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Problem Solutions

171

17.2

17.3

17.4

The charge that moves past the cross section is AQ =1(At), and the number of eléctrons
is

aq _1(a)

=
let el

5005107 € /s)[ (10,0 min){60.0 §/min) |
I:'— - ]I'{ = _,H' : A a E.L‘-ﬂxll]”' :-:lﬂctﬁ:ul'.5|
160107 C )
The negatively charged electrons move in the direction oppaosite i

to the conventional current flow. b
-~ D
)

The drift speed ina conductor of crass-seclional area A and carrying current [ 15
v, = I{ngA , where m is the qumber of free charge carriers per unit volume and g is the
charge of each of thase charge carriers. In the given conductor,

r 250 Cfs

s = o —=|521%10" mjs
¥ ngA  (7.5010% m3j[1.u:-.n:|~.--.11‘.-"” C)(4.0010°" m’ | ”"'_|

- ot | il . P
The current is | =IL}=% . Thus, the change thal passes is ﬂt}'=[%]m!] , giving
100 ‘l.-’] . —_——
a0 =) =22 |(ad)=(0:100 A){200 s)={2.00 C
80=| J75g (400100 A)(200¢) [200C]

AQ=I({At) and the number of electrons is

e —* =[3.75x10" elect
, e ' 1.60x10™ C E?E CIECITONS

A ML.'_].__[-E.[:-.m:'lﬂ‘~ C fs}(1.00 s)
e
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The period of the electron in its arbit is T =2ar/v, and the current represented by the
orbiting electron is

(.40 M _ sl

AF U iy

_(229x10" m/s){1.60x10"° C)
2 27(5.29210™ m) =108:10™ Cls - |15 mA]

The mass of a single gold atom is

S 197 g /mol
N, 602x10% atoms/mel

i =327x10 g=3.37x10" kg

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

m o 3.25%107 kg

=9.03x10%
m.. 327X105 kg

=

Thus, the current in the cell is

;A0 ne (9.93x10" )(1.60%10°" C}

A EmnpEesT A= mA]

[

The drift speed of electrons in the line is v, = jd= (=4
miA  nlef(

].DI."

. 4(1000 A)
" (B5x10%m’)(1.60x107" C)w(0.020 m)*

=2.3%10* m/s

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

L_ 200x10°m ( 1y
234107 mys| 3156107 SJ
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17.8 Assuming thal, on average, each aluminum atom contributes one slectran, the density of
charge carriers is the same as the number of atoms per cubic meter. This is

derrsify 2 Ny g

mass per abome MIN, M

“a

rl

6025 107 mol )[ (2.7 &/cm® (107 em’ /1l m’
[ ik }[l" St ) i "I] =6.0x10% m’
26,98 g/mol

or =

The drift speed of the electrons in the wire {5 then

;) _-_{___ 5-” Clu'l-ﬁ = T 13:.:5[.]"' mllll"
‘0 nlelA (ﬁ_ﬂ}giﬂyll'mJHl.ﬁl}K-lﬂ_” C}{-I.U:-:'I.ﬂ'r' :111':|- : L

179 (a} The carrier density 15 determined by the physical characteristics of the wire, not the
current in the wire. Henoe, 115 | unaffected | :

(b) The drift velocity of the electrons is o, = IfngA. Thus, the drift velocity 1s |dm':bLL-n;i

when the current is doubled.

AV 120V
1710 [=—=——=03 A=|500 mA
i EULY.

a1 (AVY) =1 R=(80x107 AR

Thus, if R=40x10° Q, (V) =[32V]
ndif R=2000 2, (aV),,, =[016V]

1712 The volume of the copper 15

i o P .
= '”_ﬂ_=..1'm'3”|0 kg - =112x107 m’
density  BI2x10° kg/m

Since, ¥ = AL, this gives A-L=112%107 m’ (1)
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(a) From R= %* we find that

||'.-" l.?ﬂxlu-a i-..'.-]TL 3 -
.!-1:| 0.500 22 J (a0 ]

Inserting this expression for A into equation (1) gives
(34010 m)Lf =1.12x107 m", which yields L=[T82m]

rd? 112107 m

b F Hon (1) A= =
{b) From equa nil) # 7 :

- 0T

i =

(122107 m*)  [${112x107 m*)
2 E A(1.82 m}

il
—2 80107 m -_|£r.:ssu mm |

ad’ _pl

713 From K= J—i we obtain A= =+— , 0O
A =

oL [ll:-:fmlli_l"" £.m [2 Ox107 m]
g 1.7x107" —-||}.1? |
“T\=R (0,050 2) A ik

1,710 £2- 15m] —
O e ki (i3 m) (0310
A mdifi (1024107 m)

AV 12V
A5 Rh=——= = 30 ﬂi
4 {-"!I:I | 040 A 0

) Fraim, K= :”EJ
A

p.A (30 izj{::[u.ﬂh:m" m]’]

= _[a7310™ ﬂ-m-|
L 32m

p=
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ot will use about 400 W of power for 10 minutes each day

o total energy used each year 18

i = P{Al) = (0.400 uwy[[m E‘d‘—“)Lﬂ: :in]{aaa d}1=14 KWh

1716 We assume that your hair dry
of the year, The estimaic of th

approximately ten cents pet kilowatt-hour, the cost of

If your cost for electrical energy is
the order of

using the hair dryer for a year is o

;0
[241-:%}[0.'10 m}_fm or

cost = Exrafe=

2 ik
17.17 The resistance is K= -":"'r—l"'r = 36 :] ::: =253 1, 2o the resistivity of the metal is

Rk R.(md*fa) (0253 Q)r{2.00%107 m) =
P T = $(50.0m) =1.50=107 L-m

Thus, the metal is seen o be .

1748 With different orientations of the block, three different walues of the ratio [/A are

possible, These are:

[£}= 10 cm = L. 1
A) (20 cm)(40 em) BRcm 0BOm’

[£)= 20 ¢m i e 1
A), (10em){40 cm) 20em D20 m’

s [£}= 40 cm wl 1
Ay (10em){20em) S0ecm 0.050 m

AV AV F{E.H‘J}{H.Sl}m}gm

{a} Iw 2 Rain y ﬂ“‘-‘l'ﬁl:lmi.ﬁ 5 1.?11[!"' £2-m

AV (6.0 V)(0.050 m ) =

AV
®) = R, olLA). 1.7%10™ £'m
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1719 The volume of material, V= Aly = (a5 )L, , in the wire is constant. Thus, as the wire is

stretched 1o decrease its radius, the length increases such that [:wfjl.r =} )L, giving

_r_ﬂi = i : ‘i 2y
Lf—[rj]a [Mﬁm] Ly =(40) L, =16L,

The new resistance is then

o A sl L =1arlq}“[,a—[t]=ﬁﬁﬁ.,=1sﬁq1mn}=

A, Cat Ualn ey any

17.20 Solving R= R¢|Z1+ a(T-T, }] for the final temperature gives

ror B pc, M08 G
&R, [4,5:-:1u* (o)’ J(19.Q)

1721 From Ohm's law, AV =R, =1,R;, so the current in Antarctica is

By|1+&(T-T,)
Iy =1, [‘%} I'[m{] +a(T, _T:J:EI]

o n}[ 1+[390x10% (°C) " |(584°C-200°C) ]=m

1+[3.90x107 (°C)" |(-88.0°C-200°C)

&

172 The expression for the temperature variation of resistance, K= R, [‘1 +a(T=T, }] with
T, = 20°C, gives the temperature coefficient of resistivity of this material as

R-R, _  105502-10008 o
= =79x107 °C
R(T-T,) (1000@)#rC-20C)

=

Then, at T ==20°C, the resistance will be

R= Ry [1+a{-20°C~20°C )] = (10.00 @)[1+{7.910° °c?)(~10°C) | =[57 €]
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17.23

17.24

17.25

17.26

ALB0°C,

AV T gz 5.0V
R R[l+a(T-T,)] [Eﬂﬁﬂj[leu{—-[}-.ﬁx'lﬂ'}‘C"][E-I}':‘C—ED“C”

or  1=2.6x10" A=[ZEmA]

[ R=41.0 © at T=20°C and R=414 Q at T=29.0°C, then R=R,[1+a(T-T,)] gn

the temperature coefficient of resistivity of the material making up this wire as

gty LB ALIR e (sey
RUT-1,) GLOQ)EIC-20°C)

1]

1.7%10°° Q- ) 10.0 m
R, ;F_LJ- _r}[ 00m) 6710”0
A .00 107" ™

(a) ALT=300°C, R=R[1+a(T-T, ]] gives a resistance of

R=(00567 0)[1+(39x10° (°C)")(30.0°C~20.0°C} |=[5.89x107 Q

(b} At T=100°C, R=R;[1+a(T~T,}] yields

R=(0.0567 Li][] +(39x10° f=¢:}"]|[m.n"c—:1{1.w=::j|]= 54510 Q|

(a) At 20°C, the resistance of this copper wire is K, = plLiA)= ;r[I fﬂr"'j and the
potential difference required to produce a current of I=3.0 A is
(1.00 m)
#(0.50%10% m)’

s
AV, =IR, = ILP:I_'I;"'-): (3.0 A)[1.7x10 2 ﬂ-m]

or AV, =65x107 V=[085 mY
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(b) At T =200°C, the potential difference required o maintain the same current in the

copper wire is
AV =R=IR[1+a(T-T, )]=av[1+ a(T=T,}]

AV = (0.65 mV)[ 1+(39%107 21 ){200°C ~1n“E}]=

ar

1727 {a) The resistance at 2H0°Cis

L [(17x10° 2-m)(345m)
Bo s fa]
ﬁtﬂ.ﬁxlﬂ m:|

AV 90V
d the current willbe [=——=7-275 30 A
e RELL)

=3.0 52

(b) AL 00,
R=R,[1 2o T-T,)]

(30 ﬂ}[1 +(39%107 (%) " J(30.0°C - Eﬂ.ﬂ“t’_’}] =310
AV _ 90V
Thus, the current 15 I =—Hu =ﬁ.ﬁ =-

28 The resistance of the heating eloment when at its operating temperature is

2 -
g=(0¥) _(120V) ;370

P 1050 W

From. R = Rﬂ[l +eal(T—T; ]}:EE;.I.L-[] +ar(T=T,) ], the cross-sectional area is
s

r‘l:iﬂfTL[lﬂr[T—Tuj]

=

'[15”"‘“'"1;1;‘;}{‘*-[” m) [1+ (040107 (=cy")(320°C -:m,nﬂcﬂ

A=|490x107 m’
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R=pLiA, the initial resistance of the mercury is

pl, (94 w107 2-m (10000 m) _[za]

S
LA #(100x10° m}’ 4

17,29 (a)} From

f mercury is constant, ¥ = ApLe= A+l gives the final cross-

(b} Since the volume o
the final resistance is given by

coctional areaas A, =4, -[J'..,I.I'L_f :] . Thus,

oL Fil by ; . ] ;
_ ¥ The fractional change i the resistance is then

R_-TT_HL=LL_.1=E-M_1=[EL i 5 |
H' EI Iur‘l.'l"ql L|

(10004Y o -~ -
&—[m} —'l—‘ELI:-tlﬂl | orF Elﬂﬂ-ﬂmmcrca:-e'|

A=

1730 The resistance at 200°C is
R 2000 2
B e —cu =217 Q
Tral(T-T,) 1+{392x10° ey J(o-C-200°C)

Solving k= HUEI +o(T-T, }] for T gives the temperature of the melting potassium as

‘ R-R, 2538 Q=217
T=T,+ =20.0°C+ - =
&R, (392107 (°C) Hiz7 )

'S

AY 120V
snd Rs—sommo 24040
3 o[22

17.32 (a) Theencrgy used by a 100-W bulb in 24 his

£ =t =(100 W)(24 1) =(0100 kW) (24 1) = 2.4 K¥Wh

the cost of this energy, at a rate of 50,12 per kilowatt-hour 15

24 kwm{ﬁn.wuwh}ﬂ

and

cost = E-rake ={
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(b} The energy used by the oven in5.0his

E=Pat=[1{aV]]: m-'{znn Cfs){220 j,fC1[—-l-H?—rH{5Uh} 22 kWh

and the cost of this l_’r:EIEj? at a rate of §0.12 per kilowatt-hour is
cost = E+mate = (22 kWh) [ $0.12/KWh | = | £2.4 |
33 The maximum power that can be dissipated in the circuit is

P ={AV)] ., ={120V)(15A)= 1.8x10" W

Thus, one can operate at moest [Ehujl.:-sl rated at 100 W per bulb.

34 {a) The power lossin the line is

P =1"R=(1000 A} [ {031 &/km)(160 km) | =5.0x107 W=|50 MW |

|7 I

(b} The total power transmitted s

L =(AV)1=(700%107 V)(1000 A) =7.0x10° W =700 MW

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

r a() M".-"-."
raction loss = —"—= = (.07 |?HJ|
fractios 5 7 '.T"{H] f'-'i"-"-r or

inELy

7.35 The enerpy required to bring the water b the boiling point is

E=mc{AT)=(0.500 kg)(4186 J/kg: °C)(100°C =23.0°C) =1.61 w107 ]

The power input by the heating element is

P = (&V)] = (120 V)(2.00 A) =240 W =240 Jje

Therefore, the time required is

E  1&lx10° ] Tmin} m—
k= = ={72 8 =|11.2 mi
2 240 |8 | &0s ) (112 min|

=pul
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7,36 (a) E=P4=(90W])(1 hy={50 J/s){3 600 5] ==| 3.2x10° |

(b) The power consumption of the color set is

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

_E_32x10°] _ 'lmin]= e
I_.F_ 500 178 =1.1x10° s[—u-—ums

1737 ‘The energy input required is
E=mec{AT)={150 kg){4186 Tk -"C)(50.0°C - 10.0°C

dded in At =10.0 min =600 s, the pawer input needed is

J=2.51x 10" 1

and, if this is tobea

The power input to the heater may be expressed as ¥ =(aVY (R, 8o the needed

resietance is
_(AVY_(120V)'
5 P J19W

17.38 (a) At the operating temperature,

P = (AV)I=(120V){153 A)=[T8EW]

(b} From R =R,,[1+nt{T—']';]], the temperature T is given by T=T, +%,ﬂﬂ

resistances are given by Ohm's law as

v
RF[.W‘J_ 120 V rmdﬂd,{a ), 120V

I 153A I, LlatA
Therefore, the operating temperature is

(120/1.53)-(120/1.80) e
(0.400% w0 {“E}"}{iiﬂ.ﬂ.ﬂﬂ} F

T=200°C+
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1739 The resistance per unit length of the cable is

P/ FL 200 Wjm

- 222%10°
Lo @Ay Bl

E_
L

Fram R=gLfA, the resistance per unit length is also given by RfL=p/A.Hence, the

cross-sectional area is mr° = A= ;;L , and the required radius is

{ o 1.7x107" Q-m
= [—t— = =016 m=
r R-[ﬁr;_:l Jn- m

(222x10% Qym)

1740 {2} The power input to the motor is

P, =(AV)I=(120 V)(175 A)= 210 W =0.210 kW

At a rate of $0.06/KWh, the cost of aperating this motor for 4.0 h is
cost ={ Energy used) -tz = [!F‘m,-l] -pate
=(0.210 kW)(4.0 h)(6.0 cents/kWh) =] 5.0 cents
{b) The efficency is

P, (020hp)(0.746 KW/hp)
aput_ =5 1%
P 0210 kW 071 or [71%]

L 13

Ef =
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awer converted by the clocks 15

J=675x10" W

17.41 Thetotalp
= (2,50 W ){270% 10°

and the energy used in one hour is

£ = #4=(675%10" W)(3600 5)=2.43%10" |

The energy input required from the coal is

- i3
Eoi = .—_E;M—I-—: g,72x10% |
efficiency 0.250

The required mass of coal is thus

12
E 97207 T _995x10° kg

]ill=-—-—'—-.¢u]-—'—',_= =
hent of combuston 33.0%10" 1/kg

e L | e e

10° kg

ar

oAz (a) E=Pe=(400W)(140 d)(24.0 hyd) 13410 Wh=13.4 kKWh

cost = E+(rate)={134 kWh][E-U.llﬂfk‘.-".l'h}—_-

00 min}(1 160 min}=4.85% 107 kWh

) E=P+=(0970KW)(3

cost = E-(rate)

][Eﬂ-izﬂfki.-%]sﬁﬂ.ﬂﬂﬁ 83 =

il mm} =347 kWh

=(485 «10% kWh

@ E=Pt=(520EW)(400 minj(1 b/

50.120/kWh) = 50.416=

cost = E-(rate) =(347 EWh

1743 E=$4=(0180 KW)(2 h) and cost = E+rate=(P4)($0.070 0/kWh)

0,180 KW (21 hy (50070 0/kWh) = 50.26 =

&0 ::J:EE=[_I;
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1744 The energy used was E= L = $200 =2.50=10* kWh
rate  $0.080/KWh

E 250%x10° kWh
The total time the furr ted wag t=—= T
e | time the furnace opera = I0FW

January has 31 days, the average time per day was

FR R

=104 h, and simce

aeerave daily operction = 104
HEE I/ ope 310

1745 The energy saved is

AE=(P- By, ) t=(40 W =11 W)(100h) =2.9x10" Wh=2.9 kWh

and the monetary savings is

suvings = AE - rate = (2.9 KWh)($0.080/kWh) = $0.23 = [23 cents |

4746 The power required to warm the water to 100°C in 4.00 min is

poAQ_me(AT) _(0250kg)(4186 J/kg - “C)(100°C = 20°C)

= = , =3.5=10° W
At At (4.00 min (60 5/1 min)

The required resistance (at 100°C} of the heating element is then
2 2
= (av)  (120V) 410

& P 35x10°W

=0 the posistance at 20°C would be

R 41 82

= = =40 £2
% 14a(T-T,) 14(04x107 *C" |(100°C-20°C)

We find the needed dimensions of a Nichrome wire for this heating element from
B=pljA=pif{7d[a), where [ is the length of the wire and d is its diameter. This

S ‘*_P].f..
ggm:-lﬂﬂ—{x e

e ] 1m0t oem]y elgi0 mie
e l_n[mﬂ}] [ 210 82) SR




B CHAFTER 17

Thus,
on & = (48107 m)l | will

any combination of |
be suitable. A typical

ength and diameter satisfying
combination might be

and d=44.3x1ﬂ4 o =2.2x107 m =0:22 mm

e of Michrome.

f=10m

such heating eleme

The volumae of material requi

nts eould easily b made from less than 0.5
above is

red for the typical wite given

U] 3
lﬂ—ﬁﬁ—] ~015em’

2
YeAl= [Iﬂ'f 1J'|I' = ﬁrl:ll'hl'l 1 m:l {10 m)= [1'5-’( 107" m’ I’[ 1m

1747 Theenetgy that must be added to the water is

) . il _ LRWh
Efm.:{m_{zcrukg}[fu% = nc]qmﬂc ITE}[EEEF?] 15 KWh

(15 kw11}g$ﬂ.mn,rkwnj=

and the cost i8 cost=E-rale=

1748 (a) From ¥= (aV)! /R, the resistance af each bulb is

avy  (120V)
IR

no=
= B0

‘ (avy {120V

IR

(b} The current in the dim bulb i3
i ﬂﬁ‘r-— 53.5£1|'i= 3,208 i
AV 120V

5o the time for 1.00 C to pass through the bulb is

MJ‘EE: 100 C [TE0S]

0.208 A

ge emeTEes from the bulb, 1t has | lower potential energy

when the char
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(e} The Hme for the dim bulb to dissipabe 1.00 ] of ETETEY 15

AE_ 100]

==t =[0.040 ()
P 250 W ?

A=

Electrical potential energy is | bransformed into internal energy and light |

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

E= Pyt =(25.0 W)(30.0 d)(24.0 h/d)=1.80%10" Wh=18.0 kWh
and the cost is cost = - rate = {18.0 kWh){$0.070 0/kWh) =

The electric eompany sells | energy |, and the unit cost is

: SO0700%Y 1kwh =
¥ costa| T | =[s1
it cost ( S ]{ — wﬁJ] [3192%10% Joule

749 From P=(aV) (R, the total resistance needed is

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

_ReA_(B3Q)(40x10° m*) !
L= By T e e U mr

e

Sﬂ (a) The power required by the iron is
P={AV =(120 V){6.0 Al=72x10° W

and the energy transformed in 20 minutes is

E=.| =[:=.1:-=1n’ é)[(zu rnin}[ Ii’ﬁ;ﬂ - E@
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(b) Thecost of operating the iron for 20 minutes is

cost =E rate

) 1 kwi
=[{E.ﬁﬂﬂ' ”(3_50};'&1.":" ]

1751 Ohm's law gives the resistance as K=

p=R-(AJL). The results of these calculations

symmarized in the table below.

(AV)/1 . From R=
for each of the three w jres are

ﬂ(w.uﬁwkwm =$0.019=[19 cents ]

plLJ A, the resistivity is given by

L (m) R (2] 7 (@m)
0.540 104 141x10™
1.028 211 1.50%10°
[.543 1.8 150=10™

The average value found tor the resistivity is

Py =Ea‘;i -[147x10* @-m

which differs from the value of p=150x107" 2-m =150%107* Q-m give

'l:rj,.r.

1752 The resistance of the 4.0 cm length of wire between the feet is

ol (L7x107 £2.m){0.040 m)

K== 3
& (0011 m)

so the potential difference is

e

1.79x10°" 2,

AV =IR={50 A}{1.79=10 gy _g9x10° v =[89 uv|

nin Table 17.1
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17.53 (a) The total power you now use while cooking breakfast is

P = {1200+ 500) W =170 kW
The cost to use this power for 0.500 h each day for 30.0 days is

cost = [ Fx(Ar) | xrate =[{1.m kW}[ﬂ.ﬁnu d%][sn.u days }]{'&UJ 20/kWh)=

{b) 1f you upgraded, the new power requirement would be:

P =(2400+500) W=2900 W

and therequiredmmmwnu!d}.m I=i=2mw=iﬁ.4ﬁ}2ﬁh

AV 110W

, your present circuit breaker eannot handle the upgrade.

1754 (a) The charge passing through the conductor in the interval
{1 ££<5.0 5 is represented by the area under the [ vs !
graph given in Figure P17.54, This area congists of two
rectangles and two triangles. Thus,

A=A i T s Aiirati s + "I!I'rlﬂgh'l

=(505-0)(2.0 A-0)+{40s-30s)(6.0 A-2.04]

+%[3.ﬂs—2.u 5)(60 A-2.0 A)+ %{5.:1 540 5){60 A—2.0 A)

s=[TEC)

(b) The constant current that would pass the same charge in 5.0 1s

(A0 _18C

3.6 A
At 50s
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=i=ﬂ.ﬂﬂ:ﬁ'1ﬂ1 w =

17.55 (a) From P=(AV)], the current is [
AV 120V

y is depleted 15

(b) The time before the stored energ

E 2 3
= =‘M'i_ — 2.5“‘;{1{:[‘" 5
#  s00x10° )5

Thus, the distande traveled is

(200 mys)(2:50% 10° 5)=5.00%10° m =[50.0 feam |

dsu:t=

i The volume af aluminum qvailable is

i
¥ =i'—-—'-'—m1:ls_5 = ——115K——'L1H k Y 4.15‘-"-:1':'-:' ]:I'I?‘
density | 2.70%10° kg m

ght equals the diameter, the volume is

17.

{a) Fora eylinder whose hed
ad i
1"' =| — =
T

" Wi
gyt | 4426 w107 m’
and the diameter is d ={%] s{—-[_’—-#——-—} =(0.037 85 m

The resistance between ends 15 then

4(7.82=107" &2~
i, ot o MBS 07D

R=A7 (md/4) “wd_ w(0.03785m)

{by Poracube, v =1, so the length of an edge is

L= (V) =(426x107 m)" =00315 m

The resistance between opposite faces 1s

. S
38210 Qm _EeeT @
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17.57 The current in the wire is I=P-E: 130V =150 A
E 01000

Then, from v, = IfngA, the density of free electrons is

M 150 A
ve(ar’) (317x107 m/s)(1.60x10" C)a(5.00x10° m) '

or ﬂ=]3.??:-€1U"IJ'm:'i

=

At temperature T, the resistance of the carbon wire is ®_= Rw[1+ e (T -—'HL;'I] - and that

of the nichrome wire is &, = R;.,U +ax, [T—Tnj] - When the wires are connected end to
end, the total resistance is

R=R, +R, =(Ry+ Ry, )+ (Rear + Ryt )(T=T,)

I this is to have a constant value of 10.0 k2 as the temperature changes, it is necessary
that

R, + R, =10.0 k2 {1}
and Ry a +R e =0 (2}

From equation (1}, R, =10.0kQ - R, _, and substituting into equation (2} gives |

(10.0 m‘ﬂn.]{'l’ﬂ?ﬂlﬂ‘" ("C) |+ Ra [n.m}:m-ﬂ () ]=0

solving this equation gives R, =&E k2 (nichrome wire_]]

Then, Ry, =100 kQ 5.6 kid=| 44 kQ (carbon wire)

i S :
(a) From .‘F=%Jht‘1‘ﬁ]5h’mmis RJ&:} J:ff_l?;j F@

{b) Solving R:iz—' for the length gives

I

=ill5m|

ReA (M Q)0010mm®)(
P BExI0T Qm | 10® mm?
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(c) The filament is Hghtly coiled | lo Bt the requ

fred lengih into a small space |

(d) From L=L[1+ @{T~T,)], where a=45%107 (

L

26 m

sCy", the length at T, =20°C 15

[ = =
" 1e(T=-T,) 1

1760 Each speaker has a resistance of f=4.0

w(45x10° (°C) ) (2 600°C-20°C})

= [*R, the maximum gafe current is

;m.=ﬁ=ﬁﬂw =387 A
R V400a

-[Em]

@ and can handle 60.0 W of power. From

Thus, the system Enut adequately protected | by a 4.00 A fuse.

17.61 The cross-sectional area af the conducting material i

Thas,

8 A =F{r;llr:' . I'ﬁ.n.rr}

35%10° Q-m)[40x107
R=£L~= { 5x10° & ':":I[ =10 qm] ? _ a7l R=E@]
A al(12x10° m) ~(050x107 m)

17.62 (a)
AV i R=AV/I
-15V —030x107" A 5.0%10° 2
1.0V —0.20%107 A 50%10° 2
~0.50 V —0.10%107° A 50=10° 2
+040V +0.010 A 405
+0.50 V +0020 A 2540
+055Y +0.040 A 14 52
+070V +0.072 A 97
+0.75 WV +0.10 A 7542
{b} The resistance of fhe diode is very large wihen the applied pu'centiﬂ difference has
ial difference has the opposile

one polarity and is rather small when the polert

p-u:!li!'l:'i.!.":'.
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17.63  The power the beam delivers to the targot is
P=(AV) =(4.0x10° V}[25x10™ A)=1.0x10° 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 P ={Am/At)c(AT) as

Am ¥ 1L.0x10" J/s
—_— = k
A ¢[AT) [41&.:-‘. 1/kg-*C){50°C) m

1764 The volume of the material is

mass 500 g 1m*
10% em?

= = =636x10"* m’
density  7.86 g/em’ J =

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

3
(a) From R= T ;}Ij: ,.r.;f; the: length of the wire is given by

A
- [V J(l.ﬁﬂ}{ﬁ.ﬂﬁxlﬂ m}=

11x10° Q.m

:
(b) The eross-sectional area of the wireis A= f.-f-n % Thus, the diameter is

AV _ [4(636x10% m?) _ .
_H.Irl. |~ #eam) 9.3x107 m =[0.93 mm |

i {n) The cross-sectional area of the copper in the hollow tube is
A =(circumference ) (thickness) = (0.080 m)({2.0%107 m)=1.6x10" m’

Thus, the resistance of this tube is

ol (17%10°* Q-m){0.24 m)

K=
A 1.6x107" m?

={2.6%107 Q
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{b) The mass may be written as m = ( density) - Volume =(density)-A-L

From R=pL{A, the cross-sectional area is A= pL{R, 50 the expression for the mass

becomes

- (1710 2-m)(1500 m)’
n:={dm1:yj-—ﬂ-=[ﬂﬂﬂ kg/m’ | TR =[76 kg

17.66 (a) Attemperature T, the resistance is K= ‘DT". where p= pu[l + t.l:'{ T- 1;}] ;

L=I,[1+/(T=T]] and A=A +a(T-T,)T = A1+2(T-T,)]

Thus,
I{=[ﬂnIF][1+ﬂ{T—T;}]~1_1+-:::'{T-Tu}]_ R, [1+a(T-T,)][1+&(T-T,|
A, [1+2a/(T-T,) ] 2 [1+2a/(T-T;}]
o =£ILL““_=|[].'F{I-1-:‘JI:]"’ ﬂ-m}{l;ﬂ{] m ) AT
Ay 7(0.100x10°)

Then R=R,{1+a(r~T,)] gives
R=(1082 Q) 1+(3.90 %107 °C)(80.0°C) | =[1.420 2

The more complex formula gives

3 H=[1&zun}-[n-{mm ,f**c}{ﬂt:s.n"cﬂ:m

[1+2(17x10%/C)(80.0°C)

Note: Some rules for handing significant figures have been deliberately violated in
this solution in order to illustrate the very small difference in the results obtained

with these two expressions.
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17.67 Note that all potential differences in this solution have a value of AV =120V,
First, we shall do a symbolic solution for many parts of the problem, and then enter the
specified numeric values for the cases of interest.

From the marked specifications on the cleaner, its internal resistance (assumed constant)
i5
(AV)

R, ke where F,=535 W Equation (1)
1

If each of the two conductors in the extension cord has resistance R, the total resistance
in the path of the current (outside of the power source) is

R, =R +2K, Equation (2)

s the current which will exist is 1 =AV/R, and the power that is delivered to the cleaner
18

L 1 | 1
S AV (VY (AV) :
L = "'R =| — — | e ——a = h
PP Jx (H] 5, R i

The resistance of a coppet conductor of length I and diameter d 15
{ T

Re=bo g =P Tafa) . wf

Thus, if K, . is the maximum allowed value of E., the minimum acceptable diameter
of the conductor is

dpo.. 0 '

d = = Equation (4)
g

(a) If R =0.900 £, then from Eguations (2) and (1),

(AVY (120 vy
R =R +2(0500 )="——+180 Q=""r—
23 "9 535 W

= |

+1.80 @2

and, from Equation (3), the power delivered to the cleaner is

P (120 V)| — - [70W]
s [E!?-*F*lll‘ |

. _+1.808 W
535 W i &LSEE )
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(k) 1f the minimum acceptable power delivered to the cleaner is ¥, , then Eguations
{2) and (3) give the maximum allowable total resistance as

(av)' _ (avY

RJ.I.I.': = Ri +mlm.u. - Fni“ﬂ:: FFNEHJ:

Caf (avyp | _] vy _(avy (avy [ i1
E"“"'z[;?a:-_,hf, H"] E[,}me?, ?, } 2 :;'ISJMF :’P]
_(120¥) 1 1

& = 2 [.J'[Tﬁzswnszawyx 535 W

] =(.128 1

[4{17x10* @-m){150m) _
and, from Equation (4}, o, %) #{0.128 )

When #,,, =532 W, then

_2ovy[ 1 .=
2 | J52wW)(535W) S3BW

B ]=n.u3?9 [}

4(1.7%10°* £2-m )(15.0 m)
d, . T 15‘3
it i J ﬂ-{ﬂ onara g m




