For the circuit shown where ris an internal resistance and R is

an external resistor, which potential difference corresponds to

the terminal voltage of the battery?

Tevminal Vol‘baﬂ& is the potential diffevence measured
acvoss the tevminals of Ehe battery. n bebween Ehe
ba:H’ewd terminals bhere are the emf (£) and +Hhe
intevnal vesistonce (v). On this dia%ram . the teeminal s
wowld e \oca:keé o.JC' poir\JYS K and M) sinte the £ and r
ove bebween these two pot nts.

A\/KM = AVT = Tevminal voH-acSe,

The extevnal vesistsr R wonnects direc!'[j +o Po\'wrl's K and
M 50 the VOHITO\%B acvoss R is exac:"’[(j the tevmina |
Vo\-buae,_ When cuvvent €lows —Hwou.aln the cirewit,
some of the emf is “used vp " dvivmﬁ cuvvent through
tae intecnal vesisbance Cand only the remainder o—?
Hr\e QM’S: afpwrs 0LvybSS the Joe,vmfna,lsr

A\!T = £ -Tr
T vb\taéoe dv-o() acvess internal

(esis v whew CUWVe-V\'l'

This formula assumes the s -anuuci\'\ .

\oa‘H'ew.j is dl'sc\/\argi\na , 8o
bhe intevnal resishoc produces o VDH:'acse dvop - meaning
l;\r\e ’CeVm{na,\ \IoHdease (s \e_SS ‘{3\/\6.\/\ 'HA& e,vvx—?. lP \'V\S'l’ea\a)
the \oa'l'\'ewj fs be\'mj c.‘navcseci b(j an external Seurce



cuvvent Flows in bhe bﬂ)oSH‘& divection and +the
internal resistor Pwduce_s o Vo\%aﬁe, gain, mak\'ms
the tevminal Vol{:a%e, are,a{:ev than . This is what
\naup()emﬂ when ;)VM?’s'\'dV‘l?\.V\ﬁ a cav : the 3000‘ batt ey
drives cuvvewt backward through the dead ba:H'evij ,
Pusl'\inﬁ its terminal Vol'baﬂe obove its own ﬁ

!
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A battery has emf = 12.0 V and internal resistance =3.00 Q. A
voltmeter is connected to the terminals of the battery; the
battery is hot connected to any other external circuit
elements.

What is the reading of the voltmeter?

The volbmeber veads 12 V.

\/\/l/\e,v\ the \Oa‘H'wﬂ ¥ V\o't covmaci:ecl to O.V\‘j &X‘l'avna,,
civeuit elements the cfvewit s opew ond no curvent
flows (T ;03.

AN_=C-Ir

-
N, =12V - (0)(30) =12V

Since there is no curvent | theve is no val’cacje dvop
acvoss Hie tnternal vesistor and the full emf rs
meoasuved ab the tevyminals. The volbmeter veads
exao{:llj the emf of bhe \oa‘H@Vﬂ.



A battery has emf = 12.0 V and internal resistance r = 3.00 Q. A

21.0-Q resistor is connected to the terminals of the battery.

What is the current through the battery?

The cuvvent l:\nvouﬁlq the \oa:l’tenj (ama\ Hnrous\n every
Q,\QW\eV\JC in the C/\'vr,u.i{::) s 0.5 A,

When the 21-0) extevnal resistor s convected

acvoss the tevwiinals K and M the intevna )

ves'\s*\'cmca ond the e,xlsevvxal \resis+amca ave in

Sev(es, 56 the 'lwlia,l veS{S*I'aVLc& in the c,l'vcu.it 15
Ry = Rer=2la+30n = 24 0

The emd is the \ro\{:aﬂe Source drivincj cuvvent
HMDUQ)"‘ Hhe tobal resistance in bhe civewit. So

we can aﬂol Ohm's law using the full em€
a,nc\ fb%al \fgsfs{'avxce: 6

IT=E =1V =054
Qh&u\ 24



A battery has emf = 12.0 V and internal resistance r = 3.00 Q. A
21.0-Q resistor is connected to the terminals of the battery.

What is the current through the 21.0-Q resistor?

The cuvvent %V\Vouﬁ\n the 21 L vesistov is 0.5A.

Since theve is cmhj one looF in this afrcwu't)
theve s ow\j ong Pal:l/\ ‘FDY wrremt +o -C[ouo.
This wieans the same cuvvent Flows Jc\nvoualn
evevy elewert in the dvewit - Hhe ot evy, the
intevnol v-e,sis‘\:'or' and He e-;c—l—evv\d vesistor oll
cavvy e Same curvent calecwlated in Hhe
?Ve\flous Pav’t.



A battery has emf = 12.0 V and internal resistance r = 3.00 Q. A
21.0-Q resistor is connected to the terminals of the battery.

What is the potential difference across the 21.0-Q resistor?

The \70‘\’ e,VllG\'o.l d(\ﬂe@vzww aovess the 11 O re,sfs-{-br
s 0.5 V.

The e,ﬁkavvxau\ vesisl*or R has o cuvve,vft 0{3 0.5 A
Plowimg Jc\woug‘f\ it. We can find the pobential
di SFevence acvoss it blj mppl%tng Ohm's law -
e Vol’cao‘sc aCvressS a vesistor (5 simPhj the
vy onb {:\/\voug\/\ it wulbi F\(CA lolﬁ its ves stance

N, =TR = (05M(210)=10.5 V

A battery has emf = 12.0 V and internal resistance r = 3.00 Q. A

21.0-Q resistor is connected to the terminals of the battery.

What is the terminal voltage of the battery connected to the

21.0-Q resistor?

The terminal vo\tcxﬂe of the \m‘l’\'cwﬁ s (0.5 V.

T™we terminal VoH:ow\e s the VoJCavvl:l'o.\ diffevence



ocvoss the tevwminals of dine ba'H'eJVﬁ : A\/KM.
Cinee ne 'LX‘\'Q‘(NL] ve.s[s-l—vr R s connected
A\'vec:\’\xj beTween K and M Hae ?oh?,wbia,\ di Fevence
ocvess R e the same os the ?o‘\' ential difference
0LV 083 Pne -\'evmivxa\s:

AN, = AN, = 0.5V

We can confiven Hhis using the frevminal '\IDH‘dﬂez
—Covmu\a, which adds the po’CeV\Jc(a,l di ffevence

0L V055 Ylhe a,vw—j: amcl e \Ion%e O\VDP acvess Hhe
ivitevnal vesistor

N, = E-Tr = 12V - (054)(30) = 12V-15V = 0.5V
Both w@\ovoao\/\es give the same vesult | as es(pec:\'e&.

The fevminal voltage is less bhan the emf because
he internal vesistor produces o V°H;M§e Av-o? of
\.6\ when CAA.VVQ,\/\'E -g\b\x\% -Hmroua\'\ .



