CHAPTER 17

Quick Quizzes

1. d,b=c, a. The current in (d) is equivalent to two positive charges moving to the left. Parts
(b) and (c) each represent four charges moving in the same direction because negative
charges moving to the left are equivalent to positive charges moving to the right. The
current in (a) is equivalent to five positive charges moving to the right.

2. (c), (d). Neither circuit (a) nor circuit (b) applies a difference in potential across the bulb.
Circuit (a) has both lead wires connected to the same battery terminal. Circuit (b) has a
low resistance path (a “short”) between the two battery terminals as well as between the
bulb terminals.

3. (b). The slope of the line tangent to the curve at a point is the reciprocal of the resistance at
that point. Note that as AV increases, the slope (and hence 1/R) increases. Thus, the

resistance decreases.

4.  (b), (d). The length of the line cord will double in this event. This would tend to increase
the resistance of the line cord. But the doubling of the radius of the line cord results in the
increase of the cross-sectional area by a factor of 4. This would reduce the resistance more
than the doubling of length increases it. The net result is a decrease in resistance. The same
effect would occur for the lightbulb filament. The lowered resistance would result in a
larger current in the filament, causing it to glow more brightly.

5.  (a). The resistance of the shorter wire is half that of the longer wire. The power dissipated,
@ =(AV)?/R, (and hence the rate of heating) will be greater for the shorter wire.

Consideration of the expression ¢ = 'R might initially lead one to think that the reverse

would be true. However, one must realize that the currents will not be the same in the two
wires.

6. I,=1,>1=1;>1I =I;. Charges constituting the current I, leave the positive terminal of the
battery and then split to flow through the two bulbs; thus, I, = I + I.. Because the potential
difference AV is the same across the two bulbs and because the power delivered to a
device is @ = I(AV ), the 60-W bulb with the higher power rating must carry the greater
current. Because charge does not accumulate in the bulbs, all the charge flowing into a
bulb from the left has to flow out on the right; consequently I. = I; and I. = Ir. The two
currents leaving the bulbs recombine to form the current back into the battery, I+ I; = I.

7. B, B. Because the voltage across each resistor is the same, and the rate of energy delivered to
a resistor is o =(AV )? / R, the resistor with the lower resistance exhibits the higher rate of

energy transfer. In this case, the resistance of B is smaller than that for A and thus B
dissipates more power. Furthermore, because @ = I(AV ), the current carried by B is larger
than that of A.
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Problem Solutions

17.1

17.2

17.3

17.4

17.5

The charge that moves past the cross section is AQ = I(At), and the number of electrons
is

A0 _ iy
CRC

:(800x10-3 C /s)[(100m n)(600sm in) ] (3007107 ebctons

160x10% C
The negatively charged electrons move in the direction opposite Vv
to the conventional current flow. O

The period of revolution for the sphere is T = 27/@, and the average current represented

kg
2r

by this revolving charge is I= ?q =

. AQ 60x10°C ,3
Th tis I==—==2""""_~ _30x10°A=[30mA
e current 1s At 50s X

AQ = I(AY) and the number of electrons is

AQ |(A1;:(6oox10-6 C/g)(1009)

“ 14| 150 107 =|375x 10" ekctions

The period of the electron in its orbit is T = 2z1/v, and the current represented by the

orbiting electron is

_AQ _|d_Vvid
At T 2zr

~(229x10° m /5)(160x10* C)

— -3 —
27(529%10™ m ~105x10°% C/s=[105mA |
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17.6  The mass of a single gold atom is

197 I
M _ 9239/m° _327x 102 g=327x 107 kg
N, 602x10" atoms/mol

M atom

The number of atoms deposited, and hence the number of ions moving to the negative
electrode, is

m  325x10° kg

= ————=993x10%
Mam 327 x107 kg

Thus, the current in the cell is

AQ ne (9.93><1021)(1.60>< 102 c)

=t At (2781)(3600 51 h) =0150A =[159m A |

1 I or
noA n|d(7rd2/4),

17.7  The drift speed of electrons in the line is v, =

" 4(1000A)
 (85x10%/m*)(160x10™ C)7(0020m )

>=23x10" m/s

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

L 200x10°m [ lyr s]
At=— = _[27yr
Vv, 234x10" m/s\3156x10'

17.8  Assuming that, on average, each aluminum atom contributes one electron, the density of
charge carriers is the same as the number of atoms per cubic meter. This is

o dasity p  _Nup
massperaton M /N, M '
. . (602x 107 /m oI)[(Z.? g/an ®)(10° an */1m 3)} _60x10%/n°

2698 g/mol

The drift speed of the electrons in the wire is then

I 50 C/s

- - - 4
Va = njgA B (6_())( 1028/m 3)(1.60><10‘19 C)(4.O><10‘6 . 2) =[13x10"m/s
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17.9 (a) The carrier density is determined by the physical characteristics of the wire, not the
current in the wire. Hence, n is

(b) The drift velocity of the electrons is v, = I/ngA . Thus, the drift velocity is

when the current is doubled.

AV 120V
1710 I=—=——+-=0500A =|500m A
R~ 200

1711 (AV),, = §,R=(80x10° A)R

Thus, if R = 40x10° Q, (AV),, =[32V ]
and if R =2000Q, (AV),, =[016V |

17.12 The volume of the copper is

m 100x10° kg

V== . ~=112x10"m?®
density 892x10° kg/m

Since, V = AL, this gives A-L=112x10"m °. 1)

(@) From R= %L, we find that

g
A:[ﬁ)l_z(ljoxm Q m]L:(3.40><10'8 mL.
R 05000

Inserting this expression for A into Equation 1 gives

(340x10° m )1 =112x107 m °, which yields ~ L=[182m |

2 —7 3
(b) From equation (1), A = ”Z _112x ]I-_O m , or

d_\/4(1.’l.2>< 10" m?)  [4(112x107 m?)
- L - 7(182m)
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2
17.13 From R =%L, we obtain A :ﬂ:p_L’ or

R

_ [4pL |4(56x10° Q-m)(20x10°m ) L
d= /”R _\/ (0050 =17x10"m =[017mm |

4(17x10° Q-m )(15
1714 R=P:-_ pz'- _ (17 m)( Zm)
A ad/4 2(1024x10°m)

-[o3i0]

1715 (a) R=—"—

(b) From, R :p_L,
A

2
' (309)[7r0.40><10’2m}
p:RLA: (32 ) _[4a7x10" Q'm
m

17.16 The new “wire” has length L=L,/3 and cross-section A = 3A,. Thus, its resistance is

n_pt_pl/3)_1fpL)_|Ro
A 3A, 9lA,) |9

17.17 The resistanceis R = ﬂ = o4V
I 360A

=0253Q), so the resistivity of the metal is

g 2
_RA_ R-(zd?/ ): (0253Q)7(200x10° m) C1Eav10° O
L L 4(500m)

Thus, the metal is seen to be .
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17.18 With different orientations of the block, three different values of the ratio L/A are

possible. These are:

[Lj _ 10aqnm 11
A/, (20an)(40an) 8an 080m’
(Lj _ 20aQm 11
A/, (10an)(40an) 20an 020m’
(L] 40 an 1 1
and —| = = =
A’/; (10an)(20an) 50an  0050m
@ b= A =(60V)(280m)= 28x10° A
Ron p(L/A) . 17x10°Q-m
b) L, - AV _ AV (60V)(0050m) 1810 A

Roae A(L/A) — 17x10°Q-m

17.19 When the tube is stretched, the cross-sectional area decreases. Since the volume of

mercury is constant, V. =A¢-L=A;-L;, or [% dij Le= [% df) L;. This gives
of = & (Ly/Ly).
The total resistance of the circuit is

4p,4L
xd?

L
Pis= 1000+

R=r+R,,=100Q+

The change in current through the monitor is

AV AV AV AV
MRTR PN e
f i 1000+ pHg f 1000+ ng|
ﬂ-diLi ”di
0100V 0100V

4(94x107 Q-m )(135m)* 4(94x107 Q-m )(125m)

100Q+ 100Q+

#(251x10°m )’ (125m) #(251x10° m )’

giving Al=-25x10° A = a|25mA decrease |
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17.20 Solving R=R, [1+ a(T - TO)] for the final temperature gives

To7, R Ro e, M0Q-190  mormmee

aR, [45x10° (°C)*](19.0)

17.21 From Ohm'’s law, AV = IR; = LR, so the current in Antarctica is

[ 1+[390x10° (°C)*](580°C - 200°C) |

=(100A )L1+ [390x10° (°C)*|(-880°C - 200°c)J -[198A]

1722 R=R,[1+a(T-T,)]
~(1000)| 1+(380x 107 (°C) *)(400°C - 200°C) | -[108 0]

17.23 At 80°C,

AV AV 50V

R Ro[1+a(T-T,)] (200 Q)[ 1+(-05x 10 °C *)(80°C - 20°C) |

or 1=26x10°A = 26mA

17.24 If R=100Q atT = 400°C , then R=R,[1+a(T-T,)] gives

R 100 Q

= = =9360
1+a(T-Ty) 1+[340x107 (°C)*](400°C - 200°C)

0

aR, [340x10° (°C)™"|(936 Q)

17x10° Q-m )(100m
17.25 RO:p—L:( 6)(2 ) 574107 0
A 300x10° m
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17.27

CHAPTER 17

(@ At T=300°C,R=R, [1+ a(T —To)] gives a resistance of

R=(00567 Q)| 1+(39x10° (°C)*)(300°C - 200°C) | =

(b) At T=100°C,R=R,[1+a(T-T,)] yields

R=(00567 Q)| 1+(39x 107 (°C)*)(100°C - 200°C) | =

589x107° Q

545x 1072 Q

For aluminum, the coefficient of linear expansion is & =24x10° (°C)™ and the

temperature coefficient of resistivity is o, =39x10° (°C)™. At temperature T, the

length and cross-sectional area may be expressed as L =L, [1+ a(T - TO)] and

A=A, [1+ a(T - TO)]2 , respectively.

Thus, R = p% =po| 1+ (T —TO)]

At T =120°C , this gives

[1+a,(T-Tp)]

L0[1+a(T To) | L, ) [1+a(T

T)]

Ao[Lra(T—To)T Lp"_J [Lra(T-

[1+39x10° (°C)(120- 200)°C |

- (12340)

=Ro *[1+a(T-T,)]

(@) The resistance at 20.0°C is

Rozp£:(17x10-8 Q-m)(345m)

300,
A #(025x10° m )2

AV 90V
and the current willbe =—=—+-=|30A
R, ~300

(b) At30.0°C,

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

[1+24x10° (°C)™(120-200)°C |

=(309Q)[1+(39x10° (°C)*)(300°C - 200°C) =310

Thus, the current is IzﬂZQ.O_V: 29A
R 310
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17.28 The resistance of the heating element when at its operating temperature is

(av)* _(120v)’

= =137 0
@ 1050 W

From R = RO[1+ a(T —TO) = %L[l+ a(T - TO)] , the cross-sectional area is

A= %L[u a(T-T,)]

_ (350 1081;)_7'?2)(400 d )[1+ (040x10° (C)*)(320°C - 200°C) |

A=/490x10"m?

17.29 (a) From R = plL/A, the initial resistance of the mercury is

Fe_:p_|_i:(9.4x10-7 Q-m )(10000m ) _12a)

YA, #(100x10° m )’ /4

(b) Since the volume of mercury is constant, V = A¢-L¢=A;-L; gives the final cross-
sectional area as A;=A;- (Li / Lf) . Thus, the final resistance is given by

:po _ pL

. . The fractional change in the resistance is then
Ae AL

Rf_Ri_Rf 1_pL2f/(Ai'Li) (Lf\z

R; R; PLI/A; _1:krij -

A:[loomjz_

1=|80x10* or‘ a 0.080% hcrease‘
100.00
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17.30 The resistance at 20.0°C is

R 2000 Q

- = - -2170Q
1+a(T-T,) 1+[392x10° (°C)"|(0°C - 200°C)

0

Solving R =R, [1+ a(T - TO)] for T gives the temperature of the melting potassium as

ro7,+RoRe g, 28802170 &3]
aR, [392x10° (°C)™|(217 ©)

SO—GOOW—S.OOA

1731 1=—= =
AV 120V

AV 120V

17.32 The energy produced by the Sun in 1.0 second is

E=g t=(40x10® W )(109)

=11x10° kW h

=40x10® W - LKW j[ Lh

10® W /\ 3600

At a rate of 8.0¢ per kilowatt-hour, the cost of this energy is

$008) _[88x 10" dollars

cost=(11x 10 KW h)[m

17.33 The maximum power that can be dissipated in the circuit is

Ona=(AV ), =(120V)(15A)=18x10° W
Thus, one can operate at most rated at 100 W per bulb.

17.34 (a) The power loss in the line is

Pes=PR=(1000A)*[ (031 Q/km )(160 km ) |=50x10" W =[50M W
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(b) The total power transmitted is

Pope=(AV) 1=(700x 10° V)(1000A) =70 10° W =700 M W

Thus, the fraction of the total transmitted power represented by the line losses is

. Prs OSOMW
fraction bss= = =0071 or|71%
=700

17.35 The energy required to bring the water to the boiling point is

E=m ¢(AT)=(0500 kg)(4186 Jkg-°C)(100°C - 230°C)=161x10° J

The power input by the heating element is
Pope=(AV)1=(120V)(200A )=240W =240 Js

Therefore, the time required is

E 161x10° J S[lm h) =
t= = =672 =-112m n
Sohput 240 J/S 60s -

17.36 (a) E=g-t=(90W )(1h)=(9 Js)(3600s)= 32x10°J
(b) The power consumption of the color set is

9 =(AV)1=(120V)(250A ) =300 W

Therefore, the time required to consume the energy found in (a) is

E 32x10°J S[1m 'n) _
t=—="" "-11x10° =18 m n
o= awgs -1 s
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17.37 The energy input required is
E=mc(AT)=(150kg)(4186 Jkg-°C)(500°C —100°C)=251x10° J
and, if this is to be added in At=100m i =600 s, the power input needed is

5
gO:E: 251x10 J: 219 W
At 600 s

The power input to the heater may be expressed as ¢ =(AV )? / R, so the needed

resistance is

2 2
I:{:(AV) :(120V) :

© 419 W

17.38 (a) At the operating temperature,

©=(AV)1=(120V)(153A) =184 W |

R-R,

(b) From R=R, [l+ a(T - TO)], the temperature T is given by T =T, + . The

0
resistances are given by Ohm’s law as

o (AV) 120V

(AV)O_ 120V
I 153A B

180A

,and R, =

Therefore, the operating temperature is

(120/153)-(120/1.80)

- ~[461°C
To200C +(O.400><10’3 (°C)*)(120/1.80)
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17.39 The resistance per unit length of the cable is

2
p/F_plb_2000/m 5o 10% oy

R
L L P (30A)

From R = pL /A, the resistance per unit length is also given by R/L= p/A . Hence, the

cross-sectional area is 717 = A = L, and the required radius is

R/L

o | _ | L7x107°Qm e [TEan
z(R/L) \[7(222x10° Q/m )

17.40 (a) The power input to the motor is

Pome=(AV)1=(120V)(175A)=210W =0210kW .
At a rate of $0.06/kWh, the cost of operating this motor for 4.0 h is
aost= (Energy ussd)- rate= (Sohput'lj. rate
= (0210 kW )(40h)(60 centy’kW h) =[50 cents|
(b) The efficiency is

_ Pamut (020hp)(0746 KW /hp)

0210 KW =071 or | 714 |

Eff

50 nput
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17.41 The total power converted by the clocks is

17.42

o =(250W )(270x10°) =6 75x 10° W ,
and the energy used in one hour is

E=p t=(675x10° W )(3600 5)=243x 10” J.
The energy input required from the coal is

E  243x10%J

Epy=————= =972x10% J
efficency 0250

The required mass of coal is thus

o E. . 972x102 ]
~ heatof combustin  330x10° Jkg

=2.95x 10° kg

or m =(295x 10° kg)(%} =295 m etricons

(@) E=g -t=(400W )(140d)(240 h/d)=134x10*W h=134KkW h

cost=E - (rate) = (134 kW h)($0120/kW h)=| $161

(b) E=g-t=(0970kW )(300m i)(1h/60m in)=485x102 kW h
oost= E - (rate)
=(485x10° kW h)($0120/kW h)=$0.00583=] 0583 cents

(©) E=gp-t=(520kW )(400m in)(1h/60m in)=347 kW h

cost=E - (rate) = (347 kW h)($0120/kW h)=$0416=[416 cents]
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CHAPTER 17

E=g t=(0180kW )(2Lh) and ocost=E- rate= (g - 1)($00700/kW h),
so  oost=[(0180KW )(21h)]($0.0700/KW h)=$026=] 26 cents]

$200

= —25x10° KW h.
rae $0080/kW h

The energy used was E =

3
The total time the furnace operated was t= E = %kwk\,\/h =104 h, and since
©

January has 31 days, the average time per day was

_ 104 h

average daily operatin=——-=| 34 h/d
aily aid

The energy saved is
AE =Py~ P ) T= (40W —11W )(100h) = 29x10° W h=29KW h,

and the monetary savings is

svings= AE- rate=(2 9 KW h)($0.080/KW h) = $023=| 23 cents]

kc:al[4186 [ 1h

=1744W ,
h \1kcal/\3600

The power needed is ¢ = 1500

1744 W
so the current required is 1= L _

= =159A
AV 110V

Thus, you should | use the 20-A fuse |

The energy that must be added to the water is

&hej ~15KW h
360x10

E=mdAT)=(200 kg)(4186 kg;C] (80°C - 15°c)(

and the cost is aost=E - rate= (15 kW h)($0.080/kW h)=|$12
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1748 (a) From p =(AV)?/R, the resistance of each bulb is

(AV)* (120V)?
M o 250 W an

AV)? (120V)?
e =gy <[40

§ bright 100w

(b) The current in the dim bulb is

1= Pan _ DOV _ o084,
AV 120V

so the time for 1.00 C to pass through the bulb is

_aQ _ 100¢

At =1480s
Ry

When the charge emerges from the bulb, it has | bw erpotentialenergy

(c) The time for the dim bulb to dissipate 1.00 J of energy is
AE  100J
At= = =/00400 s
P T e

Electrical potential energy is‘ transform ed into ntemalenergy and Ight

(d) In30.0 days, the energy used by the dim bulb is

E=u  t=(250W )(300d)(240 h/d)=180x10* W h=180 kW h

and the cost is cost=E - rate= (180 kW h)($0.0700/kW h)=| $126

The electric company sells , and the unit cost is

un itoost:[ $194x10°/Dbuke

KW h /\360x10° 3

$oo7ooj[ 1KW h ]
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From g =(AV )2 / R, the total resistance needed is

(AV)?  (20V)?
o - 48W

Thus, from R = pL/A , the length of wire required is

R-A (83Q)(40x10°m?)

L= = =11x10°m =|{11km
P 30x10° Q-m

(@) The power required by the iron is

©=(AV)1=(120V)(60A)=72x10°W ,

and the energy transformed in 20 minutes is

E=go-t=(72x102 3[(20m h)[fr:j;ﬂ: 86x10° J

(b) The cost of operating the iron for 20 minutes is

ast=E - rate
-/ (85x20° i 5 2L |[soceoyk - so0n0-[5 e

Ohm’s law gives the resistance as R =(AV )/1. From R = pL/A , the resistivity is given by
p=R -(A / L) . The results of these calculations for each of the three wires are summarized

in the table below.

L (m) R (Q) p(Qm)
0.540 10.4 141x10°
1.028 21.1 150%10°°
1.543 31.8 150x10°
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The average value found for the resistivity is

5=2Pi_[147x10° Q.m
3

which differs from the value of p=150x10° Q-m =150x10° Q-m given in Table 17.1

17.52 The resistance of the 4.0 cm length of wire between the feet is

R_p_L_(17x10'8 Q-m )(0040m)

A 7(0011m )?

=179x10° Q,

so the potential difference is

AV = R=(50A)(179x10° Q] =89x10° V =[89 4V |

2 2
17.53 The period of the revolving chargeis T = i z

=———"———=200x107 s, so the average
o 1007 rad/s

current is

_AQ _ q 800x10°C

T 200x107 s 4000107 A ~[0400A

17.54 (a) The charge passing through the conductor in the interval

0<t< 50 s is represented by the area under the 1 vst
graph given in Figure P17.54. This area consists of two
rectangles and two triangles. Thus,

Current (A)

AQ = A enger T A reengie2 T Awringe 1 T Awringke 2

—(505-0)(20A —0)+(405-305)(60A ~20A) b i
1

+§(3Ds—205)(60A —20A)+%(505—4Ds)(6DA ~20A)

s -[EEC]

(b) The constant current that would pass the same charge in 5.0 s is

_AQ _18C _

1= ——=[36A
At~ 505 204
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3
17.55 (a) From @ =(AV)I, the current is -2 800x10" W

V- ooy LA

(b) The time before the stored energy is depleted is

_ E sorege _ 200x10" J
%) 800x10° Js

=250x10% s
Thus, the distance traveled is
d=v-t=(200 m /s)(250x 10’ §) =500x 10" m =[500 km |

17.56 The volume of aluminum available is

115x 10° k
S &S Sox T X 426x10°m?
density 270x10° kg/m

(@) For a cylinder whose height equals the diameter, the volume is

() | #d®
i e

T

N\ | 4426x10° m?)
and the diameter is d= ( j

v
} =003785m
V4

The resistance between ends is then

4282x10° Q-
gopl_pd _4p_ 4282 ") [oaer107 @
A (zd’/4) zd  =(003785m)

(b) Foracube, V = L3, so the length of an edge is
L=(V)"*=(426x10°m)" = 00349m

The resistance between opposite faces is

R_p_L_p_L_g_ZBleO’SQ-m
A P L 00349 m

=|807x107 Q
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The current in the wire is 1= ﬂ _ 150V

= =150 A
R 0100Q

Then, from v, = I/ngA , the density of free electrons is

I 150 A

n= Ve(71”) (317x10* m /5)(160x107° C)z(500x10°m )"’

or n=| 377x10%/m?

At temperature T, the resistance of the carbon wire is R, = ROC[1+ aC(T - TO)] , and that

of the nichrome wire is R, =R, [1+ a, (T - TO)} . When the wires are connected end to

end, the total resistance is
R=R.+R, =(Roc+Ron) +(Roce + Rony )(T = To)

If this is to have a constant value of 100 KQ as the temperature changes, it is necessary
that

Roc + Ron =100 kQ 1)
and Rya.+Rga,=0 (2)

0c*c on™~n

From equation (1), R, =100 kQ - R, and substituting into equation (2) gives

(100kQ Ry, )[ ~050x 10 (°C)™ |+ Ry, [ 040x 10 (°C) ™" |=0

Solving this equation gives R,, =| 56kQ (nichrom ew ire)

Then, R,.=100kQ-56kQ =| 44kQ (carbonw ire)

2 2
, the resistance is R = (AV) = (120 V) = 1440

F =
(@) From g o 00w

(av)*
R
(b) Solving R = %L for the length gives

R-A (1440)(0010mm?)( 1?2 ]=26m

p  56x10°Q-m 1P mm?
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(c) The filament is tightly coiled ‘ B fitthe required Eength into a an allspace

(d) From L=Lg[1+a(T-T,)], where a=45x10° (°C)™, the length at T, =20°C is

L 26m -
b1 a(T-T,) 1+(45>< 10°° (oc)*l)(zeoooc 20°C) ELl

17.60 Each speaker has a resistance of R =400 Q and can handle 60.0 W of power. From
¢ = PR, the maximum safe current is

lmax=\/§= /600W =387A
R V4000

Thus, the system‘ snotadequately protected | by a 4.00 A fuse.

17.61 The cross-sectional area of the conducting material is A = 72( o — rﬁng) .

Thus,
35x10° Q-m )(40x102 m
gtk 004000 o7 i [a7ies
A 7z[(12x10*2 m)*~(050x102 m) }
17.62 (a)
AV I R=AV/I
-15Vv —~030x10° A 50x10° Q
-10V —020x10° A 50x10° Q
-050V -010x10° A 50x10° Q
+040V +0010A 400
+050V +0020 A 250
+055V +0040 A 140
+070V +0072A 970
+075V +010A 75Q

(b) The resistance of the diode is very large when the applied potential difference has
one polarity, and is rather small when the potential difference has the opposite
polarity.
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17.63 The power the beam delivers to the target is
@ =(AV)1=(40x10° V)(25x 10° A)=10x10° 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 g = (Am / At) c(AT) as

An o 10x10°Js
At AT) (4186 Jkg-°C)(50°C) =[048 kg/s|

17.64 The volume of the material is

3
yo_mes 009 3( 1m 3J:636><106m3
density 786 g/an *{10° an

Since V = AL, the cross-sectional area of the wireis A=V /L.

L L L2
rPb_rL_p

(@) From A _V/L_T'the length of the wire is given by
RV [(150Q)(636x10°m?)
\ » \/ 11x10% Q-m

d Vv
(b) The cross-sectional area of the wire is A = ”T =T Thus, the diameter is

_[av [4636x10°m?) N
d_\/;_\/ s ~93x10n ~[0%ann

17.65 (a) The cross-sectional area of the copper in the hollow tube is
A = ciroum Erence) - (thickness) = (0080 m )(2.0x10° m ) =16x 10 m 2

Thus, the resistance of this tube is

R_p_.__(l.?xlo*s Q-m)(024m)

—— =126x10° Q
A 16x10%m
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(b) The mass may be writtenas m = (de’lsily) ‘Volume= (densily) “A-L.

From R = pL/A , the cross-sectional area is A = pL /R, so the expression for the mass

becomes

(17x10° Q-m )(1500m )?

450 =[76 kg

.\ pl? 3
m =(densny)-?=(8920 kg/m ®)-

L
17.66 (a) Attemperature T, the resistanceis R = %, where p=p, [1+ a(T - TO)},

L=Lo[1+a'(T-T,)], and A=A [1+a'(T-T) ] ~ Ao[1+2a/(T-T,)]

Thus,

( polo) [1+ a(T=To) [ [1+ &' (T-To)] |Ro[L+a(T-To)][1+a'(T-T)]
A, ) [1+2a/(T-T,) ] B [1+2a'(T-T,)]

R =

o _ oo (17x10° Q-m)(2.00m)

() ~10820
° A 7(0100x 10%)°

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

R =(1082Q)[ 1+(39x10°/°C}(800°C) |=[1420Q |

The more complex formula gives

(14200) [1+(17x10°/°C)(800°C) |

"= [1+2(17x10°/°C)(800°C) | -|14180]
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Answers to Even Numbered Conceptual Questions

10.

12.

14.

It is a moderate electrical conductor. Its resistivity of p=35x10° Q-m falls between that

of metallic conductors (--10’8 Q-m ) and good insulators (--1013 Q-m and hbher) .

The number of cars would correspond to charge Q. The rate of flow of cars past a point
would correspond to current.

A voltmeter measures potential difference, not resistance. More likely, the instrument
applied a known potential difference across the nerve, and measured the current through
it. From this information, the resistance could be determined.

An electrical shock occurs when your body serves as a conductor between two points
having a difference in potential. The concept behind the admonition is to avoid
simultaneously touching points that are at different potentials.

The knob is connected to a variable resistor. As you increase the magnitude of the
resistance in the circuit, the current is reduced and the bulb dims.

Superconducting devices are expensive to operate primarily because they must be kept at
very low temperatures. As the onset temperature for superconductivity is increased
toward room temperature, it becomes easier to accomplish this reduction in temperature.
In fact, if room temperature superconductors could be achieved, this requirement would
disappear altogether.

The amplitude of atomic vibrations increases with temperature, thereby scattering
electrons more efficiently.
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Answers to Even Numbered Problems

2. ow/2r
4. 375x10" ekctions's
6. 159 mA

8. 13x10*m/s

10. 500 mA

12. (a) 1.82m (b) 0.280 mm
14. 0310

16. R,/9

18. (a) 28x10°A (b) 18x10" A

20. 14x10°°C

22, 108Q
24. 30.6°C
26. 171Q

28. 490x10"m?
30. 63.2°C

32. 88x10® dollrs

34. (a) 50 MW (b) 0.0710r7.1%

36. (a) 32x10°J (b) 18 min

38. (a) 184 W (b) 461°C

40. (a) 5.0cents (b) 71%

42. (a) $1.61 (b) 0.583 cents (c) 41.6 cents
44. 34 h/d

46. use a 20-A fuse
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48.

50.

52.

54.

56.

58.

60.

62.

64.

66.

CHAPTER 17

(@) 576Q,1440 (b) 4.80s, lower potential energy

(c) 0.0400 s, converted to internal energy and light
(d) $1.26, energy, $194x10°/J

(a) 86x10°J (b) 1.9 cents

89 uVv

(@ 18C(b) 3.6 A

(@) 949x107 Q (b) 807x107 Q
56 kQ (hchrom €), 44 kQ (carbon)

No. The fuse should be rated at 3.87 A or less.

(@)

AV I R=AV/I
-15V -030x10° A 50x10° Q
-10V ~020x10° A 50x10° Q
-050V ~010x10° A 50x10° Q
+040V +0010 A 40Q
+050V +0020 A 250
+055V +0040 A 140
+070V +0072A 970
+075V +010A 75Q

(b) The resistance of the diode is very large when the applied potential difference has one
polarity, and is rather small when the potential difference has the opposite polarity.

(@ 93m (b) 0.93 mm

142 Q is less precise than 1418 Q
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