4.1] Electron current
density = Je = ¥, = 10" (-€) Ve
Je = 10"x4.8x10"x 10%= 4.8 x107 esu/ecm?sec

Ji= 2%x5%10°% 48 x10°x10" = 4.8 % 0% W

J =de TJ0

Tveet = 107 % 4.8 x 107 + 4.8 x 10° = 3.87x10" “J,

Toouth = TOT x 4.8 x10% = 3,39x10° @ =tan ' 22 - 438°

il

9
J=VN3%, # I, = 5.4 %10 esu/cm® sec =

3.39

2
171 amperes [em

4,2

240 meters

8
Each electron makes 2X10 mefersisec _ | 55 x 10® round

trips per second. Charge passing any point, per second,
=1.25 % 10°% 10" x4.8x107° = 6 x 10' esu/sec or .020 amp .

L= 230 x (%) x 2000= 382 x10%esu [sec

4.3 ;‘.T E = 40 statvolts/cm TTotal 0 on belt (bo’rh
2B,  sides)= z2xzgs = 2 esu/cm?
|7 Current carried by 30 cm wide belt with
«—|—5 speed 2000 cm/sec:
E

= 0.127 milliamp

[ 4.4 ]

(@) R =—Grea

length 3 x 10%m x 3 x 10°ohm - cm

= 30000 ohms

X resisﬁvi’ry = I (M/4)% (.073)% cm?




4.6] For constant volume L & 1/d? since resistance
Ret | /d?*, reducing d by the factor 3/4, +hus
increasing L by 16/9, increases R by (i6/9)* or 3.16 .
An overall increase in L by the factor 2 would
increase R by #4.00 .

The ratio of conductivities, 7.2/1 and

the ratio of layer thicknesses, 1/2,
I5 all that matters. Let's take
Oag = ng =1 and consider the cube
thatis 1/3 silver , 2/3 tin. For

vertical currents +he layers are
In series and resistances add :

l 2
Pi=5+%5%72=5133 0 =5 = 01948

For horizontal currents the layers are in parallel

| 2 |
Ty =3 *3 X33 =04259 O fc, = 04566

4.3 R = £A£ = 10°cm x 1.7 x IO-6 Ohm-Cm/A

‘\J cross- section of wire ; not given,
but i+ will cancel out

current density JT=V/AR =V/LpP = 6/[.17 amp/c_m2
J=neV T=J/ne = (6/.!7)/(8x 107" % 1.6 % 10")

10° cm

-
=~ X
.002.3 cm/sec CRN T

= 0.0028% cm/sec t =

~ | year



4.9

N=10°cm™; m=10%"gm

T = mean free time = L/v = 10"%sec

o= €Nt
m

= (4.8%x107°)% x 10°x10® = 2.3 x |0® sec”!

'0-27
. . 12 -3 - =30
same calculation in ST : N=10"m?~°; m=10"Kkg ;
e =16x10" coulomb O will be in (ohm-m)™" .
1942 2 ~é _ _
g = ("6 X 10 l) >;°|O x 10 = 2.5 x IOZ(ohm—m) l
0"

= 2.5 x 10" (ohm - cm)”

4.10] Mass of OH or OH} =~ 3 x 10 ~gm
e?Nt ) _ mo “4 -
0= £ gives T=123 0= 36x10"sec
-23 4
x 10 7" x 3.6 %10 13
Then T = >

07 %X 25 % 105 = 5 X |0 sec

-8
Distance travelled at 5 x 10" cm[sec : 2.5 X 10 cm

411 R = 25 %200 = 5000 ohms
A A “~—_cm?
J=V/RA = 12/5000 amp/cm?
= (12/5000)/ 1.6 x 1077 jons/cm?/sec = NV

n= 2x2x10%cm2 =6%x10®°cm™2

|2
5000 % 1.6 x 10" x & x 102°

Vv = J/ne =

[}

25 x 10> cm/sec



From Fig. 4.10 o= 0.3 (ohm -cm)™ ond

N, =N_ = 10" cm™>. We shall assume that

m, = m_= 107 gm. In CGS units of sec™,

o= 03/| I x 107" sec” = 2.7 x 10" sec™ . Solving
Eq. 20 for T, we obtain in This case :

-27 1 -
T = ma ___IO X 2.7 X 10 =6XIO‘3
2e*N 2x 23 x |07%° x 10'®

4.13 \ ¢ = .3 volt = .00l statvolt
E,= -92 | LL

x— d% , '|

= - 0.l sTa’rvoH- cm

9= 5(x+.0)} If’=‘-'- dzcv _ 5 esucm-a

T LT 77 Tam gxt T 2w
(?:O _____ _ = ,0I

x ==01 X*=O

4“" o Zezn’C T = om

Soom 2etn

- 5 -

in CGS: 0.3(chm-cm)™ = ..9_?_:-..2- sec”! - 105 em?

1072 -13
T = (l | X 10~ IZ) (2 X (L’. 8 % lo-m)Zx 'O|5>= 59 x 10 sec

B S I

Y - -3
in SI: 0'3(0hm"Cm)'=3O(ohm—-m)‘ n=10 m
-30 =|0-3O kg
_ 30 x 10 _13
T =7x (L6 x 107192 x 102! = 549 x |0 " sec
MM—/\—/\/\/\M—/\—MN\A
vTU =

9 x 10"®cm, more than 300 +imes +he distance
between neighboring silicon atoms.



4.16 R, (Ro"' R')

R, Solve for R,

Re = R+ (Ro¥RY

2B4R, + R, = RgR, +RE+2R[+ R R,=R,/V3

4.|7

=122v R;

)

fe——-12.3v —3 k—— 9.8 v —]|

98v = 05 x T I= 19.6 amp
2.5
(123-98)v =IR;  R{=jg%ams = O-128 ohm
4.8

Let P = power dissipated in
resistor R
2
2 & & R
P=I'R I=R+g, P'(Rum?-

_d_P__&z (R+RL) "ZR(R"'RL) 8 R
dR ~ (R+Ry)* (R+ R._)"‘

dP
’ dR

For R =R, dP = 0. Also

iR <0 For R>R; , and

jg s 0 for R<Ry. Hence this is condition for

maximum P.



4.19 R, = 20 ohms & = 1.5 volt

__— Full scale deflection for I .=50uamp
The current I in the
external circuit will be

0.1 amp, in order of

E( magnitude., if adding 15 ohms
¢ B cuts it in half. This is
R, 1 < very much larger than

W%R 504 0mp. This tells us the

R B resistance R, must be &R,
2 so that nearly all of the

current I is shunted through R,.

I/I=R/(R+R)= R,/R. In the external

circuit, R, «R;, so that I = &/(R,+R). If I isto

be half as large for R= 15 ohms as for R=0, then

R, must be |5 ohms and the current is O.I amp

when R=0. This is to cause I.= 50uwamp :

R,/Re = IJI = 50x10%0.1 = 5x 107"

R, = 20x 5 x 10t = 0.0/ ohm.

The error introduced by neglecting R, in the
external circuit could be eliminated by reducing
R, from 15.00 +tvo 14.99 ohms , while +he error in
neglecting R, compared fo R, would be eliminated
by increasing R, to .010005 . Neither refinement
would ordinarily be justified.

R =5 ohms will give l5/(|5+5) , or 3[4 of
full scale deflection (+o the 37.5 wamp mark).
R = 50 ohms will send 1.5 uamp through the coil .



4.20| b b

20 3y 170
50
a a C
1o c o
Rab: 10+ 20 = 20 24 (170 +85)[ 289 = 30
Rpe© 20 +50=70 170 (85 +24)/ 289 = T0
Reg: S0+ 10 =60 85 (34 +170)/ 289 = 60

Notice also that the potential assumed by a free
terminal when the potentials at the other two
terminals are fixed is the same for +he +wo boxes.
They are indistinguishable by external electrical
measurements,

4.2|

open circuit voltage short circuit current
= |.5+1.5-3x09 =lI0ma-75ma =2.5ma
= 0.3 volt (B positive) (from B to A)
l 120 ohms
&£=02 voH'+ equivalent circuijt
[ O




422

|20v
ll 60v
20 ohms
10 —
10 ,
Thevenin
equivalent
IS Ad Circuit B
Ad 5 :
open circuit short+ circuit
voltage = 60v current = 3 amp

For max.power in R: R= 20 0hms ; P = 45 watts

42%

If E = | statvolt/cm, charge on | cm? of sheet
is \/4m. It will be neutralized by a displacement
d of the electron cloud such that ned = I/4m.

d= — = 17 % 10 em.

-

O'qqqqqq ampere i

The capacitance of the isolated box must
be roughly that of a sphere
<2 intermediate between the inscribed
< and the circumscribed sphere —
say 6 cm radius. C=6 cm = 6 x 10" farads
This object is acquiring positive charge at the rafte
of 10 amperes or 107 coulomb/sec .

dv _ | l - |
x-C 2?; = TX 10" x|0° = g X 10° volts/sec,

Hence the potential will rise by 1000 volts in
6 milliseconds.



425 d@ ~t/re

Eq. 34 p.160 I=a—— =-—?2—/—9€

At any instant after t =0, the power dissipated in
2 -2t/Re

0

the resistor is P=I°R =} €

00 oo
The totfal energy dissipated is f Pdt = f _\_é_z e_Zt/RC dt
co o 0
_Y% Rcf -x

| 2
=2 =5 CV.

R > oe ax 2 C o
Suppose we have a | microfarad capacitor charged
to0 100 volts. Q= CV = 107 coulombs. One electron
charge is 1.6 % 10" coulombs. If t, = RC is the

time constant, we shall have one electron left

-t 1.6 x 107" -t -
when e/t°=——To~_Tr—>°r —Ezl’/rvl.éxlO's
[-]

This gives t =t,x 2.3 dog,, (6x10") = 34t, . So
if +he time constant were =~ | sec, wed be
down to "one electron" in a little over half a minute!

4,26 N
= [) 1%
x=0 %=1

r= a+(-l?l?-9)x dx:—é—i’-’a dr




4.27 The first missing term in the numerator

must be R,R3R4 (the term lacking R;).The symmetry
of the products of pairs can be indicated as follows -

from which we see that the
second ? in the numerator
is R,Ry and the ? in the
denominator is R,Ra . Recf

R, R, R, +R RRy + RR3R,+R,R,R, +Rs (R R3+RRy +R Ry + R,Ry)
R' R"‘- + R'R‘f + R1R3+R3Rq +R5(R| +R, + R3 +Rq)

— WA — W
(a) R5=O o— ! 5 2 —0 R=:'RR3 + 22+R£
MA Ma 1 TRy 2" 7Y
3 4
- R,RzR3 + R,R2Ry + R,R3Ry + RyR3Ry ., which
R,R, + RyRy + R,R; + R3Ry
agrees with the formula with Rs =0 .
—V/VW— ANV
l 2 (Ri+R,) (R3+Rq)
= 00 | —o0 R=
(b) RS O——1 | R' N Rz " R3+ Rq
3 4

which agrees with the formula when Rs — 00

2 RzRq )
© R, =R,=0 <»<{::~o R=Rop  Thi

[
agrees with the formula when all terms containing
R, or R; are dropped. The value of Rs doesn't
matter ; it is short circuited anyway.






