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Mepiexopeva KepaAaiou 26

* HAekTpeyepTIK) Auvapun (HEA)
« AvTiOoTaOEIC O€ ocIpa Kal MapaAAnAeg
* Nouoi Tou Kirchhoff

« 2e1plakd Kal MapdAAnAa EMF-®6pTion
MTratapiag

 KukAwpata RC

 Métpnon Taocswg kal PeUpaTog
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26-1 HEA

‘Eva nNAeKTPIKO KUKAWMO ATTAITEI KATTOIO
MTTOTAOPIO | OUVAMO TTPOKEIMEVOU VO «TTAPAYEI»
peUpa. O1 TTNYyéC auTtéc ovopdalovTal TTNYEGQ
NAEKTPEYEPTIKAG Ouvaung (HEA).

H pmartapia gival Tnyn ota0epng Taoews aAAa
EXEl MIO MIKPN E£O0WTEPIKA AVTIOTAON N OTroid
MEIWVEI TNV TAON TTOU aTrodidEl ATTO QUTH MIOG
10avikKnG TThyNS HEA:

Vab — %_I}‘”.
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26-1 EMF and Terminal Voltage

H eocWwTEPIKA QUTH AVTIOTACT CUUTTEPIPEPETAI
w¢ va ATav o€ ogipd pue Tnv HEA.

+ L8 —
a l b
[ )

Terminal voltage
Vab
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Mia 65.0-Q2 avTtioTaon

OUVOEETAI NE pTTATOAPIO

12.0 V TTOU £XEI EOWTEPIKA R=6500
avriotaon 0.5 Q.

Bpeite (a) To pgeupa Tou

KUKAwpaTtog (b) Tnv taon

£€600U TNG pTTaATAPICG

Vs KO (C) TV IOXU TTOU a b
KOATOVOAWVETAI OTIG

QVTIOTACEIG R KAl r. = _
AYZH 0.5 £ 120V

I=0.183A,V_,=119V,P, =218 W,
P,-0.02 W
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26-2 AvTIOTAOEIC O€ 2E1pA

2UVvOEOoN O€ OeIpd: E£XOUME KOIVO peuua

R R, Ry
Vi V, Vs
sl [
||
(a) 1%

H TTTwon Tdoewg gival avaAoyn TnG avtioTaong
V=V, +V,+V, = IR, + IR, + IR;. |series|
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26-2 AVTIOTACEIG O€ 2E1pd

H ouvoAIKR\ avTioTaon gival To ddpoioua Twv
OVTIOTACEWV

R = R + R, + R;. |series]

(T
)i

g
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26-2 MNapAaAAnAec AvTIOTAOEIG

2TNV TTapAaAANAn ocuvoeon: £xoupe idia Taon

n i
A | ﬁj | o
} ﬁi !
G S L
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26-2 NMNapAaAAnAec AVTIOTAOEIG

4R
I = 11 + 12 + 13
§ ’ Vv V. vV VvV
= — _|_ —_— N
Req Rl RZ RS
L
1 1 1 1
Req = E + R, + R3. [parallel]
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(a) Ta AQUTITAKIO TOU TrapOaOEIYMATOG E€ival
TTOVOMOIOTUTTA. 2€& TrOIO OUVOEON €EXOUME
MEYaAUTEPN @wrTeivoTnTa (b) Me TTOoIOV QTTO TOUG
OUO TPOTTOU E£ival OUVOEOENEVO TA @WTA TOU
OUTOKIVATOU;

T &¢v W

¥

(1) Series (2) Parallel

H TrapaAAnAn cuvoeon gival n cwoTh!
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AUo AQUTTTAPEG, 100-W, 120-V ka1 60-W, 120-V
ouvOéovTal PE OUO DIAPOPETIKOUG TPOTTOUG. AYVOWVTOG
TNV METABOAN TNG avtiotaon Adyo Oegpporntag, Bpeite
TTOI0 )\aunTr’%g%g gival QWTEIVOTEPOG

AAAA"A 60 W 100 W
—\WW\——\VW\—
100 W
AYAYAYAYA
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[Mooo eival To pevpa l,;

I
5000 1

w00 § W

' L1
4 7000 T2
I

AYZH ;’_WW_°_'\/VV\I_“
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OswpoUpE TPEIG iIdIOUG AAUTTTAPES
ME avTioTaon R.

(@) Mg ToV OIOKOTITEI S KKAEIOTO»
TTWG CUYKPIVEI N @QWTEIVOTNTA TWV
A ka1 B pg autiv 1ng C;

(b) T cupBaivel 6Tav «avoigel» o
O1aKOTTTNG;
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Na To KUKAWHO TOU
oxnuartog Bpeite: (a)
To peUpa TTOU
TPpoaRAape atrd TNV
prratapia (b) Tnv Taon
£€O0O0OU TNG MTTATAPIOG
(c) To pevpa péoca atrod
TNV AVTIOTOON TWV
6.0-Q.
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r=10.50€0Q

600 [VVW\—

(a)



APPROACH To find the current out of the battery, we first need to determine the
cquivalent resistance R, of the entire circuit, including r, which we do by identi-
fying and isolating simple series or parallel combinations of resistors. Once we
find 7 from Ohm’s law, I = %¢/R,,. we get the terminal voltage using
Van = € — Ir. For (¢) we apply Ohm’s law to the 6.0-() resistor.

SOLUTION (a) We want to determine the equivalent resistance of the circuit. But
where do we start? We note that the 4.0-0) and 8.0-() resistors are in parallel, and
so have an cquivalent resistance R, given by

1 1 N 1 3

Req 80N 400 8.00°
SO Req = 2.7 This 2.7€ is in series with the 6.0-Q) resistor, as shown in
the equivalent circuit of Fig. 26—10b. The net resistance of the lower arm of the
circuit is then

Ry = 600 + 270 = 87(),
as shown in Fig. 26-10c. The equivalent resistance Ry of the 8.7-() and 10.0-£2
resistances in parallel is given by

| 1 1

+
Res 1000 870

50 Regs = (1/021Q7") = 4.8 Q. This 4.8 Q) is in series with the 5.0-0 resistor and
the 0.50-€) internal resistance of the battery (Fig. 26-10d), so the total equivalent
resistance R, of the circuit is R, = 4.8Q + 5.00 + 0.50Q = 10.3€). Hence
the current drawn is

[ = € 9.0V

Ry 10.3Q

(b) The terminal voltage of the battery is

Vin = €—1Ir = 90V — (0.87A)(0.500) = 8.6V.
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= 02107,

= 0.87 A.

10.0 Q

B chl =
6.0 Q 2.7Q
MWW\

003




Ro3=48Q
5.0 n§
r=0.50 Q
—— AW i
(d) §=9.0V

(¢) Now we can work back and get the current in the 6.0-() 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 () will be the emf of the battery minus the voltage drops
across r and the 5.0-Q resistor: Vi, = 9.0V — (0.87 A)(0.50€ + 5.0Q).
Applying Ohm’s law, we get the current (call it /')

9.0V — (0.87 A)(0.50Q + 5.0Q)

[ = 370 = 048 A.

This is the current through the 6.0-( resistor.
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26-3 Kavoveg Kirchhoff

OpIoHEVES POPEC OEV UTTOPOUHE VO AVOAUCOUUE TO
KUKAWHO HOVO HEoA atTd TTAPAAANAEG KOl OEIPIOKES
OUVOEOEIG AVTIOTACEWY. 2€ AUTEG TIG TTEPITITWOEIG
gepappoloupe Touc Kavoveg Tou Kirchhoff’ s.

20 Q




Kavovag kOuou: 600 peUNO MTTAIVEI TOOO
PEUMA PEUYEI OTTO £Eva KOMBO

(_» 30 €2 h
Il = (gC; =
2
40Q Iz 1Q 45v
a d
b C
I (81: = 20 Q
2 SOV 1Q
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Kavovag Bpoxwv: 10 e
afdpoioua Twv
METABOAWYV TACEWG O€
Eva KAEIOTO BpoOYo
gival unoev.
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Epapupolovrag Toug kKavoveg Tou Kirchhoff

1. ZNUEIWVOUUE OAQ TO PEUMATA KOl TIG
Ol1EVBUVOEIG TOUG.

2. AvayvwpilOUME TOUG AYVWOTOUG.

3. E@apuoloupe Tou kavoveg Kirchhoff otoug
Bpoxoucg Kail KOpoucg.

4. AUVOULE TIG ECICWOEIC TTOU TTPOKUTTTOUV WG
TTPOG TOUG ayvwoTous. NMpoooxn,
XPEION(OMAOTE TOOEG ESICWOEIG OCOI KAl Ol
AYVWOTOI.

5.ApVNTIKA PEUMOTO ONMAIVEI AVTIOETN QOopPA
WG TTPOS TOV APYXIKO HOG OPICHO.
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Bpeite Ta [, I,, Kai I,
TOU KUKAWMOTOG :

AY2H
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H tdon €€odou via TTnyég HEA o€ oeipd gival
TO GBpoiopa Twv emipépous HEA.

R
AN )
I 15v+15V=3V
LSV 15V
—”+ —I|+

I 20v-12V =8V
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H MapAdAAnAn ocuvdoeon pmrarapiwyv (HEA) £xel
vONMa MOVO OTAV N MTTATAPIEG EXOUV TNV i01a
TAON WOTE VO OQUENOOUME TO PEUMA EEOO0OU

R ﬁ
12V I
-+
'+
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26-5 KukAwpata RC Circuits

AW
Me To KAtioIpMO TOU ]
SI1aKOTITN S, apXilel T T
va QOPTWVEI O 7 —
TTUKVWTAG, dpa KAl N )
Tdon Tou. To pelpa s
gival HEYIOTO OTNV s
apXnN KOl MEIWVETAI e
oav ouvdpTnon To
XPOVOU. 8r

Current

Current /

0.376/R

| |
0 RC 2RC 3RC
Time
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U
= + =
€ IR C

Etreidn I = dQ/dt, T0TE EXOUME

¢ = pIQ ,
¢ = Ry C L
This equation can be solved by rearranging it:
dQ _dt
Cé—Q  RC

-~

We now integrate from ¢ = 0, when Q = 0, to time f when a charge Q is on the

capacitor:
Qe g4 f
'&=s = 7ca
o C€—Q RC |,

l {
—In(Cé — = —
n( RC |o
[
—In(C€ — Q) — (—InC¥é) = RC
. 4
In(Cé¢ — Q) — In(C%) = ~RC

.. 0\
I (1 %)  RC
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\ o/ no

We take the exponential” of both sides

or

Q = C¥1 — ek,
The potential difference across the capacitoris V. = Q/C, so
Ve = (1 — e/RC),

H TroooétnTa RC €ival n Xpovikn oTafepd yia
TO KUKAWMA:

F = KRG
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MNa 1o KUKAwWPa Tou d1aypAPMATOG £O0UNE C =
0.30 uF, R=20 kQ, HEA 12 V. Bps¢irte (a) Tnv
XPOVIKN oTaBepd, (b) TO HEYIOTO (POPTIO TOU
TTUKVWTNR, (C) TT600¢ XpOVOG ATTaITEITAI YIO VO
@opTIoTEI 0TO 99% TNG MEYIOTNG TIMAG, (d) To
PEUMA OTO NUICU TOU MEYIOTOU PopTiou (e) To
MEYIoTO peUpa (f) TO PoOpPTIO OTAV TO PEUHA Eival
20% TOU pEyIOTOU.

AY2ZH
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O XpOVOG EKPOPTWONG
EVOG TTUKVWTH MECA ATTO
pia avtioTaon R givai:

9 = Gy ™,
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+17

J

1 | I

0 t=RC 2RC 3RC
Time

5



270 RC KUKAWHO TOU S1aYyPAMHMATOG, N
HTTaTAPIiO £XEI POPTWOEI TTARPWGS TWV

TTUKVWTH, Q,= CE. ZTn XpoVIKN oTiyun 7= 0 a R
o S1ak6TTTNS aAAGel Béon aTrd TO a GTO b. . _\§—'\NV\'—
=+ _
H HEA 1tng ptrarapiag €ivan 20.0V, C=1.02 200V _ T b == 0_2 F
UF. To peOpa I @Tavel To 50% TG apXIKAG gl

TIMAG Méoa o€ 40 us. (a) NMéoo gival 1o O,
orav ¢ = 0; (b) Bpeite TNV TIpA TNG R (C)
Bpcite To O étav 1 = 60 us?

AY2ZH
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26-7 MeTpnon PeUpaTtog kKal Taong

To QUTTEPOUETPO METPAEI PEUMA: 2ZUVOEETOI O€E
ocIPa Kal £TO1 £XE1 TTOAU MIKPN avTioTOaoNn

To BoAtouerpo Taon: Zuvoéstal TrTapAaAAnAa
KOl £XEI TTOAU HEYAAN QVTIOTOOT) .

Ammeter
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26-7 MeTtpnon AvtioTaong

H Mérpnon avrictaon
ATTAITEI IO MTTOTAPIA VIO
TNV TTapOoXn PEVHMATOG.

R to be

—MW—

measured
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26-7 NMoAupeTpa
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