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Current and
Resistance

31.1 The Electron Current

1. Alightbulb is connected with wires to a battery, and the bulb is glowing. Are simple observations and
measurements you can make on this circuit able to distinguish a current composed of positive charge
carriers from a current composed of negative charge carriers? If so, describe how you can tell which it
is. If not, why not?

No, eirnes Flow could explaintine doeVotrions We.
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diveckionthvouon e avaunit would “ ook Hhe.
Soane! 0 o Flow ek Negadive dnovars in Hne,
opposite direchion interms of teopposite

\wWe conmwake:

2. Describe experimental evidence to support the claim that the charge carriers in metals are electrons.
Use both pictures and words.

Tn 191, Tolmow ond Stewowd coused oedal fod 4y
decelerote Very quickly ond found o neopdive,
d:\omx,\ onthe Ceox sufoce. This is an indicotion
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3. Are the charge carriers always electrons? If so, why is this the case? If not, describe a situation in
which a current is due to some other charge carrier. NO .

Elechrans awene noworecorviess in wetols.
2ok oner conductors ke lonic solutions
o Lt condLerivs \owe c,\/\oor%e, CONYIe(S
Hnod are not eleckrons.
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31.2 Creating a Current

4. The electron drift speed in a wire is exceedingly slow—typically only a fraction of a millimeter per
second. Yet when you turn on a light switch, a light bulb several meters away seems to come on in-
stantly. Explain how to resolve this apparent paradox.

Becose Hhe wive erwesn he SWiten ond e boulb
iS5 alveody full of elecdvens, oflow of eleckrong
Seom e switchn info the, wive, immeds Cx*e,\\, COMSES
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nto fhe loullo:

5. The figure shows a segment of a current-carrying metal wire. £ctmn

. . . . . . current
a. Is there an electric field inside the wire? If so, draw and label an arrow on the figure to

. . . r) !
show its direction. If not, why not? @
See T Gt . i
, E
i ] -
{

L
b. If there is an electric field, draw on the figure a possible arrangement of charges that S
could be the source charges causing the field. See %'lﬁu\l‘ 2. T

6. a. If the electrons in a current-carrying wire collide with the positive ions more
frequently, does their drift speed increase or decrease? Explain.

TS e ColliSions oetuy (Move PCe.C\U\e,vﬁ—\ Mok Meons
Hrod- the pneon Tivne loetween Colli s'\ovx\g T decreoges.
Thethe At Spred 0130 decvreases. Ja e

™

b. Does an increase in the collision frequency make the wire a better conductor or a worse conductor?
Explain.

A Wovse conduckoy. (= n AVd

ASmoalley A §t speed meons asmoller Curvent
wWaich \neons Fewesr elecrvrons aEing pos+t
00 Second:

c. Would you expect a metal to be a better conductor at high temperature or at low temperature?
Explain.

Metols 0 \ordter Lonductors od- lowtempr rodin(es
lecousr there o mere. Collikians ok Wighe
tenpevotiures duete inCreosed Hnerwiol Motion.
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31.3 Current and Current Density

7. What is the difference between current and current density?

Lorrend isthe Code ok Which c,\ncx e
MoNeS Havrow oi\ awive: Cuerent de\r\S\*Y 9,
i< Hhe QUCNYt Pey SGL\AON’E, wetee oF
CAOSS Seckion. S‘

8. The figure shows a segment of a current-carrying metal wire. W\O\‘\O\'\ °

a. Draw an arrow on the figure, using a black pen or pencil, to show the direction C,‘{\cxf R \
of motion of the charge carriers. Corne

b. Draw an arrow on the figure, using a red pen or pencil, to show the direction of

the electric field. E
9. Is I, greater than, less than, or equal to /{? Explain. QJ\,‘Z
T 5=T, The low of corsevation
o%c_\xww\)r stodres thatthe, ’ "

Qirlet iS e S o oll pints
m oxc,wmvx’r Qc»rmm wive The

wWenrdt in T, eguods The cwrent
0\::\-,1'3 o¥+\ne, \oeqb

10. All wires in this figure are made of the same material and have the same
diameter. Rank in order, from largest to smallest, the currents /; to I.

Order:I‘ T-Iq >Ia ‘.’.Is

Explanation; llz 131
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11. Alightbulb is connected to a battery with 1-mm-diameter
wires. The bulb is glowing.

a. Draw arrows at points 1, 2, and 3 to show the direction of
the electric field at those points. (The points are inside the
wire.)

b. Rank in order, from largest to smallest, the field strengths
El’ Ez, and E3.

Order: E—'l:' E—Q: EB

Explanation:

TWe cuvrrent is+heSome ak evevy POt
inthewive and Tx E.

12. A wire carries a 4 A current. What is the current in a second wire that delivers twice as much charge in
half the time?

B N T Uk - Y c YO TR L T -

13. The current density in a wire is 1000 A/m* What will the current density be if the current is doubled
and the wire’s diameter is halved?

5-T/p IE the diownetor isholved Hae
oceor is reduced s g, e T 'z AR = I3
The Quvrvent devxsiﬂ Will e, 000 Hma.
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31.4 Conductivity and Resistivity

14. Metal 1 and metal 2 are each formed into 1-mm-diameter wires. The electric field needed to cause a
1 A current in metal 1 is larger than the electric field needed to cause a 1 A current in metal 2. Which
metal has the larger conductivity? Explain.

MeXxol o.
E-\:"j: Eaf;;— = = Ss

> g—-—

G A G.Q'A E} )

15. If a metal is heated, does its conductivity increase, decrease, or stay the same? Explain.

Asthe rempenod e Wt osesthe conduckiy:
decvecses. At fempevoduwe, _\mmo&eucsﬂrm\t{
Frenmod Viorodians of £ \odtt (e odong jyyevenes
<o e QO\\/\\%\OV\% \oec,c‘{nQ, Wore Sveguend \N\f\i& -
AecyesseSTAne WieonHiwe of collisions,and-te feloy decases &'

16. Wire 1 and wire 2 are made from the same metal. Wire 1 has twice the/diameter and half the electric

field of wire 2. What is the ratio I;/I?

T 2B, oA=E, &Y T,=E,0@0R?).E = Ex
T, (%_%\o"\T (>0a)? T (= 9_%}
T,28(E 0N, Ty

17. Wire 1 and wire 2 are made from the same metal. Wire 2 has a larger diameter than wire 1. The electric
field strengths E; and E, are equal.

a. Compare the values of the two current densities. Is J; greater than, less than, or equal to J,? Explain.

J=3%
Sowmne metol weons O, =0,

o2k o d JooE
b. Compare the values of the currents Iy and I,.
I|=c—‘lE\Al G20,

- E,-"ED_ —
To>0akafa p s, 5T>T,

c. Compare the values of the electron drift speeds (vq); and (vg)o.
TS=neVa Sinee T,2J 4
then (Va) = Va) 5
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18. A wire consists of two segments of different diameters but made from the same
metal. The current in segment 1 is /5. _Il
1

a. Compare the values of the currents in the two segments. Is I, greater than, 5
less than, or equal to /;? Explain.

T =I5 Dueto conservodion of et dhe Cugvens
ey WRYCE TR WivR. iSthe somie- The vwamloe v of oy e
Possivapes U MUSTHoR fhe some n wices | and o 'S

b. Compare the values of the current densities J; and J5. .3. J-
172

=,_:E_. -S =T
S, A P T}- A|<A3

¢. Compare the strengths of the electric fields Ey and E; in the two segments.
G =83= oy E- S

E=SL £33 > E o

VT & —=

G o

d. Compare the values of the electron drift speeds (v¢); and (vg),.

J=nedd sinee V., >33
Fren Wa),>WVd),.

19. A wire consists of two equal-diameter segments. Their = ; 7 :
conductivities and electron densities differ, with oy > o7y } @ ! | ) = )
and ny > ny. The current in segment 1 is [;. 1 2

a. Compare the values of the currents in the two segments. Is I
greater than, less than, or equal to /1?7 Explain.

Dueto consevvodion of cusyvent T,

MUSt e gquol Yo L g.

b. Compare the strengths of the current densities J; and Js.

3;% T % Since T,= Laond Azhy,

' > Mens,=J%

.C. Compare the strengths of the electric fields Eq and E; in the two segments.

E=*3L, Ey=J2 T2Jsond 0355
S S Mewefore B, >E 5.

d. Compare the values of the electron drift speeds (va); and (va)y.

3= neVd TE Np >N, Hhen T = T,

Meons (Va), > (Vd), -
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31.5 Resistance and Ohm’s Law

20. A continuous metal wire connects the two ends of a 3 V battery with a
rectangular loop. The negative terminal of the battery has been chosen as
the point where V=0V.

a. Locate and label the approximate points along the wire where
V=3V,V=2V,andV=1V.

b. Points a and ¢ are inside the wire. Point b is inside the battery. Does the
electric field at a, b, and ¢ point left, right, up, or down? Or is E = 0?7

Ea’%&%\(x{f,_, £EDown £ Left

c. In moving through the wire from point 2 to point 3, does the potential increase, decrease, or not
change? If the potential changes, by how much does it change?

The potentiol decre ases ondine decvense, 13
Viveoys Witla-ine Aistovce troveled ovaundthe,
Wite, Nag =-3N

d. In moving through the battery from point 2 to point 3, does the potential increase, decrease, or not
change? If the potential changes, by how much does it change?

The porevdHal decveases oy V.

e. In moving all the way around the loop in a clockwise direction, starting from point 2 and ending at
point 2, is the net change in the potential positive, negative, or zero?

2ev0. AVyz =3V and Ny, =+3V

21. a. Which direction—clockwise or counterclockwise—does an electron travel
through the wire? Explain.

Couvwnsteyclockwise . The e le v Willlee,
(epiled oy e orive, electvode, oftne

loodtbery ondl odtroctRA fothne positive elechade.

b. Does an electron’s electric potential energy increase, decrease, or stay the same as it moves through

the wire? Explain. Decye, ae s .
A Cnovoe. sl ways woves inthe divectian o%decmo\stng

L]

potrentiol enesray os QOIS Rintie enevay.

c. If you answered “decrease” in part b, where does the energy go? If you answered “increase” in part b,
where does the energy come from?

The e es intothe narease ntne Kwetic
Q,Y\e){‘%\{ @-\&Q ‘

: Hne elechron ond thevefore, into on
MRS in its Speed.
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22. The wires below are all made of the same material. Rank in order, from largest to smallest, the
resistances R; to Rs of these wires.

L 2L

L
o =0 : ) =0 gt

4L

O1rder:"_R|.k >R \T.. 'RS >R 3 >—‘R9~

Explanation:

'R::LL: ?":_e__l:'_ ? = L- :__‘_. z (‘AL') )
N I = A

'RL\'JP(.)-L)_;Q:K R = pl4L)
o R? S d%)‘_@-k)’:R‘

23. The two circuits use identical batteries and wires of equal
diameters. Rank in order, from largest to smallest, the
currents I, I, I, and I4 at points 1 to 4.

Order:I‘:'j:a.>:[3:Il{. ™

Explanation:

Consarvotion ofF aarvend feguives -
TeTs W'LQ,‘JI.‘% - Howevue‘gime ]—;—
he wive onthe Vi is \onaess then

irs Vesistonce is %fﬂ)c‘rb(‘ = E};-») ana
nevefove, Hhe cuareidr (s smallexe (T =V/R).

24. The two circuits use identical batteries and wires 1
of equal diameters. Rank in order, from largest to
smallest, the currents /4 to I7 at points 1 to 7.

Order:I y ':I,? >I ‘=I Q'E-IB:-I 5 :Ib

Explanation: 2

Covepnvodionnataurvend Yequives T =T =Ty The,
LNt in e Wive ig, T3 AV/R. The Wives Oe
idexdricol cond Wowe e Sonne. (esistence. The loater es
nowe e Somne potet-iod diffeence. Thevofore

T5=L =T, From wnsexvotion of crverd Fne
Carvent o oot 4 must go p@ﬁ-i&\\xi Yo point 5
00 pocial iy to poivit b Thevefore T) ST .
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25. A wire is connected to the terminals of a 6 V battery. What is the potential
difference AV, between the ends of the wire, and what is the current [
through the wire, if the wire has the following resistances:

AR=10Q A= N 1= A 6V

‘Wire resistance R

b.R=20 AVyire = = 3A
CR=30 AV,io = 1=
dR=60 AV = = 1A

26. The graph shows the current-versus-potential-difference relationship 1(A)

for a resistor R. 5.0

a. What is the numerical value of R?

,R-’o-—ée.v 5A“gﬂ V)

2.5

b. Suppose the length of the resistor is doubled. On the figure, draw the
current-versus-potential-difference graph for the longer resistor.

27. For resistors Ry and Ry:

<—€‘r . )
a. Which end (left, right, top, or bottom) is more positive? R, —

R, Ciant R, "_‘G‘D

b. In which direction (such as left to right or top to bottom) does
the potential decrease? R

R, Ciownk toleft
r, totd to bottovy

28. Rank in order, from largest to smallest, the currents I to I through these four resistors.

—

+ 2V - + 1V = + 2V - + 1V -
i EnEE @& — D
20 0 ) 20 7 10 0 I 10 T
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29. Which, if any, of these statements are true? (More than one may be true.)
i. Abattery supplies the energy to a circuit.

ii. Abattery is a source of potential difference. The potential difference between the terminals of the
battery is always the same.

iii. A battery is a source of current. The current leaving the battery is always the same.
Explain your choice or choices.

L. True. The dnemicol feackions inthe, electvol
Sepoocte. e poditive ond V\e%odwt, AN e,s\jw\s
%{x&% o\x“ ﬁwh%\ d\i‘%@(‘e_\(\cﬁ. ;{M ém \‘C—SW\

L t Y\ DT\
“&Q\ d&%evecv\tce nowe ERErZY Eue °
L. I{- istrue et o\\ooér‘ch\{ IS 00 UL, oF oo
diffevence. Buk the potewtiol difference is
alwoys e Soyve ON LY Sor 0 IR0 bodrrexny.
T oneod Dodery heve o nexay 0S$es <o
+he termined Voltoae is not Awoy's he Seme.

(i False Thie axntvest leaving de loodt yd
upon the resistonee, in *&e‘ Qew ng qu\ds

© 2008 by Pearson Education, Inc., publishing as Pearson Addison-Wesley.



