Problem 1 GPN2-L06
GP2-1L.26 PO1: A beam contains 2.0 x 10° doubly charged positive ions per cubic

centimeter, all of which are moving north with a speed of 1.0 x 10° m/s. What are the
(a)magnitude and direction of the current density J ? (b)If the corss-sectional area 1s 20
cm?, what is the total current? (02/)\E8)

(a)magnitude of J, |f\= A/m?2

01: ANS:=6.4
(b)current, 2= A
02: ANS:=0.256

Solution:

J = (2 x10%)(3.2 x 1071)(1.0 x 10°) = 6.4

i = JA = 6.4 x (0.2)* = 0.256



Problem 2
How long does it take electrons to get from a car battery to the starting motor? Assume the
current 1s 300 A and the electrons travel through a copper wire with cross-sectional area

0.21 em? and length 0.85 m. The number of charge carriers per unit volume is 8.49 x 10%°
m 3. (01/)\E8)

wn

03: ANS:=8.1E2

We use vy =_J'ne = i/Ane. Thus,

L L LAne (0.85m) ('D.llxlt]'“ 1113} {S.-ﬁxlﬂla -'1113) (l.ﬁﬂxlﬂ'w C}
= = = =

v, il Ane i 300A
=8.1x10% s =13 min.




Problem 3
The magnitude J(7) 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 is in

meters, J is in amperes per square meter, and B = 2.00 x 10° A/m?>. This function applies

out to the wire's radius of 2.00 mm. How much current is contained within the width of a
thin ring concentric with the wire 1f the ring has a radial width of 10.0 gm and is at a radial

distance of 1.20 mm? (01/)\Z8)

= A
04: ANS:=1.81E-5
Solution:

i = [JdA = [ Br(2nr)dr ~ Br(2nr)Ar = 2nBr*Ar = 18.1A.



Problem 4
What 1s the resistivity of a wire of 1.0 mm diameter, 2.0 m length, and 50 m{2 resistance?

(01/)\E)

(2 m

05: ANS:=2.0E-8

The resistance of the wire 1s given by R=pL/ A. where p is the resistivity of the
material. L 1s the length of the wire, and A 1s its cross-sectional area. In this case.

A=nr’ =n{050x10° m) =785x107 m’.
Thus,
RA (50x10°Q) (7.85x107" m’)

L 2.0m

=2.0x107°Q-m.




Problem 5

Two conductors are made of the same material and have the same length. Conductor A is a
solid wire of diameter 1.0 mm. Conductor B 1s a hollow tube of outside diameter 2.0 mm
and 1nside diameter 1.0 mm. What 1s the resistance ratio R 4/Rp, measured between their

ends? (01/)\z§)

R, /Rp=

The resistance of conductor 4 is given by
06: ANS:=3.0
i, Pt

A
=y

where ry is the radius of the conductor. If r,, 1s the outside diameter of conductor B and r;
- . : - . % . 2 I . . ;
15 1ts inside diameter. then its cross-sectional area 1s w(r,” — r;7). and its resistance 1s

The ratio 15

K, ,r"f —rf" B (1.{}111111]: —{{],5{}111111]:

R, ry (0.50 mm):



Problem 6
A potential difference of 3.00 nV is set up across a 2.00 cm length of copper wire that has a

radius of 2.00 mm. How much charge drifts through a cross section in 3.00 ms? (01/]\E8)

C
0/: ANS:=3.35E-7

First we find the resistance of the copper wire to be

- (1.69%10° Q-m)(0.020 m g
R:Pi=( _3]( y }=2.59xm'-“ﬂ.
A m(2.0x107 m)

With potential difference V'=3.00 nV . the current flowing through the wire 1s

_V_3.00x10°V
R 2.69x107Q

i =1.115x107*A .

Therefore. in 3.00 ms. the amount of charge drifting through a cross section is

AQ=iAt=(1.115%107"A)(3.00%107% ) =3.35%107'C .



Problem 7

An electrical cable consists of 125 strands of fine wire, each having 2.65 p € resistance.The
same potential difference 1s applied between the ends of all the strands and results in a total
current of 0.750 A. (a) What 1s the current in each strand? (b) What 1s the applied potential

difference? (c) What is the resistance of the cable? (03/)\E8)

(a) Ji\

08: ANS:=6E-3
(b) V
09: ANS:=1.59E-8
() .

10: ANS:=2.12E-8

(a) The current in each strand is i =0.750 A/125=6.00 x 10~ A.
(b) The potential difference 1s V= iK'= (6.00 x 107 A) (2.65 % 107° 0)=1.59 % 10° V.

(¢) The resistance 15 Ry = 2.65 % 10°0Q/125=2.12%x10° Q.



Problem 8

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 is the resistance of the heating co1l? (¢) How
much thermal energy is produced in 1.0 h? (03/]\E8)

(a) 4 (a) The power dissipated. the current in the heater, and the potential
11: ANS:=10.9 difference across the heater are related by P = iV, Therefore,
b Q SR
(b) .:le-hﬂ‘&?:mgﬂ.
12: ANS:=10.6 V. 115V
(c) ] (b) Ohm’s law states V = iR, where R1is the resistance
fogs ARG eate of the heater. Thus,
s . = :E: 11}". :1ﬂlﬁﬂl
i 109 A

(¢} The thermal energy E generated by the heater in
time t=1.0h=3600s1s

E=Pt=(1250W)(3600s)=4.50x10°1J.



Problem 9

A 120 V potential difference 1s 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? (02/)\E8)

(a) O .

(a) From P = V¥ Rwe find R = V¥ /P= (120 V)*/500 W=28.8 Q.
14: ANS:=10.9
(b) 1/s (b) Since i = P'V. the rate of electron transport 1s

15: ANS:=2.60E19 i { 500 W

12
== ——————=260x10" /s
e eV (1.60x107"° C)(120 V)
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