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Mepiexopeva KepaAaiou 26

* HAekTpeyepTIKA Auvaun (HEA)

* AvTioTaOo€IG O€ oeIpa Kal MapaAAnAeg
* Nopoi Tou Kirchhoff

 KukKAwpata o€ Zg1pd kai NMapaAAnAa
« EMF-®6pTIon M1Tarapiag
 KukAwpata RC

 Métpnon Taoewg kai PeUJaTog



26-1 HEA

‘Eva  nAekTPIKO KUKAWMOA aTraITeEl  KATTOIA
MTTOTAPIO | OUVAMO TTPOKEIMEVOU VA «TTOAPAYEIR
peUpha. O1 TrNYEC QUTEG ovopalovTal TTNYEG
NAEKTPEYEPTIKNG OUvaung (HEA).

H ptratapia €ival Tnyn otafepng TAoews aAAa
EXEl MIO MIKPN ECOWTEPIKN OAVTIOTOON N OTroia
MEIWVEI TNV TAON TTOU ATTodidEl ATTO AUTR MIOG
10aviknG TTnyng HEA.

Vab — %_I}”.



26-1 HEA ka1 Taon otou NM6Aoug

H eOCWTEPIKNA AUTH AVTIOTAOT CUMTTEPIPEPETAI
w¢ va NTav o€ ogipd ue tnv HEA.
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Terminal voltage

Vab




Mia 65.0-Q avTtioTaon
OUVOEETAI NE MTTATOPI
12.0 V 1TOU €£XEI EOCWTEPIKN
avrtiotaon 0.5 Q.

Bpeite (a) TO peUpa TOU
KUKAwWMaTOS (b) TNV TGON
£€OO0OU TNG MTTATAPIOG
V,,, Kal (C) TNV 10XV TTOU
KOATAVOAWVETAI OTIG
AVTIOTACEIS R Kal r.
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SOLUTION (a) From Eq. 26-1, we have
Vi = € — Ir.
We apply Ohm’s law (Egs. 25-2) to this battery and the resistance R ol the
circuit: V,, = IR. Hence IR ="¢ —[Ir or % =I[(R + r), and so
( 120V 120V

I = = = = (.183 A.
R +r 65040 + 050 65.5 ()

(b) The terminal voltage 1s

Vipb = & — Ir = 120V — (0183 A)(0502) = 11.9V.
(¢} The power dissipated (Eq. 25-7) in R is

Py = I'R = (0183 A)P(65.00) = 2.18W,

and n r 1s

P.o= I'r = (0183 A)Y(050Q) = 0.02W,
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26-2 AVTIOTACEIG O€ ZE1pA

2Uv0eon o€ OLIpA: £XOUME KOIVO pEUMA

R R R
I Vi 2 V3
+ -
||
(a) 1%

H TTTwon Tadoswg gival avaAoyn TnS avtioTaong
V =V, +V,+V, = IR, + IR, + IR;. |series]
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26-2 AVTIOTAOEIC O€ 2E1pA

H ouvoAIKR avTioTaon gival To d6poioua Twv
OVTIOTACEWYV

R = R + R, + R;. |series]
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26-2 MapAdAAnAec AVTIOTACEIG

2TNV TTaPpAAANAn ocuvdoeon: Exouue idia Taon
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26-2 MapAAAnAec AVTIOTACEIG

4R
I — Il —+ 12 —+ ]3
* ’ v vV VvV Vv
—_— _|_ — —
Rq R R R
—— 1=
L _ 1 + ! + L. [parallel]




(a) Ta Aautmdkia TOU TrapadeiypaTog Eivai
TTOVOMOIOTUTTO. 2€ Trolo ouvdeon EXOUUE
MEYOAUTEPN @wTeIvoTnNTa (b) Me TroIoV ATTO TOUG
OUuo TPOTTOUG OUVOEOVTAl TA QWTA TOU
OUTOKIVATOUV;

v W

L4

(1) Series (2) Parallel

H TrapaAAnAn ocuvdeon gival n cwoTnh!
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AUo AauTTTHPEG, 100-W, 120-V ka1 60-W, 120-V
ouvOiovTal NE OUO JIAPOPETIKOUS TPOTTOUG. AYyVOWVTaG
TNV METABOAR TNG avTtiotaon AOyo OegpuorTntag, Bpeite
TTOI0G Aaungrg%ag gival QWTEIVOTEPOG

AYAYAYAYA e 60 W 100 W
—\WW——WWW\—
100 W
AYAYAYAYA e
120 V
120V T
| 1

RESPONSE (a) These are normal lightbulbs with their power rating given for
20V, They both receive 120V, so the 100-W bulb is naturally brighter.

(b} The resistance of the 100-W bulb 1s less than that of the 60-W bulb (calculated
from P = V*/R at constant 120 V). Here they are connected in series and receive
the same current. Hence, from P = [°R (I = constant) the higher-resistance
“60-W" bulb will transform more power and thus be brighter.

NOTE When connected in series as in (b), the two bulbs do not dissipate 60W
and 100 W because neither bulb receives 120V,
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NMNéoco peupa Tpafasl To
KUKAWMOA OTTO TN MTTOTAPIA]

~ —

i

SOLUTION The equivalent resistance, R, of the 500-£) and 700-{) resistors in
parallel i1s given by

1 1 1

R, 5000 7000
This is 1/ Ry, so we take the reciprocal to find Rp. It is a common mistake to forget to
take this reciprocal. Notice that the units of reciprocal ohms, 7', are a reminder. Thus

1

Re = Goosaq — 20
This 290 £ is the equivalent resistance ol the two parallel resistors, and is in series
with the 400-£) resistor as shown in the equivalent circuit of Fig. 26-8b. To find
the total equivalent resistance K., we add the 400-{) and 290-{} resistances

together, since they are in series, and find

= 0.002007" + 0.0014 07" = 0.0034 07",

Req = 4004 + 2900 = 6901,
The total current flowing from the battery is then
V 120V
I = = = 00174 A = 17mA.
Ry 6900 "

NOTE This [ is also the current flowing through the 400-(} resistor, but not through
the 500-£2 and 700-£} resistors (both currents are less—see the next Example).
NOTE Complex resistor circuits can often be analvzed in this way, considering
the circuit as a combination of series and parallel resistances.

Lay
sz

400Q 2900

b
—



Méoo gival To pevpa l,;

APPROACH We nced to find the voltage across the 500-{) resistor, which is the
voltage between points b and ¢ in Fig. 26—8a, and we call it V.. Once V. 15
known, we can apply Ohm’s law, V' = IK. to get the current. First we find the
voltage across the 400-0) resistor, V), since we know that 17.4 mA passes through it
(Example 26-4).

SOLUTION V), can be found using V = [R:
Vi, = (00174 A)(4004)) = 7.0V,

Since the total voltage across the network of resistors is V,, = 12.0V, then V.
must be 12.0V — 7.0V = 50V, Then Ohm’s law applied to the 500-{} resistor
tells us that the current /; through that resistor is

50V ,
= ——— = 10X 107 A = 10mA.
h = Soq = LOX107A = 10mA

This s the answer we wanted. We can also calculate the current [, through the
T00-0) resistor since the voltage across it is also 5.0V:

5.0V
L= 22— 7mA.
27 000 m

NOTE When [/, combines with [; to form the total current [ (at point ¢ in
Fig. 26—8a), their sum is 10mA + 7mA = 17mA. This equals the total current /
as calculated in Example 26-4, as it should.
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OewpoUpE TPEIG iIdIOUG AAUTTTAPES

ME avTioTOaon R.

(a) Mg Tov JOIOKOTITN S «KAEIOTON 75
TTWG CUYKPIVEI N QWTEIVOTNTA TWV
A ka1 B pe autiv 1nG C;

(b) T cupBaivel OTav «aVOIigEI» O
S10KOTTITNG; B

RESPONSE (a) With switch S closed, the current that passes through bulb C must
split into two equal parts when it reaches the junction leading to bulbs A and B. It
splits into equal parts because the resistance of bulb A equals that of B. Thus, bulbs
A and B each receive half of C's current; A and B will be equally bright, but they will
be less bright than bulb C (P = [°R). (b) When the switch S is open, no current can
flow through bulb A, so it will be dark. We now have a simple one-loop series circuit.
and we expect bulbs B and C to be equally bright. However, the equivalent resistance
of this circuit (= R + R) is greater than that of the circuit with the switch closed.
When we open the switch, we increase the resistance and reduce the current leaving
the battery. Thus, bulb C will be dimmer when we open the switch. Bulb B gets more
current when the switch is open (you may have to use some mathematies here), and
s0 it will be brighter than with the switch closed; and B will be as bright as C.

Copyright © 2009 Pearson Education, Inc.



Mo To KUKAWMPO TOU
oxnuarog Bpeite: (a)
To peUpa TTOU
TpaBdaue atrd Tnv
ptTatapia (b) Tnv taon
€600V TNG pTTATOPIOG
(c) To pevpa péoa atrod
TNV AVTIOTOON TWV
6.0-Q.
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APPROACH To find the current out of the battery, we first need to determine the 10.0 £
cquivalent resistance R, of the entire circuit, including r, which we do by identi-

fving and 1solating simple series or parallel combinations of resistors. Once we B 0o !}?L : ‘.
find I from Ohm’s law, I =%¢/R.,. we get the terminal voltage using ANA——AN
Vie = & — Ir. For (c) we apply Ohm’s law to the 6.0-£) resistor. ”}ﬂg
SOLUTION (a) We want to determine the equivalent resistance of the circuit. But 0500 N
where do we start? We note that the 4.0-£) and 8.0-£) resistors are in parallel, and rw L
s0 have an equivalent resistance Ry given by (b) E=90V

1 _ _1 + 1 _ 3 . 10.0 Q

Reqi 80O 400 8.00° . WW

B =870 —

s0 Rep = 2,74 This 2.7} is in series with the 6.0-0) resistor, as shown in Y

the equivalent circuit of Fig. 26—10b. The net resistance of the lower arm of the

circuit is then Sﬂﬂé
Rz = 600 + 270 = 870, A MA—|
as shown in Fig. 26-10c. The equivalent resistance R.g; of the 8.7-{) and 10.0-{) (©) 6=9.0V
resistances in parallel is given by
1 1 1

+ = 02107,

Rega 1o 870

S0 Regs = (1/0.2107") = 4.8, This 4.8 (0 is in series with the 5.0-0) resistor and
the 0.50-L) internal resistance of the battery (Fig. 26-10d), so the total equivalent
resistance R, of the circuit is R, = 480 + 500 + 0504 = 10.3€). Hence
the current drawn is

[ 9.0V
I = = = (.87 A.
Req 10.3 0
(b} The terminal voltage of the battery 1s

Vi, = €—Ir = 9.0V — (0.87A)(0.50Q) = 8.6V.
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(c) Now we can work back and get the current in the 6.0-0) resistor. It must be
the same as the current through the 8.7 ) shown in Fig. 26-10c¢ (why?). The
voltage across that 8.7 1 will be the emf of the battery minus the voltage drops
across r and the 5.0-01 resistor: Vi, = 9.0V — (087 A)(0.500 + 5.0101).
Applying Ohm’s law, we get the current (call it [7)

9.0V — (0.87 A)(0.50Q + 5.00)

' = = (1.4
! 270 (.45 A

This is the current through the 6.0-) resistor.

COPYIygiin — cove + crmmors maaaauar sy i




26-3 Kavoveg Kirchhoff

OpIoUEVESC POPEC OEV NTTOPOUME VO AVAOAUCOUME TO
KUKAWMNO HOVO HECA ATTO TTAPAAANAEG KOl OEIPIOKES
OUVOECEIC OVTIOTACEWYV. 2€ QUTEG TIG TTEPITITWOEIG
gepapuoloupe Toug Kavoveg Tou Kirchhoff’s.

20 Q




Kavovag kOpypou:. 600 peUpO PITTAIVEI TOOO
pEUMA (PEUYEI OTTO Eva KOMBO

(_, 30 Q h
11 = (({)3 =
2
4100 B 1Q 45v
a d
b C
; &= r= 20 Q
2 80V 1Q



400 Q 290Q

| Jon

| ——

Kavovag Bpoxwyv: 10 .
afpoioua TWV
METOBOAWY TACEWG O€
Eva KAEIOTO BpoOYo
gival NNOEv.
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Epappolovrag Toug Kavoveg Tou Kirchhoff

1. ZNUEIWVOUNE OAA TO PEUMATA KaI TIG
Ol1euBuvoEIg TOUG.

2. Avayvwpi(OUME TOUGC OYVWOTOUG.
3. Epapupoloupue Tou Kavoveg Kirchhoff otoug
Bpoxoucg Kail KOpoug.

4. NUVOULE TIG EEICWOEIG TTOU TTPOKUTTTOUV WG
TTPOG TOUG ayvwoTous. Npoooxn,
XPEIO(OMOAOTE TOOEG ESICWOEIGC "'COI KAl Ol
AYVWOTOLI.

5.ApVvNTIKA PEUMATO CNMAIVEI AVTIOETN popA
WG TTPOG TOV APXIKO HOG OPICUO.



Bpeite Ta |, |,, kai 1,
TOU KUKAWMATOG :

2. Identify the unknowns. We have three unknowns and therefore we need three
equations, which we get by applying Kirchholl's junction and loop rules.
3. Junction rule: We apply Kirchhofl's junction rule to the currents at point a,
where f; enters and [; and [, leave:
L= 1 + L. (a)
This same equation holds at point d. so we get no new information by writing
an equation for point d.
4. Loop rule: We apply Kirchhoff's loop rule to two different closed loops. First
we apply it to the upper loop ahdcba. We start (and end) at point a. From
a to h we have a potential decrease Vy, = —{."l){ﬁﬂ {1). From h to d there is no
change, but from d to ¢ the potential increases by 45 Vi that 1s, V3 = +43V,
From ¢ to a the potential decreases through the two resistances by an amount
Vie = —(L)(400 + 1Q) = —(41 Q)/5. Thus we have Vi, + Vg + V. = 0, or
=301, + 45 — 415, = 0, ()
where we have omitted the units (volts and amps) so we can more easily do
the algebra. For our second loop, we take the outer loop ahdefga. (We could
have chosen the lower loop abedelga instead.) Again we start at point a and
have Vi, = —{.’,:]{Hﬁ (1), and Vy = 0. But when we take our positive test
charge from d to e. it actually is going uphill, against the current—or at least
against the assumed direction of the current, which is what counts in this
calculation. Thus V.4 = L(204)) has a positive sign. Similarly, Vi, = L,(1 ().
From [ to g there is a decrease in potential of 80 V since we go from the high
potential terminal of the battery to the low. Thus V= —80V. Finally.
V,, = 0, and the sum of the potential changes around this loop is
=301, + (20 + 1)1, — 80 = 0. (c)
Our major work is done. The rest is algebra.




5. Solve the equations. We have three equations—Ilabeled (a), (b}, and (¢)—and
three unknowns. From Eq. (¢) we have

80 + 301, 30 Q
[, = — = 38 + 141,.
) 5 | (- MW
From Eq. (b) we have I
45 — 301 400 B
[, = ——— = 1.1 — 0.731,. a =
41 b
We substitute Egs. (d) and (e) into Eq. (a): & —
=
L = L—1L = 11— 073, — 38 —141,. D 80V
We solve for [, collecting terms: L, ;; ”'ff
311, = —2.7
I, = —087A.

The negative sign indicates that the direction of [, 1s actually opposite to that

initially assumed and shown in Fig. 26—13. The answer automatically comes out

in amperes because all values were in volts and ohms. From Eq. (d) we have
I, = 38 + 141, = 38 + 14(—-087) = 26A,

and from Eq. (e)
I, = 11— 073, = 1.1 — 073(—-087) = 1.TA.

This completes the solution.
NOTE The unknowns in different situations are not necessarily currents. It might
be that the currents are given and we have to solve for unknown resistance or
voltage. The variables are then different, but the technique is the same.
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H Tdon €€odou yia TTnyéc HEA o€ oeipd gival
TO dOpolopa Twv eminEpoug HEA.

I' 15v+15v=3V

. 1.5V b 1.5V .
—”+ —I +
R

I 20v-12v =8V




H MapAadAAnAn ouvdeon pmratapiwv (HEA) £xel
vOnua HOVOo OTaV N MTTATAPIES £XOUV TNV idIa
TAON WOTE VO OQUENOOUME TO PEUMA EEOO0OU

R ﬁ
12V I
-+
'+



26-5 KukAwpata RC Circuits

AW
Me 1O KAt€ioIO TOU ]
S1aKOTITN S, apXilel T T
Va «@OPTWVEI» O T
TTUKVWTAG, Apa n )
TGon TOU audveTal. R
To pelpa civan 7
MEYIOTO OTNV apXN R
Kol MEIWVETAI OOV o
ouvapTnon 1o iR

XPOVOU.

Current

Current /

0.376/R

| |
0 RC 2RC 3RC 1
Time
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¢
= IR + =
€ IR C

Etreidn 7 = dQ/dt, Téte éxoupe

() 1
R

This equation can be solved by rearranging it:

iQ _ _ dr

t = R

Cé— Q0  RC
We now integrate from f = 0, when @ = 0, to time { when a charge Q is on the

capacitor:
e 4 r
,,,f Q = I,, dt
o Cé — 0 RC J;

e

-.-'_E ‘E r !
—In(Cé — Q}U—H—C ,
—In(C€ — Q) — (—~InC%) — ﬁ
In(Cé — Q) — In(C¥) = —é
oy _ _ v
1"(1 :::*é:) ~ T RC
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We take the exponential” of both sides

Q -t/ RC

] —— = ¢

C¢

or

QO = C¥1 — e™kC),
The potential difference across the capacitor is Vi = Q/C, so
Ve = %1 — e71/RC),

H TrooétnTa RC gival n xpovikn otafepd yia
TO KUKAWMA:

F = B
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Na To KUKAWPA TOU d1aypAUHATOG EXOUME C = AAAA

0.30 uF, R=20 kQ, HEA 12 V. BpeiTte (a) TV

XPOoVIKN otaBepd, (b) To péyioTo @opTio TOU
TTUKVWTH, (C) TTé00¢ XpOVOG aTTAITEITAI YIO VA -
@opTIoTEI 0TO 99% TNG MEYIOTNG TIMAG, (d) TO
PEUMA OTO NUICU TOU HEYIOTOU (PpOPTioU (€) TO

MEYIOoTO peUpa (f) TO OpPTIO OTAV TO PEUHA Eival o

20% TOU péyIoTOU. S
SOLUTION (a) The time constant is RC = (2.0 % 107°0)(3.0 X 1077F) = 6.0 % 1077s,

(b) The maximum charge would be Q = C¥é = (3.0 x 107 F)(12V) = 3.6 uC.
(c) In Eq. 26-6a, we set 0 = 0.99C%:
0.99C¢ = CE(1 — e7"'FC),
or
e R =1 — 099 = 0.01.
Then

= —In(0.01) = 4.
rC In(0.01) R

500

t = 46RC = 28 X 1077 s
or 28 ms (less than 55s).
() From part (b) the maximum charge is 3.6 uC. When the charge is half this
value, 1.8 uC, the current [ in the circuit can be found using the original differential
equation, or Eq. 26-5:

1 0 1 ( 1.8 % 107°C )
[ = —|e-2| = 2V — = 300 pA.
R ( c) 20 % 10°0) 030 x 10°F H

5

Copyrigrit @ £uuy Fearsor eyucauor, Ing.




(¢) The current is a maximum when there 1s no charge on the capacitor (Q = 0):

€ 12V
lowe = — = = 600 pwA.
mE TR T 20X 1000 -
(f) Again using Eq. 265, now with [ = 0.20/,,, = 120 A, we have
Q=C(€—IR)

=30 x WTF)[12V — (1.2 x 107 A)(2.0 x 10 Q)] = 29 uC.
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O XpOVOG EKPOPTWONG

EVOG TTUKVWTI HEoCA a1TO o
0 avTioTaon R givai:

M n .

+|I

Q — QOe_t/RC' Vo

L=
|
0 I=RC 2RC 3RC !

Time
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210 RC KUKAWUA TOU d1aypAMMATOG, N
MTTaTOpia £XEI POPTWOEI TTARPWS TWV

TTUKVWTH, Q,= CE& Z1tn XpovikA oTiyunt=0 a
o O1aKOTTTNG aAAGlel BEéon atrd 1o a oTO b.

H HEA tng ptmrarapiag givar 20.0V,C=1.02 200V - T bI

uF. To peupa | @Tavel To 50% TG apXIKNAG

T MW—
B +

—1.02 uF

TIMAG péoa o€ 40 us. (a) NMéoo gival To Q,
orav t =0; (b) Bpeite Tnv TipR TNG R (C)
Bpeite To Q étav t = 60 us?
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SOLUTION (a) At 1 = 0,

Q0 =0, = Cé = (1.02 x 107°F)(20.0V) = 2.04 x 107°C

(b) To find R, we are given that at = 40 us, I = 0.50/,. Hence
0.501, = [e™"'"C
Taking natural logs on both sides (In 0.50 = —0.693):

i
0603 = ——
6 RC

S0 %
i (40 > 107" s)

= = 574

T (0693)C  (0.693)(1.02 X 107°F)

(c) AL t = 60 us,

Bl 107" 5

204 puC.

Q — an—.',-'.r{t' _ (2{']4 e “]—'.‘IC}H—fﬁ'.—'”fl['.lf]:.-{'lll_"F:l _ ?3#(:



26-7 MeTrpnon Pevpartocg kal Taong

To AuTTEPOMETPO METPAEI PeUpa: 2uvOEeTal O€
oEIPA KOl £TO1 £XEI TTOAU MIKPN AVTIOTAOT)

To BoAtopeTrpo peTpdel Taon: ZuvOoEeTal
TTapAAANAa Kal £XEl TTOAU HEYAAN avTioTAOT .

Ammeter



26-7 Metpnon AvTticTaong

H M&tpnon avriotaong
OTTAITEI IO JTTOTAPIA VIO
TNV TTapOoXN PEVHMATOG.

R to be

—WW—s

measured



26-7 NMoAupeTpa
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