l
I0b3
and also, for b>»a, we can neglect +he variation of B over
the interior of ring #2. Then:

w2 _ 2Tm2at1
9, =B = 5

The mutual inductance in henrys is 10°
2m* x 10 a*

M= — = henrys

2 o




T s e T
& .|I55¢c-’i

= 1200 amp,
0.5 10> henry ol —
I= I,ﬁ - e_%t) = lzoo(l- e %)
I=09TI, for e - o
t = 0.115 sec

20t = jwe 10 = 2.230

I= 1080 amp at t= 0.115
. . ! 2 | -3 2 '
Magnetic field energy =z LI* =3 (05 %10 )(1080)° =292 joules

between t=0 and t= .15

Energy supplied batte

9‘/;:5 PP by r.'):;s -R¢ 6T, L 23

=] 6Idt = &I, ("’"- )dt-'-"'ﬁ"‘ (1-¢e7)dx
0 0 4

[}
].“f X |2 x 1200 = 1008 JOUIES
20

= Li""‘ [% + e":"']zl3 = el I;.L. [23+01-10]= 14 6.._-0——:; =




7] Let v be the instantaneous velocity of the bar.

~|lLdd® - ¢ - 18| _ Bbv
lel = |z §2| = ¢ Bbv I"Rl"‘Rc
' _ IbB _ b*B*v
The force on the bar : F = ¢ T TRel
F=-m 3‘:’%’- (minus because the force opposes +he motion)
dv B?b? , .
T = “Rmez dt Integrating both sides :
v = _s:n’zzt+cons+an‘l'. If v=v, at t=0
-t,
we have : v:v:,e/'r, where"l":%amg—:'

The velocity decreases exponentially — in that sense, the
rod never stops moving. But the distance i+ travels

. ' o . m - =
s Finite : % =jvd’t. = f'V; e t/Tdt- = Tvo
(4] 0

The initial kinetic energy of the rod, T mv;" , Is
transferred to the resistor as heat :

o0
..‘_ 2 - 2 - » -
7 MV, ..f RI dt , as can be easily verified -
4]

I=1,e%T = Bb% e "

Rc
b 2,22 2;3.. %2
2 _Bbv,fn—zt/'r BBV Yy mv,?
!RI it = "R J € at = g (T)= O

7'6] The current I in the moving frame is proportional

to &/R. The resistance R is proportional to
resistivity /(rod diameter)?. For given B, the electro-
motive force & is proportional to the frame's velocity v,
and the force F which must be applied to maintain that
velocity is proportional t¢ I . Thus, other things being

constant, 5 (rod diamete r)?
resistivity

F o VR ¢ v

A force of 2N will pull the frame out of the field in
0.5 sec. A brass frame of the same dimensions would
be pulled out in | sec by 0.5N. The aluminum frame
of | cm diameter rod would be pulled out in | sec by a
force of AN.
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a = 10v
—-J:'Pv 5 g 3 -
T 38 ~ .
n
L

before switch opened ;
pe Just after switch opened

Current through inductance cannot change abruptly |
= OJI h

Circuit on right is with L =
and R = 200 ohms
0.5 millisec.

_Ry
I=I,e" ; I,=.2amp. LJR =
A4
Va
-30v
7.18 = 2 - -1 dd Nma? dB
2 2
a=[1at - - Rre fde a ST
eR Js cR



|_7.20 \'n'ngz ring | With current I in the
Y] 2| o o outer ring the Flux

- IR, ,(_ AR, through the inner ring,
"'—“R.-j for R®>R,, is :

2 ZTTI _ 2“7.1 Ri
§z|=“Rz‘ cR, or @m - c Tl_ . Suppose. we

change R, fto R, + AR, , by expanding the outer ring
while holding I constant. The resulting change in @,, is:

_ 29 _ 2n*I R?
A@m - QRTIQRJ S c 'ﬁ?' AR,

Now consider a current I in the inner ring, ring 2.
Let B be the field strength at the radius of the outer
ring, R, . I¥ we now expand the outer ring by AR, the
flux ®,, decreases by just the amount of Flux between

+he circle of radius R, and the circle of radius R,*AR,.
(Problem 7.19 explained why it is a decrease.) The change
in flux is a8, = -B- 2TR, AR, since
2m R,AR, is the area between the circles.

Our theorem &, = @z, guarantees that Aﬁ,z =AD,,

Hence: _ 2m’1 _igv.-z.. AR, = =B -2TR,AR,
' 2 . .
Solving for B: B = ____5_12?'1 or more generally, B = _L._"CR”I

ot any point in the plane of the ring where r>> R,



|_721] Assume current I Flows in the outer solenoid . The field

inside, approximately uniform In the region occupied by
. . ' 4L Nz
+he inner sgleno:d , 18 B =% 5~. We have assumed
here that 3% is so large that we can use the formula
for an infinite solenoid. We can refine this by using
Eq. 644, page 228, to calculate the field at the center
of a finite solenoid of length b, , radius a,. The cor-
rection factor is su'mply cos (-fgn"' 2;:) or bz \’b:-r&]a: .
This will still not
lead us to an exact result, for the inner coil includes a
finite volume in which the field strength varies somewhat.
But for the proportions shown in the Figure, the approxima~
tion will be pretty good. The flux linking the inner coil is
§,=ma’BN, or 4TI NiNza’ ( ba
C bz Vb + qaii

. a T
Since &, = -l??%i = -Mg_f 5 Ve
have , in C6S units, M = 47*N,N;a}? (__E_t___)
c* b, Vbl +4a2

To express M in henrys, replace t+he constant E'T‘ by 07
47* x 10 NNz a N
M= "8 + qat enrys

| 7,2:4] . -3 _ B%e—tesha
Energy density in J;“ j 2Mee—HTx 07
04
For B =04tesla, U =Z2xgnxio? = 64 x109Tm3

To estimate _[Udv we’ll assume B is uniform through the
interior of the solenoid and zero outside . The volume is
(T/4)x .81 m*x 2.2m or 140 m® giving 9 x 103 for
the total stored energy. [A more accurate estimate
could be made, if it were needed, by consulting a
‘Table of the inductance of finite solenoids, calculating
the current required fo produce the given central field,
and then computing LI?/2. The result, when that
is carried out in this case, is 8.% x10% J,
fortuitously close to the approximate esfimafe.]



L 7_'28__I R =0 B = 2ml - 4mI
ag c(alz2) = " ca

B* _ 2nI® . g )

8w  cZat volume = X 5 Ta

z )
stored energy = AL c,];
decay time =
1rrIz

ohmic dlSSIPaTlOH =

8] 3 x| Oa Cm -2 16 -1
- = = sec g =10

time = 2w x 10" sec = 2000 centuries

21maco

c!



729 Neglecting the inductance and resistance of +he
two rings and the leads, the charge in the capacitor C,
at any time t is Q =&, (cos 2mft) C,.

Since I = %% y I= -2wf6,Cpsin 2mft. The two rings
are in series and this current flows in each. Assume
h«& b so that we are justified in computing the force
between the rings as if they were parallel straight
wires, with force per unit length = 3—21,:— . The length
is 2wb, sothe force pulling the upper ring down (note

currents are in same direction) is Fp = 4rb 12 or

C%h
F = %}E (2nf 6,C.)" sin? 2nft

The time - average of sin? Znft is simply =
Hence t+he average force is

F = smbf*&’C,

" Ik
In the capacifor at the left the electric field strength
is: E = 6¢os 20 ft  The downward force on the
upper plate s E? x areaq, 2

2

gmw E? a
or Fe =‘§'ﬁ‘TTC‘|?' = ‘3"’5?' cos’“ZwFt

The +ime average of cos®*2mft is 7, SO
E = a6

. 6 s
This can be expressed interms of +he capacitance

. . Ta? a? T :
C, , which is 2=== or = . Su.bsﬁ'fu'hng fors:

E =6
e " Ta

When the forces are balanced (which might be
brought about by varying Cz2) » we have F, = F,
“ct _ gmbf2El
: a® hc?

Solving for ¢

C = (ZTT)% a (%)-i f __g_'z_)




