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5.5 Temperature Dependence of a Light Bulb’s Resistance

A 100-W light bulb is connected in series to a source of emf with V__.= 100 V. When
the light bulb is lit, the temperature of its tungsten filament is 2520 °C.
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SOLVED PROBLEM 5.4 Slze of Wire fnr a Power Line

PROELEM

Imagine you are designing the HVDC power line from the Itaipta Dam on the Parana River in

Brazil and Paraguayv to the city of S3o Paulo in Brazil. The power line is 800 km long and tansmits

6300 MW of power at a potential difference of 1.20 MV. (Figure 5.22 shows an HVDC line.)
The electric company requires that no more than 25% of the power be lost in trans-

mission. If the line consists of one wire made out of copper and having a circular cross
section, what is the minimum diameter of the wire?
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Residential energy costs:  : JJiball & 43Ual) éblgin il

The unit of measure for energy consumed in electricity bills: KWh
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Wil = F (KWh) X KWh

W<l = p (KW) X & (h) X KWho»
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5.58 How much money will a homeowner owe an elecrric company
if he turns on a 10000 W incandescent light bulb and leaves it on for
an entire year? (Assume thar the cost of elecrricity is S0.1 2000 kKWh
and rthar the light bulb lasrs thar long.) The same amount of light can
be prowvided by a 26000 W compact fluorescent lighre bulb. “WWhart
would ivt cost the homeowner to leave one of those on for a yvear?
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5.1 If the current through a resistor is increased by a factor of 2, how

- i 25 fhes gaa o) Jo 2 Jalag pglall s 5Ll Jlasa ol 13] 5.1
does this affect the power that is dissipated! e s gl I Sl Jlada 30

Sadal) 8yual
3) It decreases by a factor of 4. 4 Ll Jus (e
b) It increases by a factor of 2. 2 Jalss a3 (b
¢) It decreases by a factor of & 8 Lulag s (c
d) It increases by a factor of 4. 4 il “”@
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3) slightly greater than the resistance of resistor A B pslal) dglas o ulas 8] (c
b) slightly less than the resistance of resistor A B polid] aslas oo Jela

¢) slightly greater than the resistance of resistor B.

5.2 You make a parallel connection berween two resistors, resistor
A having a very large resistance and resistor B having a very small
resistance. The equivalent resistance for this combination will be

d) slightly less than the resistance of resistor B.



5.3 Two cylindrical wires, 1 and 2, made of the same material, have s zoglal) Legly Lguais 8311 oo legiuan 25 1. ololgda oSl 5.3
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5.5 All of the six light bulbs in
the circuic showmn in the fAgure
are idenrtical. Which ordering
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5.6 Which of the arrangements of three identical light bulbs shown in
the figure draws the most current from the battery?

a) A d) All three draw equal current.
b) B e) A and C are tied for drawing the most current.
c) C
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5.7 Which of the arrangements of three idenrtical light bulbs shown
in the figure has rthe highestr resistance?

a) A d) All three have equal resistance.
b)) B e) A and C are tied for having rthe highesrtr resistance.
c)
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5.8 Three identical light

bulbs are connected as
shown in the figure. Initially

the switch is closed. When
the switch is opened (as
shown in the figure), bulb C
goes off. What happens to
bulbs A and B!

a) Bulb A gets brighter, and
bulb B gets dimmer.

b) Both bulbs A and B get
brighter.

_/; :
Switch ¢
— —-d}
Battery

¢) Both bulbs A and B get dimmer.
d) Bulb A gets dimmer, and bulb B gets brighter.
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5.9 Which of the following wires has the largest current flowing through i
a) a 1 m long copper wire of diameter 1 mm connected to a 10-V battery
b) a0.5-m long copper wire of diameter 0.5 mm connected to a 5-V battery
¢) a 2-m long copper wire of diameter 2 mm connected to a 20-V battery
d) a 1 m long copper wire of diameter 0.5 mm connected to a 5-V bartery
e) All of the wires have the same current flowing through them.

5.10 Ohm’s Law states that the potential difference across a device is equal to

a) the current flowing through the device times the resistance of the device.

b) the current flowing through the device divided by the resistance of
the device.

c) the resistance of the device divided by the current flowing through
the device.

d) the current flowing through the device times the cross-sectional
area of the device.

e) the current flowing through the device times the length of the device.
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5.11 A constant electric field is maintained inside a semiconductor.
As the temperature is lowered, the magnitude of the current density
inside the semiconductor

a) increases. ¢) decreases.
b) stays the same. d) may increase or decrease.

5.12 Which of the following is an incorrect statement)

a) The currents through electronic devices connected in series are equal.

b) The potential drops across electronic devices connected in paralle] are equal

¢) More current flows across the smaller resistance when two resistors
are connected in parallel

d) More current flows across the smaller resistance when two resistors
are connected in series.
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5.13 Identical batreries are connected in three different arrangements
to the same light bulb as shown in the figure. Assume that the
batteries have no internal resistance. In which arrangement will the
light bulb shine the brightest?
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a) A d) The bulb will have the same brightness in all three
b) B arrangements.
) C e) The bulb will not light in any of the arrangements.
Battery Battery
- - - =
Battery Battery
Battery Battery
. ) | - p—
A B C
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5.14 Identical barteries are connected in three different arrangements to the
same light bulb as shown in the figure. Assume that the batteries have no
internal resistance. In which arrangement will the light bulb shine the brightesg?
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a) A d) The bulb will have the same brightness in all three

b) B arrangemernts.

c) C e) The bulb will not light in any of the arrangements.
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5.55 A wvolrtage spike causes the line volrtage in a home o jump
rapidlwy from 110. VW to 150. V. Whart is the percentage increase in
the power ourpurt of a 100.-%WW tungsrten-filament incandescent light
bulb during this spike, assurming thar thhe bulb’'s resistrance remains

CoOonsctantc?
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Jew zogie gloal s,0n)) 5 3 3L agil) 4wl L IS0V J) 110V
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5.56 S thundercloud similar o the omne described in Exarmple 2443
produces a lighrming bolre thar srrikes a radio tower. If the lighrming bolr
transfers SO0 C of charge in abouur O.1 00 rms arnd cthe porenrtial remains
COnNnsStant ar 000 AW, fOnd a) the average currentc, (b)) the average power,
() the toral energy, arnd (d) the effecrive resistance of the air duringge the
lightnming strike.
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b) P =iAV =5.00 x 10* x 70.0 x 10° = 3.50 x 10'*w

a) i =

¢) E=Pt=3.50x10"%x0.100 x 1073 =3.50 x 108 ]

AV 70.0 x 10°

d) R = = = 1400 ()
) l 5.00 x 104




5.57 A hair drver consumes 1600. W of power and operates at 110. V.
(Assume that the current is DC. In facrt, these are root-mean-square
values of AC quanrities, bur the calcularion is nort affecred.

a) Will the hair dryer trip a circuit breaker designed to interruprt the
circuit if the current exceeds 15.0 A2
b) Whart is the resistance of the hair dryer when it is operating?
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5.59 Three resisvors are connected across a bartrtery as shown in the figure.

a) How much power is dissipared across the three resisvors?

192 )

A~ QM) leglal) 3 325l 5,020 L (a
pglee S e g olese) sas (b
120 V =— 192 Q 192 b) Determine the potential drop

across each resistor.

AVZ 1202

1
1 _ _ _ _
Req = 192 + (155 +795) " = 2880 @) P = 3= g5 = SOW
b) i Lemr 120 4174
Req 288 | 0.417

AV,=iR; = 0.417 x 192 = 80.0 V AVy=AV,= iRy = ——Xx192=40.0V



5.60 Suppose an AAA barttery is - 7 - ] T
able to supply 625 mAh before _ aJJLa‘ AAA d:r_;LLp g ue sl 5.60

its porential drops below 1.50 _L'ig.:..t- J..j 025 mAh dog uJ.r.
V. How long will it be able rto )
supply power to a 5.00 W bulb i gﬂl sull L 150V ST RVES

before the porenrtial drops below 1.50 W7 th Ly uJ"" Lgma- aﬂ& Eu_}Ua...”
150V e lang> olasel Lo aalaJL 5.00 W 5,un

P 500
AV 1.50
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5.61 Show that the power supplied to the circuit in the figure by

+] —

|Iml the barttery with internal resistance R, is maximum when the resistance
of the resistor in the circuir, R, is equal to R,. Determine the power
supplied to R. For practice, calculate the

vV power dissipated by a 12.0 V barttery with A R,... A
P = iZ R : i= emf  an internal resistance of 2.00 €2 when R =
R + Ri 1.00 €2, R = 2.00 €2, and R = 3.00 1.
P,=( 12.0 )% 1.00 = 16.0W
17 M.00+2.000 " |
12.0 12.0

P, )% 3.00 = 18.0W P, )% 1.00 = 17.28

= G 007200 =G 007200



«5.62 A water heater consisting of a —alo uL’; (5= clo Glsnidd uﬁ—f 5.62-

metal coil that is connected across the ey 15,0V 5,08 jamae o) _,_I:b Jatio
rerminals of a 15.0 V power supply is ) 48,30 a,) > a> 3 e W) oo 250 mL

able to heatr 250 mL of warter from room
Tall) doglae Lo 45.0 5 fane 3 oLl > s

remperature to boiling point in 45.0 s. Whar is the resistance of the
coil?
c=4186]/kg.C
Q =mC AT

E= Q=mCAT =0.250 x 4186 x (100 — 20) = 8.37 x 10%J

P_E_8.37><104_1 ot &L W
t  45.0 @
AV 15. 02
R=—-= =0.1210

P 1.86 x 103
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