27

Current and Resistance

CHAPTER OUTLINE

27.1 Electric Current

27.2 Resistance

27.3 A Model for Electrical Conduction
27.4 Resistance and Temperature

27.5 Superconductors

27.6 Electrical Power

* An asterisk indicates a question or problem new to this edition|

ANSWERS TO OBJECTIVE QUESTIONS

00Q27.1 Answer (d). One ampere-hour is (1 C/s)(3 600 s) = 3 600 coulombs.
The ampere-hour rating is the quantity of charge that the battery can
lift though its nominal potential difference.

0Q27.2 (i) Answer (e). We require pL/A, =3pL/A;. Then A, /A, =1/3.

(ii) Answer (d). 7271’A2/7'L'1’B2 =1/3 gives r,/r, = 1/4/3.
0Q27.3  Therankingisc>a>b>d>e. Because

(@) I=AV /R, so the current becomes 3 times larger.

(b) P=IAV =I°R, so the currentis +/3 times larger.
(c) Ris1/4aslarge, so the current is 4 times larger.
(d) Ris2 times larger, so the current is 1/2 as large.

(e) Rincreases by a small percentage, so the current has a small
decrease.

00Q27.4 (i) Answer (a). The cross-sectional area decreases, so the current
density increases, thus the drift speed must increase.
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(ii) Answer (a). The cross-sectional area decreases, so the resistance
per unit length, R/L = p/ A, increases.

00Q275 Answer (c). [=AV/R=1.00V/10.0 2=0.100 A=0.100 C/s.
Because current is constant, [ =dg /dt =Agq/ At, and we find that

Ag=T1At=(0.100 C/s)(20.0 s)=2.00 C

0Q27.6  Answer (c). The resistances are: R, = pL/A = pL/nr*,

R, =pL/m(2r)* =(1/4)pL/nr*, R, = p(2L)/7(3r)* =(2/9)pL/nr? .
0Q27.7  Answer (a). The new cross-sectional area is three times the original.
pL3)_pL _R

3A 9A 9
0Q27.8  Answer (b). Using R, =10.0 Q at T = 20.0 °C, we have

R=R,(1+0AT) or
_R/R,-1  10.6/10.0-1

AT (90.0°C-20.0°C)

Originally, R = % Finally, R ;=

o =8.57x107*°C™!

At T =-20.0°C, we have
R=R,(1+aAT)
=(10.0 Q)[ 1+8.57 x10*°C™"(-20.0°C-20.0°C) | = 9.66 Q
00Q27.9 Answer (a). R=V/[=2V/2 A=1Q.

0Q27.10 Answer (c). Compare resistances:

R, _pL,/nd, /2 L, d _(2L;) d

Ry pLy/m(dy /27 Lyd,” Ly (2d,)

_2_1
42
P, AV?/R, R
Compare powers: —+ = 2/ A=—L=2.
P, AV?/R, R,

2p; )L
0Q27.11 Answer (e). R, = % = % = 2R, . Therefore,

P, AV?*/R, Ry 1

P, AV?/R, R, 2

0Q27.12 (i) Answer (a). P = AV?/R, and AV is the same for both bulbs, so the
25 W bulb must have higher resistance so that it will have lower
power.

(i) Answer (b). AV is the same for both bulbs, so the 100 W bulb
must have lower resistance so that it will have more current.
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202 Current and Resistance

0Q27.13

Answer (d). Because wire B has twice the radius, it has four times the
cross-sectional area of wire A. For wire A, R, = R = pL/A. For wire B,

R, = p(2L)/(4A) = (1/2)pL/A = R/2.

ANSWERS TO CONCEPTUAL QUESTIONS

CQ27.1

CQ27.2

CQ27.3

CQ27.4

CQ27.5

CQ27.6

Choose the voltage of the power supply you will use to drive the
2

heater. Next calculate the required resistance R as Ave Knowing

the resistivity p of the material, choose a combination of wire length

and cross-sectional area to make (%j = (Bj . You will have to pay
P

for less material if you make both ¢ and A smaller, but if you go too
far the wire will have too little surface area to radiate away the
energy; then the resistor will melt.

Geometry and resistivity. In turn, the resistivity of the material
depends on the temperature.

The conductor does not follow Ohm'’s law, and must have a
resistivity that is current-dependent, or more likely temperature-
dependent.

In a normal metal, suppose that we could proceed to a limit of zero
resistance by lengthening the average time between collisions. The
classical model of conduction then suggests that a constant applied
voltage would cause constant acceleration of the free electrons. The
drift speed and the current would increase steadily in time.

It is not the situation envisioned in the question, but we can actually
switch to zero resistance by substituting a superconducting wire for
the normal metal. In this case, the drift velocity of electrons is
established by vibrations of atoms in the crystal lattice; the maximum
current is limited; and it becomes impossible to establish a potential
difference across the superconductor.

The resistance of copper increases with temperature, while the
resistance of silicon decreases with increasing temperature. The
conduction electrons are scattered more by vibrating atoms when
copper heats up. Silicon’s charge carrier density increases as
temperature increases and more atomic electrons are promoted to
become conduction electrons.

The amplitude of atomic vibrations increases with temperature.
Atoms can then scatter electrons more efficiently.

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Chapter 27 203

CQ27.7  Because there are so many electrons in a conductor (approximately
10” electrons/m”) the average velocity of charges is very slow. When
you connect a wire to a potential difference, you establish an electric
field everywhere in the wire nearly instantaneously, to make
electrons start drifting everywhere all at once.

CQ27.8  Voltage is a measure of potential difference, not of current. “Surge”
implies a flow—and only charge, in coulombs, can flow through a
system. It would also be correct to say that the victim carried a
certain current, in amperes.

SOLUTIONS TO END-OF-CHAPTER PROBLEMS

Section 21.1  Electric Current
*P27.1  The drift speed of electrons in the line is

I
nga  nle|(nd” / 4)

Ud:

The time to travel the 200-km length of the line is then

L Lnld(nd*)
T

At

Substituting numerical values,

(200x10° m)(8.50x10* m)(1.60x 10" C)x(0.02 m)’
4(1000 A)

1

*P27.2  The period of revolution for the sphere is T = %, and the average

current represented by this revolving charge is [ = % = Z—w .
T
P27.3 We use I = nqAv,, where n is the number of charge carriers per unit

volume, and is identical to the number of atoms per unit volume. We
assume a contribution of 1 free electron per atom in the relationship
above. For aluminum, which has a molar mass of 27, we know that
Avogadro’s number of atoms, N, has a mass of 27.0 g. Thus, the mass

per atom is
270¢g 270 g
m = =
N, 6.02x10%

=449x10 g/atom
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204 Current and Resistance

Thus,

- P _ density ofaluminum _ 270 g/cm®

m mass per atom 449%107% g/atom
n=6.02x10” atoms/cm® =6.02x 10* atoms/m’

Therefore,

N 5.00 A
" ngA  (6.02x10® m™)(1.60x 10 C)(4.00x 10 m?)

=1.30x10" m/s

or, v,=|0.130 mm/s |.

P27.4 The period of the electron in its orbit is T = 27r /v, and the current
represented by the orbiting electron is

;A0 _ld_old
At T 2rnr

(2.19x10° m/s)(1.60x10™ C)
27(5.29%10™ m)

=1.05x107 C/s=[1.05 mA |

P27.5 If N is the number of protons, each with charge e, that hit the target in
time At, the average current in the beam is I =AQ / At = Ne/ At, giving

I(AH) (125x107° C/s)(23.0s
N= (af) _ ( — X ) =11.80x 10'® protons
e 1.60x10™" C/proton

P27.6 (@) From Example 27.1 in the textbook, the density of charge carriers
(electrons) in a copper wire is 1 = 8.46 x 10* electrons/m”’. With
A=nr® and |q|=e, the drift speed of electrons in this wire is

I I

= nlql A B ne(mr?)

3.70 C/s
(8.46x10% m>)(1.60x10™ C)7(1.25% 107 m)’

=15.57x10" m/s

(b) [The drift speed is smaller because more electrons are being|
conducted.| To create the same current, therefore, the drift speed
need not be as great.
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P27.7 From [ = C;—?, we have dQ =1 dt.
From this, we derive the general integral: Q= de = JI dt

T
In all three cases, define an end-time, T: Q= J.O I Oe‘t/ 'dt

Integrating from time t = 0 to time ¢t = T: Q= JOT(—IOT)e’”T (—?j

We perform the integral and set Q =0 at ¢ = 0 to obtain
Q= —Ior(e’”’ - eo) = Ior(l —~ e’T”)

(@ IT=r: Q(r)=1I,z(1-¢")=[(0.632)I,7

(b) IT=107: Q(107)=1Ir(1-¢)=[(0.99995)I,

© IfT=o:  Q(eo)=It(l-e")=|I7

Lo o0& o5 ia/m
A 7(4.00x10° m)

P27.8 @) J=

(b) |Current is the same.|

(c) The cross-sectional area is greater; therefore fthe current density is|

(d) A,=4A, or a7ar =4nr SO r, =21, =[0.800 cm|.
(e) |I=5.00A

® J,= i]l = %(9.95>< 10* A/m*)=(2.49x10* A/m’

P27.9 We are given g = 4> + 5t + 6. The area is

,\(1.00m ) 4
A=(2.00 cm?) =2.00x10"* m
100 cm
dq 2
(@) 1(1.00s)=—1 = (126> + 5)\ =[170 A
t 421,00 s t=1.00 s

I 17.0 A
—= 08 850 KA/m?
A 200x10* m

(b) J=
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206 Current and Resistance

1
P27.10 (a) We obtain the speed of each deuteron from K = Emv2 :

6 -19
v:\/z:\/z(z.oomo )(1.1(3><10 1) 1 38x107 m/e
m 2(1.67x107 kg)

The time between deuterons passing a stationary point is ¢ in
1=1 , SO
t

;4 _ 1.60x10™" C

= — =1.60x10™" s
I 10.0x10° C/s

So the distance between individual deuterons is

vt = (1.38 x 10" m/s)(1.60 x 10 s) = | 2.21x 107 m

(b) One nucleus will put its nearest neighbor at potential

yoka_ (8.99x10° N-m*/C*)(1.60x10™ C)
o 221x107 m
=6.49x107° V

This is very small compared to the 2 MV accelerating potential, so
repulsion within the beam is a small effect.

I 8.00x10° A

P2711 (a) J=—= =[2.55 A/m’
A 7(1.00x10° m)’
(b) From | =nev, we have
2.55 A/m’
n=d - 55 Ajm = [531x10° m™

ev, (1.60x10™ C)(3.00x10° m/s)
(¢) From I= %, we have

_AQ N,e (602x10%)(1.60x10™ C)
1 8.00x107° A
=11.20x10" s

At

(This is about 382 years!)
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P27.12  To find the total charge passing a point in a given amount of time, we

d
use [ = d—{z , from which we can write

1/240 s
q=Jdg=[I1dt= [ (100 A)sin(lzom]dt

0 S
-1 1
q= 00 C cos| Z |- cos0 |= T e _ 0.265 C
1207 2 1207

P27.13  The molar mass of silver = 107.9 g/mole and the volume V is
V =(area)(thickness) =(700x10™* m*)(0.133x10”° m)
=9.31x10° m’
The mass of silver deposited is
my, = pV =(10.5%x10° kg/m?)(9.31x10° m?)
=9.78x107 kg

And the number of silver atoms deposited is

N=(9.78x107 kg){ 6.02x10* atoms ][ 1000 g)

1079 ¢ 1kg
=5.45%10% atoms
The current is then

I_g_u.ov
TR 180Q

The time interval required for the silver coating is

_AQ Ne (545x107)(1.60x10™ C)
11 6.67 C/s

=1.31x10* s=[ 3.64 h |

=6.67 A=6.67 C/s

At

Section 27.2  Resistance
P27.14  From Equation 27.7, we obtain

I:ﬂ=w=o.500A: 500 mA
R 240 Q
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208 Current and Resistance

*P27.15 From Ohm’s law, R=AV /I, and from Equation 27.10,
R=pt/A=pt/(rd”/4)

Solving for the resistivity gives

[z, _[xd’ (AV)_ 7(2.00x10° m)’ (9,11 vj
P2 )" 7 N1 )7 4(500m)  |\360A
=159%10"° Q-m
Then, from Table 27.2, we see that the wire is made of [silver].

P27.16 AV =IR and R= %ﬁ The area is

1.00 m

2
) =6.00x 107 m?

From the potential difference, we can solve for the current, which gives

0.900 V)(6.00x 107 m?
A pt  (5.60x10° Q-m)(1.50 m)

I=]643 A

P27.17 From the definition of resistance,

AV 120V
R=—= =18.89 Q]
I 135A

P27.18 Using R= % and data from Table 27.2, we have

2
Lo, Ly a1 _ Pai

u 2 p Al 2 2
ey YN Tcu  Pcu

Pc

which yields
Tw _ [Pa :\/2.82><108 Qm_ o
re. \pey V1.70x10° Q-m

P27.19 (a) Giventotalmass m=p, V=p Al — A= %, where
P

p,, = mass density.

RoPL__ Pl _pp,l
A mipl m

Taking p = resistivity,
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Thus,
,_ [mR_ (1.00x10™ kg)(0.500 Q)
“\pp, \(1.70x10° @ m)(8.92x10° kg/m’)
=[1.82m
b) V="t, or mrif=_—-
pﬂ’l pm
Thus,
-3
r= [ 1'02><10 fg ~1.40x10* m
wp,! \7(8.92x10° kg/m*)(1.82 m)

The diameter is twice this distance: diameter =| 280 um

P27.20 (a) Giventotalmass m=p, V=p Al — A= %, where
P

p,, = mass density.

RoPL__ Pl _pp,l
A mipl m

Taking p = resistivity,

Thus, /(= m_R .

PP,

(b) Volume V = ﬂ, or

pﬂl
lope-m
4 P

1/2 12 5 12
d:\/Eﬂl :\Eﬁ/% :\/E n’ pp,
T\ p, ! m\p, VmR m |\ p2 mR

(e "
\= p,.R

P27.21 (a) From the definition of resistance,

Rzﬂ— 120V =[13.0 Q

I 925A
(b) The resistivity of Nichrome (from Table 27.2) is 1.50 x 10°Q . m.

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



210 Current and Resistance

We find the length of wire from
R=Pl_ Pl
A mr

solving for the length ¢ gives
R (13.0Q)7(2.50x10° m)’

=== =[170 m|

p (1.50x10° Q-m)

Section 27.3 A Model for Electrical Conduction

*P27.22 (a) nis | unaffected |-
(®) Wl=— eI soit [doubles |
(©) J=nev, so v, | doubles |.

(d) 7=-— is | unchanged |as long as 0 does not change due to a

temperature change in the conductor.

_J _600x10"° A/m*® _
“E 100 V/m

*P2723 J=0E so

6.00x10™ (Q-m)™" |.

P27.24 (a) From Appendix C, the molar mass of iron is
M;, =55.85 g/mol =(55.85 g/mol)(1 kg/10° g)

=15.58x107 kg/mol

(b) From Table 14.1, the density of iron is p;, =7.86x10°> kg/m’, so
the molar density is

Pr. _ 7.86x10° kg/m’
M, 5.58x107 kg/mol

=11.41x10°> mol/m’

(molar density)Fe =

(c) The density of iron atoms is

density of atoms = N, (molar density )

= 6.02x10% m)(uuxlof’ mOIJ

mol m®

¢ atoms

m3

=18.49 x 10
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(d) With two conduction electrons per iron atom, the density of
charge carriers is

n = (charge carriers /atom )(density of atoms)

electrons atoms )

=|2 —j(8.49><1028

3

atom m

=11.70 x 10* electrons/m’

(e) With a current of [ = 30.0 A and cross-sectional area
A =5.00 x 10° m’ the drift speed of the conduction electrons in
this wire is
I 30.0 C/s
ngA  (1.70x10%” m™)(1.60x10™ C)(5.00x 10 m*)

Ud:

=1221x10™* m/s

P27.25  From Equations 27.16 and 27.13, the resistivity and drift velocity can be
related to the electric field within the copper wire:

and

eE eE m E
Vy=—T=——75=—— - E = pnev,
m m pne~  pne

where 7 is the electron density. From Example 27.1,

- Nape, _ (6.02x10% mol™)(8 920 kg/m?) _ 8465 10% m
M 0.063 5 kg/mol

The electric field is then

E = pnev,
E=(17x10° Q-m)(8.46x10® m™)
x(1.60x10™ C)(7.84x 10 m/s)

=[0.18 v/m|
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212 Current and Resistance

Section 27.4  Resistance and Temperature
P27.26  R=R,[1+a(AT)] gives
140 Q=(19.0 Q)[ 1+ (450 x 107/°C) AT |
Solving,
AT =1.42x10° °C=T -20.0°C

And the final temperature is T=1.44x10" °C

P27.27  If we ignore thermal expansion, the change in the material’s resistivity
with temperature p = p [1+@AT] implies that the change in resistance

is R— R, = R,0AT. The fractional change in resistance is defined by
f=(R-R,)/R,. Therefore,

f= ROgAT = 0AT =(5.00x107° °C™")(50.0°C—25.0°C) =
0
*P27.28 At the low temperature Tc we write
AV
R.= 1. =R[1+a(T. - Ty)]
C

where T, = 20.0°C. At the high temperature T,

AV AV
h ZTZE:RO[H(X(R -T,)]
Then,
(AV)/(1.00 A)  1+(3.90x107 (°C)™)(58.0°C - 20.0°C)
(AV)/I.  1+(3.90x107 (°C)™")(-88.0°C —20.0°C)
and I.=(1.00 A)(% =[1.98 A|.

P27.29  We use Equation 27.20 and refer to Table 27.2:
R=R[1+a(T-T,)]
=(6:00 Q)| 1+(3.8x 107 (°C)™)(34.0°C~20.0°C) |
=
P27.30 (a) From R = pL/A, the initial resistance of the mercury is
R _PL_ pL__ (9.58x107 ©-m)(1.000 0 m)

_ - -[1220
A md; /4 7(1.00x10° m)’ /4

i
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(b) Since the volume of mercury is constant, V=A,-L, = A, -L; gives
the final cross-sectional area as A; = A, -(Ll. /L; ) Thus, the final

. . pL, _ PL . .
resistance is given by R, = = AL The fractional change in
f i

the resistance is then

AR _R =R R, . pL/(AL) . (L ’ .
R R R pL/A Ry’

1 1 1

AR [100.040 oczmj2 e
R

_— =|8.00x 10~* increase
100.000 Ocm

*P27.31 (a) The resistance at 20.0°C is
1.7%10° Q-m)(34.5 m
R, )(345 m)

=299 Q
A 7(0.25x107° m)’

and the current is

AV 9.00V
[==C= =[3.01 A]
R, 3.00Q

(b) At 30.0°C, from Equation 27.20,
R=R,[1+a(AT)]
=(2.99 Q)[l + (3.9 %107 (°C)™ )(30.0°C - 20.0°C)} =3.10Q

The current is then

AV 9.00V
=== =[2.90 A]
R, 310Q

P27.32 (a) Werequire two conditions:

4 l
-ttt

where carbon = 1 and Nichrome =2, and for any AT

R= l:zlf; (1+ AT+ ’;;f; (1+a,AT) [2]

Setting equations [1] and [2] equal to each other, we have

pily | Pty _ Pty Pyt
+ = 1+ 0, AT )+—=—=(1+a, AT
ot ot omr? ( 1AT) r? ( AT)
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simplifying,
PlV ol pl%+ Pty o, AT + & " Pyt o, AT

A \2\ A Tr r?

p2 AT— pl
7177’ 71'1’

PoLy0 = —pyly0y [3]

The two equations [1] and [3] are just sufficient to determine /,

or ~—a,AT, which gives

and /,. |The design goal can be met|

(b) From Table 27.2, o, = -0.5x107°(°C)” and o, = 0.4x 107 (°C)™".
Use equation [3] to solve for 7, in terms of /,:
p1 &
1, =-2121y
Copa !
then substitute this into equation [1]:
R= pl +P2/{ Py O‘l ] pl(_ﬂjfl
}/ a, Ty a,
(3.5 x10°Q m) | ~05x107
7(1.50x 10 m)> 04x107
— (,=0.898 m

and so

10.0 Q=

pyo,  (35x10°Q-m) [_0,5 %107

== h 0.4%10°

=— - (,=262m
p, a, (1.50x10°Q-m)

Therefore,

P27.33 (a) The resistivity is computed from p = p, [1 + oc(T - TO)]:
p=(2.82x10" Q-m)[1+(3.90x10™ °C")(30.0°C) |

=[3.15%10° Q m|

(b) The current density is

0.200 V/m 1Q-A
= E:E: =16. 1 6 A 2
I=ok=y (3.15x10’8§2-mj( v ) 635x10" A/m
(c) The current density is related to the current by | = % = %
rr

I=](7r?)=(635x10° A/m?)| 7(5.00x10° m)’* | =
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(d) The mass density gives the number-density of free electrons; we
assume that each atom donates one conduction electron:

L[ 270 % 10°kg )( 1 mol [ 10°g \( 6.02 x 10* free e
m’ 2698 g )\ kg 1 mol

=6.02%x10%® e /m®

Now | = nqu, gives the drift speed as

o 6.35x10° A/m?
©Tng T (6.02x10% e /m’)(-1.60x10™" C/e")

=|-6.59x10™* m/s
| |

The sign indicates that the electrons drift opposite to the field and
current.

(e) The applied voltage is AV =E¢=(0.200 V/m)(2.00 m)=[0.400 V.
P27.34  For aluminum,
o =3.90x107° °C"' (Table 27.2)
and a=240x10" °C" (Table 19.1)
The resistance is then
R_PL_ po(1+0:AT)((1+0AT) . (1+0,AT)
A A(1+aATY " (1+0AT)
1+ (3.90 x107 (°C)™ )(120°C —-20.0°C)
1+(24.0x 107 (°C)™)(120°C-20.0°C)

=(1.23 Q)[
=[1710]

P27.35 Room temperature is T, = 20.0°. From Equation 27.19,

Pa = (po)Al |:1+06A1 (T_TO)] = 3(P0)Cu

Then, substituting numerical values from Table 27.2 gives

T—TO=L[M—1}

(xAl (pO)Al
_ 1 3(1.7%x10° Q-m)
S 39x10° (°C)7"| 2.82x10° Q-m
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216 Current and Resistance

and solving for the temperature gives
T -20.0 °C=207°C
T =|227°C

where we have assumed three significant figures throughout.

Section 27.6 Electrical Power

*P27.36 (a) P=(AV)I=(300x10° J/C)(1.00x 10> C/s)=|3.00x10° W

A large electric generating station, fed by a trainload of coal each
day, converts energy faster.
p P

b) I[=—=—01
(b) A

P=I(rr*)=(1370 W/m?)[7(6.37 x10° m)*|=| 1.75x 107 W

Terrestrial solar power is immense compared to lightning and
compared to all human energy conversions.

*P27.37 P =0.800(1500 hp)(746 W/hp)=8.95x% 10° W
Then, from P =IAV,

P 895x10°W _
AV 2000V
P27.38  From Equation 27.21,

P=IAV =500x10° A(15x10° V)=|7.50 W

I= 448 A

P27.39 (a) From Equation 27.21,
P=IAV —1=P/AV =(1.00x10° W)/(120 V)=
(b) From Equation 27.23,
P=AV?/R—R=AV?/P=(120 V)’ /(1.00x 10* W)=
P27.40  From Equation 27.21,
P=I1AV =(0.200x10" A)(75.0x107 V)

=15.0x10° W=
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P27.41  From Equation 27.21,
P=IAV =(350x10" A)(6.00 V)=[2.10 W

P27.42  If the tank has good insulation, essentially all of the energy electrically
transmitted to the heating element becomes internal energy in the
water: AE =E Our symbol E represents the same

internal) (electrical)* (electrical)

thing as the textbook’s Ty, namely electrically transmitted energy.

Since AE ; iomay = MCAT and E =PAt=(AV) At/R

(internal (electrical

where ¢c=4186]/kg-°C

the resistance is
(AV)? At (240 VY’ (1 500 s)
R= = =[6.53Q
cmAT (4186 J/kg-°C)(109 kg)(29.0°C)

P27.43 From P=(AV) /R, we find that

(AV) (120 v)?

R="—Fp—="Toow =144
The final current is
3 AVf 140V

; = 0972 A
R 1440

The power during the surge is

(av,) (40 vy
R 144 Q

=136 'V

So the percentage increase is

136 ‘fgg 5\90 W_ 0.361=(36.1%

P27.44  You pay the electric company for energy transferred in the amount
E = PAt.

(a) PAt=(4OW)(2weekS)( 7d j(24hj[ k )(o.nwj
1week /\ 1d /{1000 )\ kWh
[51]

) Par=(970 W)(3 min){ j(lﬁ,‘ooj(oﬁvlﬁ}

60 min
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(©) PAt=(5 200W)(40min)( Lh )(1500)(%3\/17?)2

60 min
P27.45 (a) The total energy stored in the battery is
AU, =g(AV)=1t(AV)

= (55.0 A-h)(12.0 V)(llAC.s)(l if]cj(l \1/\/]5)

=660 W-h =| 0.660 kWh

(b) The value of the electricity is

$0.110
Cost =(0.660 kWh =| $0.072 6
ost =( (o)

P27.46 (a) The resistance of 1.00 m of 12-gauge copper wire is
pl_ pt 4pr 4(17x10° Q-m)(1.00 m)
T A z(d2) wd (0.205x107 m)
=52x10" Q

The rate of internal energy production is

P=IAV=1’R=(20.0 A)’(52x10° Q)=

4(2.82x10° @-m)(1.00 m
_2pf_ ( X 0m) _ g 54x10° @
nd 7(0.205x 107 m)

(b) R

P=IAV =IR=(20.0 A)’(8.54x10"° Q)=[3.42 W

(c) |It would not be as safe. If surrounded by thermal insulation, it

would get much hotter than a copper wire.

P27.47  The power of the lamp is P=IAV =U / At, where U is the energy
transformed. Then the energy you buy, in standard units, is

U = AVIAt

=(110 V)(1.70 A)(1 day)(lzjl:;j(?) 6ﬁ0 Sj(vljcj(ics)

=16.2 MJ
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In kilowatt hours, the energy is
U = AVIAt

-n0vya 7w s 20 (1S
=4.49 kWh

So operating the lamp costs (4.49 kWh)($0.110/kWh) = ($0.494 /day|.

P27.48  The energy taken in by electric transmission for the fluorescent bulb is

3600 s

PAt=11 J/s(100 h)( ):3.96><106]

cost=3.96x106]($0'110)( K J(WSJ( h J:$o.121
kwh Jl1000 \ ] 36005

For the incandescent bulb,

PAt =40 W(100 h)(3600 s): 1.44x107
cost=1.44x10" ] $O—112 =$0.440
3.6x10°J

savings = $0.440—-$0.121 =| $0.319

P27.49  First, we compute the resistance of the wire:

_pt (1.50x10° Q-m)25.0 m

—=298Q
A 7(0.200x10”° m)

The potential drop across the wire is then
AV =IR =(0.500 A)(298 Q)=149 V
(@) The magnitude of the electric field in the wire is
_AV 149V
¢ 250m

(b) The power delivered to the wire is

P=(AV)I=(149 V)(0.500 A)=[74.6 W

597 V/m

() We use Equation 27.20 and Table 27.2:
R=R,[1+a(T-T,)]=(298 Q)[ 1+(0.400x 107/°C)320°C |
=337 Q
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To find the power delivered, we first compute the current flowing

through the wire:
Izﬂzw:0.443 A
R 337 Q
then,

P=(AV)I=(149 V)(0.443 A)=[ 66.1 W |

P27.50  The battery takes in energy by electric transmission:

PAt=(AV)I(At)=(2.3 J/C)(13.5x10™ C/s)(4.2 h)(S 201? S)
=469 ]
It puts out energy by electric transmission:

3600 s

(AV)I(At)=(1.6 J/C)(18x 107 C/s)(2.4 h)( ) =249 7

useful output  249]

: = =10.530
total input  469]

(a) efficiency =

(b) The only place for the missing energy to go is into internal

energy:
469 ] =249 J+ AE,,
AE,  =|221]
(c) We imagine toasting the battery over a fire with 221 J of heat
input:
Q=mcAT
AT = Q = 221] =15.1°C

me  (0.015 kg)(975] /kg -°C)
P27.51  We compute the resistance of the wire from

2 2 2
p=V) g (V) _(WOV) 515
R P 500 W

(@) Then, Equation 27.10,R = %f , gives us the length of wire used:

RA (242 Q)7(250%10™ m)’

b 150x10°Q.m  L7m
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(b) From Equation 27.20, the resistance of the wire at this
temperature is

R =R,[1+0AT]=242 Q[ 1+(0.400x 10™)(1200-20) |
=35.6 Q
The power delivered to the coil is then
(avV): (110 V)’
P= = =| 340 W
R 360

P27.52  We find the energy transferred into a number N of these clocks in one
year:

T.. = P, At = NP

total one ClockAt

= (270 x 10° clocks)(2.50 W/clock)
(365 d/yr)(24 h/d)(1 kW /1000 W)
=591 x 10° kWh

Divide this energy into the total cost claimed by the politician to find
the cost of the electricity:
1 10°
cost= — 0 X 10" _ g 517/ kwh
591 x 10" kWh
This is significantly lower than the average cost of electricity in the
United States. While the situation is not actually impossible, the
politician would have a better argument by using the actual average
cost of electricity in the United States, which would raise his estimate
of the total cost to operate the clocks to about $650 million every year.

P27.53 At operating temperature,
(@@ P=IAV=(153A)(120V)=| 184 W

(b) Use the change in resistance to find the final operating
temperature of the toaster.

R=R,(1+0AT)

120 V _(12OV

x| a0 A)[1+(0.400>< 107 (°C)")aT |

which gives
AT =441°C

and T =20.0°C+441°C =|461°C
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P27.54  Consider a 400-W blow dryer used for ten minutes daily for a year.
The energy transferred to the dryer is

PAt=(400 J/s)(600 s/d)(365 d)

1 kWh

~9x10" J| ————
](3.6x106]

]z 20 kWh

We suppose that electrically transmitted energy costs on the order of
ten cents per kilowatt-hour. Then the cost of using the dryer for a year
is on the order of

Cost = (20 kWh)($0.10/kWh) = $2| ~ $1

P27.55  We first compute the power delivered to the resistor:
P=]AV =(2.00 A)(120 V)=240 W

The change in internal energy of the water as it is heated from 23.0°C
to 100°C is

AE,, =(0.500 kg)(4 186 J/kg-°C)(77.0°C)=161K]

The time interval required to heat the water is then

AE. . 1.61x10°]
At = int = =
P 20w

P27.56 (a) We know that

mechanical power output

efficiency =
Y total power input

(2.50 hp)(746 W/1 hp)
(120 V) I

from which, we calculate the current as

1860]/s 2070]/s
I= = =173 A
0.9(120 V) 120 V

(b) The energy delivered to the motor in 3.00 h is
energy input = P, At =(2 070 J/s)[3.00(3 600 s)]

input

=224x10" J=[22.4 M]]

(c) At$0.110/kWh, the cost of running the motor for 3.00 h is

cost =(2.24x 107 ])( $0'110j( k3 J__h j: $0.684
1kWh J\10° Ws3600s

=0.900=
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Additional Problems

2
*P27.57 From Equation 27.22, P = %, we find that the total resistance

needed in the wire is

2 2
_ (AV) _ (20 V) _830
P 48 W

We then solve for the length of the wire from Equation 27.10:
RA (8.3 Q)(4.0x10° m?)

(=== =1.1x10° m=[1.1 km]

p 3.0x10° Q-m
P27.58 AtT,=20.0° R =R, Then, from Equation 27.20,

R

R=R,[1+a(T-T,)]=2R,

Solving for the change in temperature gives
_1_ 1
a 3.9x107 (°C)"

T-20.0°C=256°C — T-=

P27.59  We find the amount of current each headlight draws:
P:IAV%I:L: 60 W
AV 120V

For two headlights, the total current from battery is 6.00 A. The battery
rating is the total amount of charge the battery can deliver, without
being recharged, over a time interval At at a rate (current) I:

AQ=1At=90.0 A-h

T-T,

=3.00 A

The total time interval to discharge the battery is then

oD _900Ah
T~ 600A
2 2
P2760 () P=1av=AY) o (AI‘D/)
2 2
Lightbulb A: rR=(AV) _(120V) _remes
P 250W
2 2
Lightbulb B: r=AV) _(20V) =g
P 10W
QO P QAV (1.0 C)(120 V)
by I=2-L - - ~[480 9
®) AL AV P 250 W 2
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(c) |The charge is the same. It is at a location that is lower in potential.

@ p=2U =AU 10T 55005

At P 250W

(e) |Because of energy conservation, the energy entering and leaving
the lightbulb is the same. Energy enters the lightbulb by electric

transmission and leaves by heat and electromagnetic radiation.

(f) AU =PAt=(25.0 J/s)(86 400 s/d)(30.0 d)=64.8x10°]

. ($01100Y k Y W-s) _h
Cost = (64810 J)( KWh )[1000]( ]S][36008]:

0.500 Q
mi

P27.61  The resistance of one wire is ( j(lOO mi)=50.0 Q.

The whole wire is at nominal 700 kV away from ground potential, but
the potential difference between its two ends is

IR =(1000 A)(50.0 Q)=50.0 kV
Then it radiates as heat power
P=IAV =(1000 A)(50.0x10° V)=[50.0 MW

RA (AV)A
P27.62 (a) From p= 7 = (—1)7 we compute

((m) R(€Q) p(Q-m)
0540 725 9.80x107
1.028 141 9.98x107
1.543 211 1.00x10°

(b) p=9.93x107 Q-m|

(c) |The average value is within 1% of the tabulated value of
&
1.00x 107 Q-m given in Table 27.2.
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2
P27.63  The original stored energy is U, ; = %QAVI. = %% .
(@) When the switch is closed, charge Q distributes itself over the
plates of C and 3C in parallel, presenting equivalent capacitance

4C. Then the final potential difference is | AV, = % for both.
(b) The smaller capacitor then carries charge CAV, = % = % .
The larger capacitor carries charge 3C Q| :
4C 4
(c) The smaller capacitor stores final ener 1C(AV )2 = lC(g)z =
P &2\ T ac
2
Q |, The larger capacitor possesses energy
32C
2 2
13(;(2] |32,
2 4C 32C
2 2 2
(d) The total final energy is Q + 30 _ 2" The loss of potential
32C 32C 8C
energy is the energy appearing as internal energy in the resistor:
2 2 2
Q— = Q— +AE,_, so AE,, = 3Q
2C 8C 8C

P27.64 (a) The heater should put out constant power

p.Q_me(T,-T)

At At
~ (0.250 kg)(4 186 J/kg -°C)(100°C —20°C)( 1 min
B (4 min) ( 60 s )
=349 J/s

Then its resistance should be described by

2 2 2
p-(&V) | p (AV] _(200/C) 54
R P 349 s
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*P27.65

(b)

Its resistivity at 100 °C is given by
p=p,[1+a(T-T,)]=(1.50x10"° Q-m)[ 1+0.4x 107 (80)]
=1.55x10° Q-m
Then for a wire of circular cross section, from Equation 27.10,

Rl
_pA_pﬂrz_pﬂdz

40
nd?

413 Q=(1.55x10"° Q-m)

d£—2.09><10+7/m or  d*=(477x10"° m)¢

5=

One possible choice is /=0.900 m and d =2.07 x 10~ m. If 7 and
d are made too small, the surface area will be inadequate to
transfer heat into the water fast enough to prevent overheating of

the filament. To make the volume less than 0.5 cm®, we want ¢
rwd?

4
Substituting d° =(4.77 x 10" m)¢ gives

(=05%x10"m’.

and d less than those described by

F(477x10° m)¢* =05x10° m’, ¢=3.65 m and

d =4.18 x 10™* m. Thus our answer is:

Any diameter d and length ¢ related by d* = (4.77 x 107°)¢,

where d and /¢ are in meters.

Yes; for V = 0.500 cm® of Nichrome, ¢ = 3.65 m and d = 0.418 mm.

The power the beam delivers to the target is

P=IAV =(25.0x10" A)(4.00x10° V)=1.00x10° W

The mass of cooling water that must flow through the tube each
second if the rise in the water temperature is not to exceed 50°C is
found from

Q= PAt =(Am)cAT

Therefore,

Am_ P 1.00x10° J/s
At cAT (4 186]/kg-°C)(50.0°C)

=10.478 kg/s
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P27.66 (a) Since P=IAV, we have

P 8.00x10°W
AV 120V
(b) From P=U /At, the time the car runs is
AU 2.00x107]

P 8.00x10°W

So it moves a distance of

At =250x10° s

Ax =vAt=(20.0 m/s)(2.50x 10’ s)=[ 50.0 km

P27.67 (a) Assuming the change in V is uniform:

E, :_dV_(x)_”;x __AV__ (0-400V) g V/m
dx Ax  (0.500 m-0)

or |8.00 V/m in the positive x direction.|

(b) From Equation 27.10, we have

_pt (400x10° Q-m)(0.500 m)

= > =10.637 Q
A 7(1.00x10™ m)
(c) From Equation 27.7,
I:AV: 400V _ 628 A
R 0.637 Q
(d) From Equation 27.5, the current density is given by
I 6.28 A

>=2.00x10° A/m* =| 200 MA/m?

A 7(1.00x10™* m)

The field and the current are both in the x direction.

(e) We intend to derive the equivalent of Equation 27.6. We start with
the definition of current density, ] = I/A, and, using Equations
27.7 and 27.10, note that the current is given by

[_AV _Et_EA
R R p
Then,
[_1_EA/p_E
A A p
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SO

E=p]=(4.00x10" Q-m)(2.00x10° A/m*)=[8.00 V/m]

P27.68 (a) Assuming the change in V is uniform:

-V 1%
Ex:_dv—(x)%Ex:_ﬂz _0—: —_
dx Ax L-0 L

Therefore, the electric field is |V /L in the positive x direction.

(b) From Equation 27.10, we have

pt _ pL 2
A rmd /4 pLi

(c) From Equation 27.7,
I=AV/R=|Vrd® [ApL

(d) From Equation 27.5, the current density is given by

I Vrd®/4pL . — —
=—=——"""""=|V/pL in the positive x direction
J=2=—r 71 /P p

The field and the current both have the same direction.

(e) We intend to derive the equivalent of Equation 27.6. We start with
the definition of current density, ] = I/A, and, using Equations
27.7 and 27.10, note that the current is given by

AV _Er_EA
"R R »p
Then,
[_L_EA/p_E
A A p
V) Vv
E: = —_— =
o eenof)

P27.69  Since there are 2 wires, the total length is /=100 m. The resistance of
the wires is

R (0.108 Q
300 m

j(lOO m)=0.0360 Q

(@) We find the potential difference at the customer’s house from

(AV)yoe = (AV),,. — IR =120 V—(110 A)(0.036 0 Q) =[ 116 V |

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Chapter 27 229

(b) The power delivered to the customer is

P=1(AV)=(110 A)(116 V)=[ 12.8 kKW ]

(c) The power dissipated in the wires, or the energy produced in the
wires, is

P

e = PR=(110 A)*(0.036 0 Q) =
P27.70  The original resistance is R; = pL./A,. The new length is
L=L,+d0L =L(1+9)
(a) Constancy of volume implies AL = AL, so

AL AL A,

1

L L(+8) (1+9)

The new resistance is
_pL_ pL(1+d)

= 7 _R(1+8)*=R(1+286+8°
A A/ (1+0) (1+0) (1+20+067)

(b) The result is exact if the assumptions are precisely true. Our
derivation contains no approximation steps where delta is
assumed to be small.

P27.71  (a) A thin cylindrical shell of radius 7, thickness dr, and length L
contributes resistance

pdl pdr p \dr
dR = = = —_
A (2zr)L \2zL)r

The resistance of the whole annulus is the series summation of the
contributions of the thin shells:

R=P I _| P [
2L, r 2L \r

a

(b) In this equation AV _ P e
I 2nL \r,

a

2 LAV

Solving, t =—F |
olving, we ge P Tin(r,/1.)

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



230

P27.72

P27.73

Current and Resistance

The value of 11.4 A is what results from substituting the given voltage
and resistance into Equation 27.7. However, the resistance measured
for a lightbulb with an ohmmeter is not the resistance at which it
operates because of the change in resistivity with temperature. The
higher resistance of the filament at the operating temperature brings
the current down significantly.

Let arbe the temperature coefficient at 20.0°C, and ¢/ be the
temperature coefficient at 0°C. Then p = p, [1 +a(T - 20.0°C)] and

p=p’[1+a’(T -0°C)| must both give the correct resistivity at any
temperature T. That is, we must have:

po[1+ (T =20.0°C)] = p’[1+ o’ (T - 0°C)] [1]
Setting T = 0 in equation [1] yields:

p’ = py[1-(20.0°C)]
and setting T = 20.0°C in equation [1] gives:

po = p’[1+0(20.0°C)]
Substitute p’ from the first of these results into the second to obtain:

Po = po[1—a(20.0°C)][1+ &’ (20.0°C)]

Therefore,

1

1+ O!’(ZO.OOC) = WOOOQ

which simplifies:

(200°C)=— L 4 1-[1-(200°C))
' 1-(20.0°C) 1-(20.0°C)

o(200°0) = _2200°C) . @
' 1-0(20.0°C) 1-0(20.0°C)

Therefore,

a 3.8x107 (°C)™"

[1-0(200°C)] [1-(3.8x10™ (°C)")(20.0°C) |

’

=14.1x107 (°C)™
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(@) Webegin from AV =-E-/ or dV =-E-dx.Then,
AV =—IR=-E-/

and the current is

S Bl ApApe oAl | oallY
“dt R pt p dx dx

(b) Current flows in the direction of decreasing voltage. Energy flows
by heat in the direction of decreasing temperature.

We begin with
pl_ po[1+a(T=T,) ¢, [ 1+ (T-T,)]
A AJ1+a(T-T,)T

_ Poly 1+06(T—T0)
A, 1+a/(T-T,))

R =

For copper (for T, = 20.0°C): p,=1.700x10° Q-m,
a=3.900x107 °C™", and o’ =17.00x10° °C™. Then,

Poly 1+a(T_T0)
R:
Ay 1+a/(T-T,)

~ (1.700x107*)(2.000){ 1+(3.900x 10~° °C™")(80.00°C)
 7(0.1000x107)" | 1+(17.00x10°* °C™)(80.00°C)
R=[1418Q

The wire has length /¢, and radius r; its cross-sectional area is A (n'rz, if
circular), which is proportional to 7. Because both ¢ and r change with
a temperature variation AT according to L= L;(1+ /AT ), the cross-

sectional area changes according to A=A (1+a/AT).

1
Calling R, = % at temperature T,, we have
0

R :po_ﬁo_”{:po[lﬂx(T—T)]ﬂ [1+a/(T-T,)]
T4 A1+ (T-T,)T

pé |:1+OC ]x

Ay [1+a/(T-T,)]
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which gives

1+a(T-T,)

K=,

P27.77  (a) Think of the device as two capacitors in parallel. The one on the

lefthas xk, =1, A, = (é + x)ﬁ. The equivalent capacitance is

2

K160A1+K260A2:eof(€+x)+1(€0€(£ )

——x
d d d da \2

€,
=| —(/+2x+Kk/l-2Kx
2d( )

(b) The charge on the capacitor is Q=CAV

Q:EOMV(€+2x+K€—2Kx)
2d
The current is
I:d_Q:d_Qd_x:M(0+2+0_2K)v:_€oKAVU(K_l)
dt  dxdt  2d d

The negative value indicates that the current drains charge from

. . . . €, lAVv
the capacitor. Positive current is | clockwise OT(K -1) |

(¢ d
P27.78 (a) The resistance of the dielectric block is R = Pt _ —.
A O©A
The capacitance of the capacitor is C= k E; A .

d K6 A_Ke

Then RC =
en cA d lo}

is a characteristic of the material

only.
(b) The resistance between the plates of the capacitor is

_K& _PKS

ocC C
_(75%10" Q-m)(3.78)(8.85x 10 C*/N-m?)
14.0x10” F
= 1.79x10" Q
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P27.79  The volume of the gram of gold is given by p = % :

-3
y=lo 10 K8 _515410% mP= A(240x10° m)
p 193x10° kg/m

Then, A=2.16x10"" m? and the resistance is

244x10° Q- m)(24x10° m
R=PL_ )1(1 . ) v e
A 216x10" m

P27.80 Evaluate I =1, [exp[ekAj‘{ J - 1} and R= % with

B

I,=1.00x 10" A,e=1.60 x 10" C,and k, = 1.38 x 10 J /K.

Parts (a) and (b): The following includes a partial table of calculated

values and a graph for each of the specified temperatures.

(i) For T=280K:
AV(V)  I(A)  R(Q)
0.400 0.0156 25.6
0.440 0.0818 538
0.480 0429 112
0.520 2.25 0.232

0.560 11.8 0.047 6
0.600 61.6 0.0097
T=280K
30
. 25
220
£ X,
= 5 \\
0 —
0.40 0.45 0.50 0.55 0.60
delta V (Volts)

ANS. FIG. P27.80(i)
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(ii) For T =300 K:
AV (V) I(A) R(Q)

0.400 0.005 773
0.440 0.024 18.1
0.480 0.114  4.22
0.520 0534 0973
0.560 2.51 0.223
0.600 11.8 0.051

T=300K

100

x
(e}

\
N
AN

T~

[N
o

R (Ohms)
RS
o O

o

0.40 0.45 0.50 0.55 0.60
delta V (Volts)

ANS. FIG. P27.80(ii)
(iti) Por T =320K:
AV(V)  I(A) R(Q)
0400  0.0020 203
0440 00084 525
0480 00357 134
0520  0.152 3.42
0560  0.648 0.864

0.600 2.76 0.217
T=320K
200
= 160 \
E 120
S 8o N\
0
0.40 0.45 0.50 0.55 0.60
delta V (Volts)

ANS. FIG. P27.80(iii)
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P27.81  To find the final operating temperature, we begin with
R=R,[1+a(T-T,)]

and solve for the temperature T:

T:To+l 5—1 :T0+l[1—°—1}
o| R al I

0

In this case, [ = , so
10

T:T0+l(9):20°+#: 2 020°C
o 0.004 50/°C
Challenge Problems
P27.82 (a) Weare given o = Ldp
p dT
Separating variables, IP ap _ ITTa dT . We integrate, on both
P P 0

sides, from the physical situation at temperature T, to that at
temperature T.

Integrating both sides,  In(p/p,)=a(T - T))

a(T-Tp)

Thus | p=p,e

b) From the series expansion ¢* =1+ x, with x much less than 1,
p

p=p,[1+a(T-T,)]

P27.83 A spherical layer within the shell, with radius r and thickness dr, has
resistance

pdr

dR = >
Ay

The whole resistance is the absolute value of the quantity

—1|%

R_J'bd J~rb pd?” _ T
s w Ar? 47t 1
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P27.84  Refer to ANS. FIG. P27.84. The current flows Face B |
generally parallel to L. Consider a slice of the 3/1} ¥
material perpendicular to this current, of — ‘wvw
thickness dx, and at distance x from face A. e
Then the other dimensions of the slice are w ANS. FIG. P27.84

and y, where by proportion L _xy L _ Y Z]/ 1

soy=y,+(y,— yl)%. The bit of resistance which this slice contributes is

IR = pdx _ pdx _ pdx

A wy w(y, +(y,-y)(x/L))

The whole resistance is that of all the slices:

R

. o pdx
J.x:OdR B J:) w(y1+ (yz—yl)(x/L))

_ P _L JL (v, =)/ L)dx
W Y, =Y, dx=0 Yy + (yz—yl)(x/L)

With u=y, + (y 3/1) this is of the form I— SO

__ pL -y,)(x )
R—w(yz_yl)hl[%"‘(yz n)(x/L)]

__ PL ny )=l —PL Y
w(yz_yl)( s yl) w(]/z‘%) Y

P27.85  From the geometry of the longitudinal section of
the resistor shown in ANS. FIG. P27.85, we see that

(b—r)_(b-a)

4 h ANS. FIG. P27.85
From this, the radius at a distance y from the base

isr=(a- b)% +b. For a disk-shaped element of volume dR = p dg :
Tr
h
R:BJ
7o [ (a=b)( y/h + b]
) ) du 1 ph
Using the integral formula I(au by =-— 2(ausb)’ R= s
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ANSWERS TO EVEN-NUMBERED PROBLEMS

P27.2

P27.4
P27.6

P27.8

P27.10

P27.12
P27.14
P27.16
P27.18

P27.20

P27.22

P27.24

P27.26
P27.28
P27.30
P27.32

P27.34
P27.36
P27.38
P27.40
P27.42
P27.44

qo
27

1.05 mA

(a) 5.57 x 10°m/s; (b) The drift speed is smaller because more
electrons are being conducted.

(a) 99.5 kA /m’; (b) The current is the same; (c) The current density is
smaller; (d) 0.800 cm; (e) I = 5.00 A; (f) 2.49 x 10* A/m’

(a) 2.21 x 107 m; (b) The potential of the nearest neighbor is very small
compared to the 2 MV accelerating potential, so repulsion within the
beam is a small effect.

0.256 C
500 mA
6.43 A
1.29

1/4
() /m_R (b) \/g(ﬂj
PP, T\ p,R
(a) unaffected; (b) doubles; (c) doubles; (d) unchanged

28 atoms
3 4
m

(a) 5.58 x 107 kg/mol; (b) 1.41 x 10° mol/m?; (c) 8.49 x 10

(d) 1.70 x 10 electrons/m’; (e) 2.21 x 10" m/s
T =1.44 x 10’ °C

1.98 A

(a) 1.22 Q; (b) 8.00 x 107 increase

(a) The design goal can be met; (b) ¢, =0.898 mand ¢, =26.2 m
1.71 Q

(a) 3.00 x 108 W; (b) 1.75 x 10V W

750 W

15.0 yW

6.53 Q

(a) $1.48; (b) $0.005 34; (c) $0.381
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P27.46

P27.48
P27.50
P27.52
P27.54
P27.56
P27.58
P27.60

P27.62

P27.64

P27.66
P27.68

P27.70

P27.72

P27.74

Current and Resistance

(@) 2.1 W; (b) 3.42 W; (c) It would not be as safe. If surrounded by
thermal insulation, it would get much hotter than a copper wire.

$0.319

(a) 0.530; (b) 221 J; (c) 15.1°C

See P27.52 for full explanation.

~$1

(@) 17.3 A; (b) 22.4 MJ; (c) $0.684

276°C

(a) Lightbulb A = 576 Q and Lightbulb B = 144 Q; (b) 4.80 s; (c) The
charge is the same. It is at a location that is lower in potential;

(d) 0.040 O's; (e) The energy is the same. Energy enters the lightbulb by
electric transmission and leaves by heat and electromagnetic radiation;
(f) $1.98

(a) See the table in P27.62(a); (b) 9.93x 107 Q-m; (c) The average value

is within 1% of the tabulated value of 1.00x10° Q-m given in Table
27.2.

(a) Any diameter d and length ¢ related by d” = (4.77 X 10‘8)£ , where d

and /¢ are in meters; (b) Yes; for V = 0.500 cm’ of Nichrome, ¢ =3.65 m
and d = 0.418 mm.

(a) 667 A; (b) 50.0 km
(a) V/L in the positive x direction; (b) 4 pL/ xd () Vrd® / 4pL;

(d) V/pL in the positive x direction; (e) pJ = p(%) = % =E
p.

See P27.70(a) for the full explanation; (b) The result is exact if the

assumptions are precisely true. Our derivation contains no

approximation steps where delta is assumed to be small.

The value of 11.4 A is what results from substituting the given voltage
and resistance into Equation 27.7. However, the resistance measured
for a lightbulb with an ohmmeter is not the resistance at which it
operates because of the change in resistivity with temperature. The
higher resistance of the filament at the operating temperature brings
the current down significantly.

(a) O'A‘L;—V ; (b) Current flows in the direction of decreasing voltage.
X

Energy flows by heat in the direction of decreasing temperature.
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1+a(T-T,)

P27.76 R = RO m
0

P27.78  (a) See P27.78 for full explanation; (b) 1.79 x 10° Q
P27.80 (a) See Table P27.80 (i), (ii), and (iii); (b) See ANS. FIG. P27.80 (i), (ii),

and (iii).
P27.82  (a) p=p,e™" ) (b) p=p,[1+a(T-T,)]
P27.84 p—Lln(ﬁJ

w(yz _yl) Y1
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