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8" Ed [CH26) Ohm’s Law
o Bd [CH26]) Current and Resistance

8™ Ed : Homework of Chapter 26 :
3,7,9,11,13,17,23,27,33,37,43,47, 33



8" Ed [Problem 26-3] : 9" Ed [Problem 26-3]
A charged belt, 50cm wide, travels at 30m /s between a source of charge and a sphere: The belt
carries charge into the sphere at a rate corresponding to 10044 . Compute the surface charge

density on the belt.

T B 50 5 AEEREERYER IR LA 30m / s fif AT - 7 T Es oy (H B BRESE 2] 100 124 -

<fif> : We adapt the discussion in the text to a moving two-dimensional ¢ollection of charges. Using
o for the charge per unit area and w for the belt width, we can see that the transport of

charge 1s expressed in the relationship i = cvw, which leads to

: 100x10° A °
c = L , . 2 =67)49 o
v (30 Il’l/ S) (50 X 10_ nl)




8" Ed [Problem 26-7) : 9" Ed [ Problem 26-5]
A beam contains 2x10° doubly charged positive ions per cubic centimeter, all of which are
moving north with a speed of 1x10°m/s .What are the (a) magnitude and (b) direction of the

current density J (¢) What additional quantity do you need to calculate the total current 7 1in this

1on beam?

— N FL AN EE 2x 10 HEER R T TG & R LUEE 1x10°m /s [m) e8] -
B Y (a) F/NFD (b)) AAE > (¢) fFEEsETH S - (REEAHE AN E ?

<@#> ' (a) The magnitude of the current density is given by J =ngv,, where 7 is the number of
particles per unit volume, ¢ 1s the charge on each particle, and v, ‘s the drift speed of
the particles. The particle concentration is 7 =2x10°/cm’ =2%10" m™, the charge is
g=2e=2(1.6x10""C)=3.2x10""C
and the drift speed is 1x10’m /s . Thus,

J=(2x10"/m)(32x107 C)(LOx107.m/s)=64 A/m’.

(b) Since the particles are positively charged the current density 1s in the same direction as
their motion, to the north.
(¢) The current cannot be calculated unless the cross-sectional area of the beam 1s known.

Then i=.J4 can be used.



8" Ed [Problem 26-9] : 9" Ed [Problem 26-13]
How long does 1t take electrons to get from a car battery to the starting motor? Assume the current
is 3004 and the electrons travel through a copper wire with cross-sectional area 0.21cm” and

length 0.85m . The number of charge carriers per unit volume is 8.49x10%m ™.

(S EBFEFEE)  BEFETEE/0EM 2 FEEERE 3004 fIETHB—Eg - H
EEEEE02lem’ ~ £ 0.85m - SETEEEERN THIEHE 8.49x10%m™ -

J i
<ﬁ§> - ‘'We use Vv, =—=—. Thus,
ne Ane

I L Idne (o.ssm)(0.21><10‘”nf)(8.47><1038/m~*)(1.60><10‘19c)
r‘g_mne_ i 300A

1 an2 . .
=8.1x10"s=13min.




8" Ed [Problem 26-11) : 9™ Ed [Problem 26-9]

The magnitude J(r) of the current density in a certain cylindrical wire is given as a function of
radial distance from the center of the wire’s cross section as J(r) = Br, where r 1s in meters, J 1s
in amperes per square meter, and B =2x10"4/m". This function applies out to the wire’s radius of
2.00 mm. How much current 1s contained within the width of a thin ring concentric with the wire if

the ring has a radial width of 104m and 1s at a radial distance of 1.20 mm?

H—HARERENEE X/NE J()  (EEFEE A O BV EERER] UG — (8 A
J)=Br »Hffr BB m  JEBB A/m” > B=2x104/m’ - I HEZCEARE ﬁ;‘i‘#‘l =
2mm N 0 INEFH —(EAEEEEE 0um - SEEEERE [ 2mm » 2 ENEESEN

<fi#£>: We note that the radial width Ar=10um is small enough (compared.to r =1.2mm) that we

can make the approximation J‘Br2m'dr = Br2zrAr

Thus, the enclosed current is 27Br°Ar=18.1uA4. Performing the integral gives the same

answer.



8™ Ed [Problem 26-13): 9™ Ed [Problem 26-11]

What is the current in a wire of radius R =3.4mm 1f the magnitude of the current density 1s given

by (a) J,= and (b) J,=J,01 —%), in which r is the radial distance and J, =5.5x10%4/m*?

(¢) Which function maximizes the current density near the wire’s surface?

N STE A ~ == T = | r
R EE R=34mmPJER /N MR EREER (a) J,= -
thr BIEAEERE - J, =5.5x10"4/m” ? (o) FEITEGFET - WERKEIRS T EREE 2
<fi#2> ! (a) The current resulting from this non-uniform current density is

J, ¢R 2 2 , ,
i=|  J,dd =?0j0 r2xrdr==—aR*J,==m(3.40x107m)*(5.50x10* A/m?)
cylinder 3 3 .
=1.33 A
(b) In this case,
_ R o 1 5 1 T A=3 2 104 2
i=| deA=J‘ Jo| 1=——= 2xrdr =—7 R J;==—m(3.40x107 m) " (5.50x10" A/m~)
cylinder 0 R 3 3
=0.666 A.

(¢) The result 1s different from that in part-(a) because J, 1s higher near the center of the

cylinder (where the area is smaller for the same radial interval) and lower outward,

resulting in a lower average current density over the cross section and consequently a

lower current than that in part (a). So, J_ has its maximum value near the surface of the

wire.



8" Ed [Problem 26-17) : 9" Ed [ Problem 26-19]

What 1s the resistivity of a wire of 1.0 mm diameter, 2.0 m length, and 50m€2 resistance?

H > —EZ lmm ' £ 2mm ° BB 50mQpyE[HE ] 9

PL

<fi#> ' The resistance of the wire is given by R = , where p 1s the resistivity of the material, L

1s the length of the wire, and A is its cross-sectional area. In this case,

A=m* =7(050x107 m) =785x107 m®.

4 (50x107°Q) (7.85x107" m’
Thus, p= ’a_ ( ) ( ) =2.0x107°Q -m.
L 2.0m




8" Ed [Problem 26-23) : 9" Ed [ Problem 26-27]
Two conductors are made of the same material and have the same length. Conductor A 1s a solid

wire of diameter 1.0 mm. Conductor B 1s a hollow tube of outside diameter 2.0 mm and inside

R

diameter 1.0 mm. What is the resistance ratio —= , measured between their ends?
B

M {EE e ERYE - TEEMERREE - 5 A 28 0% > B lmm - H{E B
—EZ=.0E > FMER 2mm > I lmm - HIE W MEYRmES - FEHILE — S ?

- . . .. PL . . .
<f#>: The resistance of conductor 4 is given by R, =-—, where r, is the radius of the conductor.

nr,

If r,1s the outside diameter of conductor B and 7; 1s 1ts 1inside diameter, then 1ts

. . 2 2 . . .
cross-sectional area 1s 7(r,” —7;"), and its resistance 1s R, =

o2 _ 1-;.2 (1_0mm)2 -~ (0.50 mm)2 30
— = o.U.

R, 7 (0.50 mm)’

The ratio 1s

e



8" Ed [Problem 26-27) : 9" Ed [Problem 26-29]

A potential difference of 3.00 nV 1s set up across a 2.00 em length of copper wire that has a radius

of 2.00 mm. How much charge drifts through a cross section in 3.00 ms?

—E& 2mm > £ 2 Aol 0 BPETHIENZE R 30V 0 ffETE 3ms [H > & fEm @Y & A

Fofa] ?

<ﬁ§§> :

First we find the resistance of the copper wire to be

oo PL (1.69x10™° Q-m)(0.020 m)

, — =2.69x107 Q2.
A 7(2.0x107 m)

With potential difference 7 =3.00 nV, the current flowing through the wire 1s

. V_3.00x 107V

R 2.69x107°Q

Therefore, 1n 3.00 ms, the amount of charge drifting through a cross section 1s
AO =iAt=(1.115x107"A)(3.00x107 s)=3.35x 107 C .

=1.115x107A .




8" Ed [Problem 26-33] : 9" Ed [ Problem 26-31]
An electrical cable consists of 125 strands of fine wire, each having 2.65742) resistance. The same

potential difference 1s applied between the ends of all the strands and results in a total current of

0.754 . (a) What 1s the current in each strand? (b) What 1s the applied potential difference? (¢) What

1s the resistance of the cable?

— R 125 BAERER - BAEE 2.650QEM - [FRAELZ S IIHERTE B R
A > SR AR BRI F5/0:754 - (a) —%’:Elﬂﬁz%—‘ﬁﬁ’k@nnﬁem ? (b) B—illRE M0
=B 7 (c) HmAEH R

0.754

<f#> ! (a) The current in each strand is 7= =6x107 4

(b) The potential differenceis ¥V =iR =(6x107"4)(2.65x10°Q)=1.59x10"°V
_2.65x107°Q

= =2.12x10°Q
125

(¢) The resistance is R



8" Ed [Problem 26-37) : 9" Ed [Problem 26-37)
Show that, according to the free-electron model of electrical conduction in metals and classical

physics, the resistivity of metals should be proportional to JT , where T 1s the temperature in
kelvins. (See Eq. 19-31.)

St RS i B AT B A B ER TR » & By EIHSEER VT FOEH:
T BIRE > B kelvins « ( B G1EF 1 19-31) ¢

<fi#> : From Eq. 26-25, pot « v, - The connection with v, 1s indicated in part.(b) of Sample
Problem 26-6, which contains useful insight regarding the problem we are working now.

According to Chapter 20, v o« JT. Thus, we may conclude that p o« JT.



8" Ed [Problem 26-43] : 9" Ed [ Problem 26-45]
A 1250 W radiant heater 1s constructed to operate_at.115 V. (a) What 1s the current in the heater

when the unit 1s operating? (b) What 1s the resistance of the heating coil? (¢) How much thermal

energy 1s produced in 1.0 h?

— (@& 1250 W HYEEET INEas B2 115V R IAE (a) INEE(E LIERRYERLEME 2 (b) I
BapERIERSM ? (o) —NREF L FReESE ?

<fi#> ! (a) The power dissipated, the current in the heater, and the potential difference across the

heater are related by P =iV . Therefore,

P 1250 W
i=—4= =109 A.
Vv 115V
(b) Ohm’s law states 7 =iR, where R 1s the resistance of the heater. Thus,
Vo115V
£ — = =10.6 €2.
i 109 A

(c) The thermal energy £ generated by the heater in time 7 =12 =3600s 1s
E =Pt=(1250W)(3600s)=4.50x10°J.



8" Ed [Problem 26-47] : 9" Ed [ Problem 26-53]
A 120V potential difference is applied to a space heater that dissipates 500 W during operation. (a)
What 1s its resistance during operation? (b) At what rate do electrons flow through any cross section

of the heater element?

— @& 120 {REVEERLZ fIE— @2 INEEs - BRBEEERIAFE 500 I - (a) E{EEEHHY
EHRM 7 (b) B idhEa Vel far = B e ?

v’ . V: (1200
<f#> ! (a) From P=— wefind R=—= ( ) _ 28.8Q2 .
R P 500
. . P . .
(b) Since i= 17, the rate of electron transport 1s
P 500 W
- =2.60x10" /s.

e eV (L.60x10"° C)(120 V)



8" Ed [Problem 26-53] : 9" Ed [ Problem 26-51]

Wire C and wire D are made from different materials and have length L_ =L, =1m . The resistivity
and diameter of wire C are 2x10°Q-m and 1.00 mm, and those of wire D are 1x10°Q-m and
0.50 mm. The wires are joined as shown in Fig. 26-35, and a current of 2.0 A 1s set up in them.
What 1s the electric potential difference between (a) points 1 and 2 and (b) points 2 and 3? What 1s

the rate at which energy 1s dissipated between (¢) pomts 1 and 2 and (d) points 2 and 3?

Bk C MEM D BIAEBMERN  MAEE L. =L, =1n - Eff C BYE[HERS
2x107°Q-m » EEE Imm < ZFFE D B1x10°Q-m M1 0.5mm - FAEFUIE 26-53 fH & 1E
i 2A BB o A (a) B TAORE2 > (b) B 2 F08L 3 BYENZE 7 () BhF LADRL 240 (d) B
2 FMIBG 3 HUREE 1BFEZR 7

<fif> : (a) We use Eq. 26-16 to compute the resistances:

C 2 (2.0x10°Q m)——m0B 5550
g 7(0.00050 m)~
The voltage follows from Ohm s'llaw: |V, -V, |=V.=iR.=(2.0 A)(2.55Q)=5.1V.
(b) Similarly, R, = p, L2 2(10%10° Q- m)—D___5090
T 7(0.00025 m)~
_ _ C
and |V, -V, |=Vy=iR,=(2.0A)5.09Q)=102V =10V W\ D 0
(¢) The power is caleulated from Eq. 26-27: P.=i*R. =10W . 1, Ij Ly—

o 5 ([ 26-53)
(d) Simuilarly, P, =i"R, =20W .



