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27-1 Circuits d:
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Match the following descriptions with the most appropriate
terms on the right:

1. rate of flow of charge Potential difference

2. A measure of the opposition to current flo current
3.The path of electric current flow circuit
4.The energy stored per coulomb of charge in a circuit load

5.A device that converts electric energy to other forms resistance
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* Electric circuits connect power supplies doad o0 deeire ey, Py
to loads. — —
| i |
How a constant current (steady state | » }
flow of charge carriers) is maintained 1 A wire

SIS I mme

through the load or device?

* It can be evaluated in two different ways;
1.Electric field is needed to produce electrostatic force, F_, on charges

2.Electrical energy should be supplied (energy is needed to do work on
charge carriers)

The source of energy is called Electromotive force (emf), &, and the device

which supply emf is called emf device.

* Emf devices can be considered as a “charge pump’ that moves charges
from lower potential to higher one in order to produce a steady flow of charge
through a circuit.

P * Some emf devices;
‘ e NeNaNal \ Battery 71 All perform the same function;
Generator

They do work on charge carriers

i LoV Solar Cells [ and thus maintain a potential
potential . potential

E Fuel Cells | difference between their terminals.

b— Po‘f\f.&r gu\??‘\&_
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* Consider a circuit consisting of a battery as emf L
source and resistor of resistance R; "

Emf &, of the device + ,
is shown by arrow \‘ R l’
(starting from — to + !

terminal)

— In any time interval dt, a charge dq passes through any cross section of
the circuit shown, such as aa’.
— This same amount of charge must enter the emf device at its low-
potential end and leave at its high-potential end.
* Emf device must do an amount of work dW on the charge dq to force it to
move in this way. U=qV — AW/Agq=V=¢ o AW

* We define the emf of the emf device in terms of this work: 44 eimonet

* An ideal emf device is one that has no internal ‘ ; ] T
resistance to the internal movement of charge from o ; _L .
terminal to terminal. =5 .1f,

* The potential difference between the terminals of an ideal ‘

emf device is exactly equal to the emf of the device.

ideal emf device

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 5
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* A real emf device, such as any real battery, has internal % ]
‘I‘ 6

resistance to the internal movement of charge.

* When a real emf device is not connected to a circuit, and
thus does not have current through it, the potential difference
between its terminals is equal to its emf. —

* However, when that device has current through it, the Real emf device
potential difference between its terminals differs from its emf.

The battery drives current ICaIcuIating the current in a Single-Loop Circuit:
through the resistor, from

high potential to low potential.

NEE

Two methods used to calculate current;

FnghE‘l
potentlal
1 1.Energy Method
T 2.Potential Method
Lower
potential

3
Fig. 27-3 A single-loop circuit in Our objective 1s to calculate the current

which a 1‘§si5tﬂ[1ce R1s comﬂmected ._ at each circuit element.
across an ideal battery B with emf €.

The resulting current 7 1s the same
throughout the circuit.

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 6
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1-Energy Method * For a time interval dt, charge dq, passed from
low potential to high potential point of the

The battery drives current battery, where dq=i dt
through the resistor, from * Work done on this charge to move;

high potential to low potential. dW =€ dq = €i dt
Lower * For ideal battery, from the conservation of

Z
—
+
e ()"
J il
- potential

: energy principle: Lidt = PRdt
Fig. 27-3 A single-loop circuit in
which a resistance R is connected
across an ideal battery B with emf €. €
The resulting current i is the same e ——
throughout the circuit. R

[ Higher o At the same time energy is dissipated in the

| potential

l‘; resistor : 2R dt.

November 16, 2022 PHY102 Physics II © Dr.Cem Ozdosan
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* The algebraic sum of the changes in potential

2-Potential Method encountered in any loop of circuit must be zero.

The battery drives current
through the resistor, from 1.Choose a point in the circuit, i.e. Poi

high potential to low potential. potential is Va

r Higher

-"—I
)

* This is often referred to as Kirchhoff’'s Loop Rule
, whose

er in clockwise or counter cw
-As passing the battery (low to high potential) the
potential change is +&; V_ +§

Lower 4.In the wires there 1s no potential change since we
porential assume no resistance

2.D

Fig. 27-3 Asingle-loopcircuitin 5, As we pass through the resistor potential changes

which a resistance R is connected . .
. , ) 1R +E_
across an ideal battery B with emf €. and decreases by IR; Va E iR

The resulting current iis thesame 6, When we complete the loop and reached at the

throughout the circuit.

November 16, 2022

same point, i.e. Point a,
V,+§-iR=V,K =2E-iR=0=2i=E/R

PHY 102 Physics II © Dr.Cem Ozdogan
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277-4 Assignment + or — sign to potential i

For circuits that are more complex than that of the previous figure, two basic

rules are usually followed forlfinding potential differences |as we move around
a loop:

‘a RESISTANCE RULE: For a move through a resistance in the direction of the
current, the change in potential is —iR;n the opposite direction it is +iR.

‘a EMF RULE: For a move through an ideal emf device in the direction of the emf
arrow, the change in potential is +€:1n the opposite direction it is —%€.

W M Change 1n Polﬂ\hﬂ, Dﬁ emg device
Las s honce  rule) M;

— "" v "L B__._,-ﬁ——v
= ~4 - +E
sy £ S Ty
R SE - et Same direction
(239 Sirechon Same direction - s Fiites
] - E
2 e
e Opposite direction g Opposite direction
dvap direckon e
! '{m‘.\p alftl'-lﬂhﬁ

ber 16. 2022 We should know these 4 rules! .
November 16, PHY 102 Physics II © Dr.Cem Ozdosan
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W RESISTANCE RULE: For a move through a resistance in the direction of the
current, the change in potential is —iR;in the opposite direction it is +iR.

-

W EMF RULE: For a move through an ideal emf device in the direction of the emf
arrow, the change in potential is +%;1in the opposite direction itis —€é.

' CHECKPOINT 1

The figure shows the current i in a single-loop circuit
with a battery B and a resistance R (and wires of ‘|‘E
negligible resistance). (a) Should the emf arrow at B
be drawn pointing leftward or rightward? At points > |~ "'_'_/\N\’_f_
a, b, and c, rank (b) the magnitude of the current, (c) B .

the electric potential, and (d) the electric potential | —

energy of the charge carriers, greatest first.

(a) Rightward (EMF 1s in direction of current)

(b) All tie (no junctions so current 1s conserved)

(c) b, then a and c tie (Voltage is highest near battery +)
(d) b, then a and c tie (U=qV and assume q 1s +)

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 10
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4 b+&% @ 2
/'

Emf device Resistor
L Real battery i

)
{? a
R
v | |

Potential (V)
o ea
==

B™

(a) (&)
Fig. 27-4 (a) Alsingle-loop circuit/containing a real battery having internal resistance
rand emf €. (b) The same circuit, now spread out in a line. The potentials encountered
in traversing the circuit clockwise from a are also shown. The potential V, 1s arbitrarily
assigned a value of zero, and other potentials in the circuit are graphed relative to V..

The figure above shows a real battery, with internal resistance r, wired to an
external resistor of resistance R. According to the potential rule,

){+§_ir_iR:)/a € — ir — iR = 0.

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 11
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'CH ECKPOINT 3

A battery has an emf of 12 V and an in-
ternal resistance of 2 (). Is the terminal-
to-terminal potential difference greater
than, less than, or equal to 12 V if the
current in the battery is (a) from the
negative to the positive terminal, (b)
from the positive to the negative termi-
nal, and (c) zero?

The internal resistance reduces
the potential difference between
the terminals.

—
b |+ )

r=2.00Q R_400

i €=12V
al- i
——

Fig. 27-6 Points a and b, which are
at the terminals of a real battery, dif-
fer in potential.

(a) V, . < 12V (walking with current voltage drop —ir

(b) V...~ 12V (walking against current voltage increase +ir

(©)V

batt

=12V (no current and so 1r=0)

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 12
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Ev: Logd matching

& /'Tncj the Joad rentiance valve
et 1 R in 1erm} 03( r 10 max;'mizc /?Q
R
5 E’-n-x'r‘“g‘“"’f‘”’“\
i i -
P = ID-P\: E Rf _f;’f e
(R4r) / g
é_—P_ ii Z-(ﬂ‘f'r)l_ ZIQ(Q-H")]_O A are ay %

dt- “J-*"']L' g R= T |
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277-5 Other Single-Loop Circuits, Resistances in Series

In Figure 27-5
€ — iR, —iR,— iRy =0, =) i

—a When a potential difference V'is applied across resistances connected in series,
the resistances have identical currents i. The sum of the potential differences across

€

X T

the resistances is equal to the applied potential difference V.

1ZM0R
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UNIVERSITES]

‘a Resistances connected in series can be replaced with an equivalent resistance R, that has
the same current ; and the same fotal potential difference V as the actual resistances.

€ — iR

—0, i~

=

Resistors in series

e

% :>Req=Rl+R2+R3‘

Req = 2 Rj
j=1

(n resistances in series)l

2EMF of battery is 12 V, 3 identical resistors. What is the
potential difference across each resistor?

*12V
+0V
+3V

(a)

¢!

What if R >R >R ?

R, R, Ry
[ YWWWA YWWWA YWW
[
I
Vv

DHY204%: Chapeer 27

November 16, 2022

= V1>V2>V3

Fig. 27-5

resistance Req.

PHY 102 Physics II © Dr.Cem Ozdogan

2

Series resistors
and their
equivalent have
the same
current (“ser-1").

| gl+

(b)

(a) Three resistors are con-
nected in series between points a and b.
(h) An equivalent circuit, with the three
resistors replaced with their equivalent

14
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Going clockwise V. + € —ir=1V,,

The internal resistance reduces from a: V,—=V,=%¢—ir.
the potential difference between
the terminals. P = €

Fig. 27-6 Points a and b, which are : 100 +200
at the terminals of a real battery, dif-
fer in potential.

Going counterclockwise Vet K=V, g - 2 m—) V, V=50V,

from a: V,—V,=IiR.

-y

"W To find the potential between any two points in a circuit, start at one point and
traverse the circuit to the other point. following any path, and add algebraically the
changes in potential you encounter.

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 15



Grounding a Circuit 4 =

* If the internal resistance r of the battery in the previous case were zero, V
would be equal to the emf & of the battery-namely, 12 V. (Fig 27.6)
* However, since r =2.0 Q, V'is less than &.

The internal resistance reduces
* Grounding a circuit usually means connecting  the Pﬂtehtlal difference between
the circuit to a conducting path to Earth’s the terminals.

surface, and such a connection means that I
. . . 7
the potential is defined to be zero at the
rounding point in the circuit. _
9 gp r=20Q <. .00
bl am I €=-12V
gls ™ g a-l-— ;
r=2.00Q %R:ﬁl.ﬁﬂ B S—
I €-12V 7=2.0Q %R:mg Fig. 27-6 Points a and b, which are
ﬂ-l-— i f==¢_1ov at the terminals of a real battery, dif-
s aT— ; fer in potential.
- (@) Ground is taken (b) Fig. 27-7 (a) Point ais directly con-
to be zero potential. nected to ground. (b) Point b is directly
connected to ground.
In Fig. 27-7a, the potential at a is defined to
be V, =0 and the potential at b is V,=8.0 V.
16

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdogan



1ZMIR
gl KATIP CELER]
UNIVERSITESI

iedl| — 4+ Emfdevice transfers its energy (stored as chemical)
e to the charge carrier, so it does work on the charge
dre | — 1_"_ carriers to establish a current

7

| nia her p—ull-(:ﬂ'}.:l'!

-I':.w-cr
I,ﬂalaﬂ]‘.q'!
internal resistance of
emf device
lemi 4 7 + The net rate P of energy transfer from the
Lo “‘_r rrf emf device to the charge carriers is given by:
7 = P=iV _ _
| a b V: potentlal across the emf device; V.-V,
odecral gesiclance., = (€ — :r)
» / \ Resistor
P_.. rate at which emf device P.: rate of energy transfer to
transfers energy both to the the thermal energy within

Other  charge carriers and to the thermal emf device or internal
device energy (power of emf device) dissipation rate

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 17
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Example, Single loop circuit with two real batteries:

The emfs and resistances in the circuit of Fig. 27-8a have the Calculations: Although knowing the direction of 7 is not

following values: > necessary, we can easily determine it from the emfs of the
€ =44V, & =21V, EJ] %2 two batteries. Because €, is greater than €é,, battery 1
n=230. =180 R—550. controls th_e .dl]‘eCtIOI'l of i, so the direction is clockwise.
(These decisions about where to start and which way you
(a) Whatis the currentin the circuit? o0 are arbitrary but, once made, you must be consistent
a with decisions about the plus and minus signs.) Let us
S then apply the loop rule by going counterclockwise —

- i%l ‘Ezi - against the current—and starting at point a. We Tind

Battery 1 Battery 2 . . .
r E rg% O cecw —é,+irp + iR+ ir, + %, =0.

b WIEV\- c Check that this equation also results if we apply the loop
rule clockwise or start at some point other than a. Also,
Fig. 27-8 (a) take the time to compare this equation term by term with
€, S €. Fig. 27-8b, which shows the potential changes graphically

o —+——o n b R . i o—= , (with the potential at point a arbitrarily taken to be
T_'l—’\w,—u—m |M 1] N Zero).
|
|
|

Solving the above loop equation for the current i, we

| | |
v, | | L v, ;
0 ! ! ! T obtain
| | |
1 | | | _ € — & 44V - 2.1V
r == —
S 2 i : : R+n+rn 550+23Q+180Q
E sl | = 0.2396 A = 240 mA. (Answer)
5 |
3 4 5 O CW ‘_{L“‘ﬂfz.hzn.? *4(; ._'_.‘-Z‘:CJ
-5 "
Battery 1 Resistor Battery 2 r 15 R

(&)

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 18



27-6 Potential btw Two Points

Example, Single loop circuit with two real batteries, cont.:

(b) What is the potential difference between the terminals

of battery 1 in Fig.27-8a?

J—Q&

Battery 1

Potential (V)

November 16, 2022

(6)

KEY IDEA

We need to sum the potential differences between points a
and b.

Calculations: Let us start at point b (effectively the nega-
tive terminal of battery 1) and travel clockwise through bat-
tery 1 to point a (effectively the positive terminal), keeping
track of potential changes. We find that

Vb - f‘r] +%1 = Va,
which gives us

Vi—W=—-in+%
= —(0.2396 A)(23Q) + 44V
= +3.84V =38V, (Answer)

which is less than the emf of the battery. You can verify this
result by starting at point b in Fig. 27-8a and traversing the
circuit counterclockwise to point a. We learn two points
here. (1) The potential difference between two points in a
circuit is independent of the path we choose to go from one
to the other. (2) When the current in the battery is in the
“proper” direction, the terminal-to-terminal potential dif-
ference is low.

PHY 102 Physics II © Dr.Cem Ozdogan
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2°7-7 Multi-loop Circuits, Resistors 1in Parallel

%/ When a potential difference V is applied across resistances connected in parallel, the
resistances all have that same potential difference V.

W Resistances connected in parallel can be replaced with an equivalent resistance R, that
has the same potential difference V and the same total current i as the actual resistancgs.

I 2 % .V

112?1.. £2=R—2.. and I = —,
where V is the potential difference between a and b.
From the junction rule,

1 1 1
f:fl_i_fz‘l’jg,:V( : 3 + ).

R, Ry, R
%4 1 1 N 1 1
=y [ = — = == .
Req Req Rl RZ RS
— :E = En‘, - (n resist i llel)
— R n resistances in paraliel).
Rq /=1 R

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdogan
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Parallel resistors and their
equivalent have the same
potential difference (“par-V").

i ig + Iy

(—.' [ —_—

(b)

Fig. 27-10 (a) Three resistors
connected in parallel across points a
and b. (b) An equivalent circuit, with
the three resistors replaced with
their equivalent resistance R.,.

20
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Example

Bottom loop: (all else is irrelevant)
V same in parallel -- PAR-V!

3.0Q 3.0 Q2
AW AAA-
+ 11—
"!Drlg.()\'
= 12V )5
R  8Q
2V o E. =i.R =(1.5A)(5.0Q) =7.5V
—ili|—\

Which resistor (3 or 5) gets hotter? P=1°R

http://www.phys.lsu.edu/~jdowling/PHYS21132-SP15/lectures/index.html 21
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Example, Resistors in Parallel and in Series:

1 ig

b ) iy , ip =030 A ,
—AMA—T—AMA— —AA——W— MA M
Ry Ry Ry Ry R =20Q Ri=20Q
il 4 ‘ sl 3. Jd i, =0.30 A
‘éi_—- gRg C@i_" Rzgl@ ‘t‘o’i_“ O CW glR;,:l?Q Gt 1——_ §1R23=129
Ry Ry R,=8.0Q R;=8.0Q
@ VMVTTE a ‘_"' c a m c & m ¢
i i i, =030 A
Fig. 27-11  (a) (b)

(d)

Figure 27-11a shows a multiloop circuit containing one ideal We can now redraw the circuit as in Fig. 27-11c; note that

battery and four resistances with the following values:
R, =200, R,=200Q, €=12V,
R;=30Q, R,=8.0(.

(a) What is the current through the battery?
Note carefully that R, and R, are not in series and thus cannot

be replaced with an equivalent resistance. However, R, and
Ry are in parallel, so we can use either Eq. 27-24 or Eq. 27-25
to find their equivalent resistance Ry;. From the latter,

P R,Ry  (20Q)(30 Q)
B3 R, + Ry 50 Q)

=12 Q.

November 16, 2022

PHY 102 Physics II © Dr.Cem Ozdogan

the current through R,; must be i; because charge that
moves through R; and R, must also move through R,;. For
this simple one-loop circuit, the loop rule (applied clockwise
from point a as in Fig. 27-11d) yields

+€ — 1R, — ;R — 1R, = 0.
Substituting the given data, we find
12V —5(20Q) — i1(12 Q) — (8.0Q) =0,
which gives us
o 12v

=———= 030 A.
40 Q

I (Answer)

22
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Example, Resistors in Parallel and in Series, cont.:

il i) i 1y =030 A
A ——AAA— A ——ANA— M : AMA :
Rl Rg Rl Rg R]ZQOQ R1:209
C — R = +— R i g +— il i_ i] 0304
éi— 9 gi_— 2 2 81_— Ryy=12Q €=12V | = R 196
R, R, R,=80Q Ry=8.0Q
i i iy =0.30 A
Fig. 27-11 (a) (b) (c) (d)
iy =0.30 A i =0.30 A i3
—_ — - i — P
m b b Wv i, =030 A 5 ig=0.12 A
R=20Q =3 = AAA
: R;=200Q ﬁ_o,:g%% R;=20Q R3=300Q
. i, = 0.30 A ?+ i 3= 3. V=36V
%’=12VJ‘,F Vga=3—6"§lﬁ' =12Q g=12V = E—’.:.-‘S.ﬁvgl i g=12v | == 7 o B i
23 é L= 5 Ry=20Q €=12V i— Vo=3.6V 322:209
R,=8.0Q R,=8.0Q R,=8.0Q
- YWV - AN - M .
i, =030 A i —0.30A iy =0.30 A

(e)

Figure 27-11a shows a multiloop circuit containing one ideal
battery and four resistances with the following values:

(o e

The potential difference across R, is thus also 3.6 V (Fig.
27-11f). so the current i/, in R, must be, by Eq. 26-8 and

R, =200, R,=200, €=12V, Fig.27-11g,
R,=30Q, R,=8.0Q. _ |79 36V
(b) Whatis the current i, through R,? B2 = R, - 20 O = 0.18 A. (iweE)

Working backward: We know that the current through R»;
is i1 = 0.30 A. Thus, we can use Eq. 26-8 (R = V/i) and Fig.
27-11e to find the potential difference V,; across R,;. Setting
R,y =12 Q) from (a), we write Eq.26-8 as

Vas = i1R» = (0.30 A)(12Q) = 3.6 V.

November 16, 2022

(c) What is the current i; through R;?
Calculation: Rearranging this junction-rule result vields
the result displayed in Fig. 27-11g:

iz=1i; —i;=030A — 018 A

=012 A. (Answer)

PHY 102 Physics II © Dr.Cem Ozdogan
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277-7 Multi-loop Circuits 7 ey
Resistance and capacitors

Series and Parallel Resistors and Capacitors

Series Parallel Series Parallel
Resistors Capacitors
a 1 5ol 1 5ol u
Ry = 2 R; Eq.27-7 . Z? Eq.27-24 o= 2 - Eq.25-20 Coq = 2 ¢, Eq.25-19
j=1 eq  j=1 7Y eq = =1
Same current through Same potential difference Same charge on all Same potential difference
all resistors across all resistors capacitors across all capacitors

Household Circuits

2 All devices are added in parallel.

—=l

: . Switch
2 Overload: too many devices that : Lightbulb

require a lot of current can draw [P 100 W

& —
more current than wires can handle. —y—18 =
+ Overheating of wires L[ \ ‘
+ Fire hazard! vV b : lectric
) heater
BRI
T
'—\“1—' Stereo receiver

? Fuse
120V

(from electric company)

PHY2049: Chapter 27 .
November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 24
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There are two junctions; b and d The current into the junction
There are three branches: bad, bd, bcd must equal the current out
. . . . . (charge is conserved).
According to|junct|on rule] which is often called , p
Kirchoff’s junction rule or Krichoff's current law “ T :
currents entering any junction must be equal to sum of

{——tér—

the currents leaving that junction; « )
At junctiond)i,+i,= i, or atjunction(b)i,=i,+i, (1)

. . . Fig. 27-9 A multiloop circuit consisting
To flnd currents |1 a|2 and I3 apply P—OOP RU LE;‘ of three branches: left-hand branch bad,
B right-hand branch bed, and central branch
EE “gt bd.The circuit also consists of three loops:
I P left-hand loop badb, right-hand loop bedb,
and big loop badcb.

For the loop1, € — iR +i3R;=0. (2)

For the loop2, —i:R, — i,R, — €, =0. (3)

and for the entire loop(3),

-.’(_gl - .’.]R] - !:sz - %2 = O.

3 unknowns (1, 1, 1,) & 3 equations

1° 2’3

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 25



Equations to Unknowns
Continue applying loop and junction rules until
you have as many equations as unknowns!

Given: ¢, ,6,,6;.1, R, R, R,

€, &, For the loop1, & — iR+ iR =0,

For the loop2, —i,R; - i,R, — ¢, = 0.

Solve for 1,1,

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdosan 26
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Example, Multi-loop circuit and simultaneous loop equations:

Figure 27-13 shows a circuit whose elements have the
following values:

€ =30V, =60V,
R, =20Q. R,=40Q.

The three batteries are ideal batteries. Find the magnitude and
direction of the current in each of the three branches.

I1 !2

Fig. 27-13
A multiloop
circuit with
three ideal
batteries and
five resistances. i
Junction rule: Using arbitrarily chosen directions for the
currents as shown in Fig. 27-13, we apply the junction rule at
point a by writing

%,f_

|'-3 — 'il 3P iz. (27‘26)
Left-hand loop: We first arbitrarily choose the left-hand
loop. arbitrarily start at point b, and arbitrarily traverse the

loop in the clockwise direction, obtaining
—nRy+ € — R — (b + )R, — =0,

where we have used (i; + i) instead of i; in the middle
branch. Substituting the given data and simplifying yield

i,(80Q) + i,(4.00Q) = —3.0V. (27-27)

November 16, 2022
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Right-hand loop: For our second application of the loop
rule. we arbitrarily choose to traverse the right-hand loop
counterclockwise from point b. finding

_.’-le T %2 - "';2R1 - (fl = fz)Rz - %2 — 0.

Substituting the given data and simplifying yield

i1(4.0Q) + i»(8.0Q) = 0. (27-28)
Combining equations: We now have a system of two
equations (Eqs. 27-27 and 27-28) in two unknowns (¢; and #,)
to solve either “by hand™ (which is easy enough here) or

with a “math package.” (One solution technique is Cramer’s
rule, given in Appendix E.) We find

i, = —0.50 A. (27-29)

(The minus sign signals that our arbitrary choice of direc-
tion for /; in Fig. 27-13 is wrong. but we must wait to correct
it.) Substituting i; = —0.50 A into Eq. 27-28 and solving for
i, then give us

e (Answer)
With Eq. 27-26 we then find that (_) indicates
=-025 A. . c
direction

The positive answer we obtained for i, signals that our
choice of direction for that current is correct. However, the
negative answers for i; and /3 indicate that our choices for
those currents are wrong. Thus, as a last step here, we correct
the answers by reversing the arrows for i; and i; in Fig. 27-13
and then writing

i1=050A and i=025A. (Answer)

27
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277-7 Multi-loop Circuits 7 st

Video: Example, Multi-loop circuit and simultaneous loop equations
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Ex  Kirchholf c(ircuit-1
e

l‘w

By Aziz Kolkiran

{ FjﬂCJJ,,lljjg‘

C LV - . ¥
]_J 1iTII.JUnCt|OI\ c - lt-l- I].: .13

|00F1 J ﬁbte]& R ol 6]_1—2'13-: 0
loop L, be{ch : ~14v 46 -10v-41,=0

19~ 61| 1(’]:.‘1"[] O » 10= %Il-l-' ’)_J-Q_
-I/-I').--‘Sll-i-‘)_ll

11 11, ~[524)
=> IL:'3A ) I3=_ 1‘q

November 16, 2022

PHY 102 Physics II © Dr.Cem Ozdogan



1ZMIR
gl KATIP CELER]
UNIVERSITESI

* An instrument used to measure ;

currents is called an ammeter. —
* ltis essential that the %15—- s
resistance R, of the ammeter f% :
be very much smaller than ¢ g———
other resistances in the circuit. 3
* Connected in series to circuit. R, 3 v
So that, all the charge i
could flow through. iL

>
d
Fig. 27-14 A single-loop circuit, show-

ing how to connect an ammeter (A) and a
voltmeter (V).

* A meter used to measure potential differences is called a voltmetfter.
« It is essential that the resistance R, of a voltmeter be very much larger
than the resistance of any circuit element across which the voltmeter is
connected.

* Connected in parallel to circuit. So that, no charge can flow

through.

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 30
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277-9 RC Circuits, Charging a Capacitor & Time Constant 7 &2

RC Clrcmt

—s V(t

" J_q(t)

> i(t) T V()=

In these circuits, current will change for a while, and then stay constant.
We want to solve for current as a function of time i(t)=dq/dt.

The charge on the capacitor will also be a function of time: qg(t)

The voltage across the resistor (V(t)) and the capacitor (V(t)) also change

with time.
To charge the capacitor, close the switch on a.

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 31
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Charging a Capacitor:
We know that:

It turns out that; &~ K =

d
[ = T?: % + % =€ (charging equation
q = C%(l (charging a capacitor).

V= — =% — e "RC) (charging a capacitor).

¥ A capacitor that is being charged

eV, (t)+V (t)=0

——D

%42 g [vﬁ-’f

Fr AN L

CVA

Fig. 27-15 When switch S 1s closed on
a, the capacitor is charged through the re-
sistor. When the switch is afterward closed
on b, the capacitor discharges through the

resistor.

initially acts like ordinary connecting wire

to the charging current.|A long time later, it acts like a broken wire
* The product RC is called the capacitive time

constant of the circuit and is represented with the

symbol 7.

7= RC (time constant).

* Attime t= T =( RC), the charge on the initially
uncharged capacitor increases from zero to:

g=C%1—e')=0.63CE.

* During the first time constant 7 the charge has
increased from zero to 63% of its final value C¢.

November 16, 2022
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6 4
7 q(t
()
v vl E)

relative

The capacitor's charge
grows as the resistor's
current dies out.

exponential charging

2; 4 6 8 10
T Time (ms)
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Discharging a Capacitor:

* Assume that the capacitor of the figure is fully Il_ !
charged (switch closed for a long time) fo a Yy | +
potential V,equal to the emf of the battery &. —'I'_C

* Atanew time t =0, switch S is thrown from a to b so

that the capacitor can discharge through resistance R. Stored charges find
their way across the

i(t) q(t)/C=E=V,, V. (O+V (H)=0 circuit, as establishing
R Ll + t =0 (discharging equation). a current

dt &
q = qoe "RC (discharging a capacitor), 1(t)=dq/ dt:(i/ R)e_t/RC

exponential discharging Time constant: 7= RC

Time i drops to 1/e.

i (mA)

Fig. 27-16 (b) This shows the decline of the charging
; current in the circuit. The curves are plotted for R
2 4 6 8 10 =2000 2, C =1 uF, and E =10 V; the small triangles

L 1, 4 .
T (1:;;& (ms) represent successive intervals of one time constant 7.

0
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27-9 RC Circuits

ordinary wire
1 4

0.2

Charge and Current vs Time
(For Initially Uncharged Capacitor)

charging

0.8
0.6

0.4

——a(n)=qo(1-¢"")

i(1)=ige " RC

/

broken wire

i 2 3 4 § 6 7 8 9 10

full
1]

PHY2049: Chapter 27

Charge and Current vs Time

(For Initially Charged Capacitor)
charged

0.8

0.6

0.4

0.2

discharging
~t/RC

(1) =qee

i(t)=ige " R

/

t/RC
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fully charged

Exponential Behavior

2t = RC is the “characteristic time” of any RC circuit
+Only t / RC is meaningful

2t = RC
+ Current falls to 37% of maximum value
# Charge rises to 63% of maximum value

2>t =2RC
+ Current falls to 13.5% of maximum value
+ Charge rises to 86.5% of maximum value

>t =3RC
# Current falls to 5% of maximum value
# Charge rises to 95% of maximum value

2t =5RC
+ Current falls to 0.7% of maximum value
+ Charge rises to 99.3% of maximum value

November 16, 2022

PHY2049: Chapter 27

PHY 102 Physics II © Dr.Cem Ozdogan
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1. (7) A wire of resistance 5.0 Q 1s connected to a battery whose emf €15 2.0 V
and whose internal resistance is 1.0 €. In 2.0 min, how much energy is (a)
transferred from chemical form in the battery, (b) dissipated as thermal energy
in the wire, and (c) dissipated as thermal energy in the battery

&Vl(ﬂ . | 3 |
S e B A AT b

OR. 305 _¢e 371337 u;unl:: u:f
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27 Solved Problems d

2. (10) (a) In Figure, what value must R have if the current in
the circuit is to be 1.0 mA? Take € =2.0 V, £€,=3.0 V, and
r,=1r,=3.0 Q. (b) What is the rate at which thermal energy

appears in R?

1fl0) :—\/‘_u'37€ < o W@J—«LWCJ-"‘W{

£.2V =30
' mA)30+3v-2v-(1mA) 302 4 A)R=0

€1= 3V r-l=3ﬂ-
> u)za L v imAR P=<*R
w

A-
TmA ::.___.'_‘jé_—)‘—____——"-

{-rfxfi}ﬁ ‘%éj I_.'“I -4 4%, - Z - {G-{’e" : 'Jomffg'd-)
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3. (29) In Figure, R,=6.00 Q, R,=18.0 Q, and the ideal battery i

I ——
has emf €=12.0 V. What are the (a) size and (b) direction 4 R’
(left or right) of current 1,? (¢) How much energy is | s
dissipated by all four resistors in 1.00 min? AAS g .
iy ]
ﬂi:
% (29 5 B e
A L 5
Rl = é'uz_ l ! ;? {
Ro= 1 === ¥

_.6u|..
'Z*IQ.V L/_/\M‘——_—I lii' 16 #"ﬁ_
= -_— P- - Q&j,f
= A
’ 4 fyn 1Ay =0:334  (Righbun)
: Pa E@é: (14)%(120) = 12X

P= AW, ~5 fﬁﬂ.r(llu))(é;{? ﬂ,): 7207
AT - e
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4. (37) In Figure, determine what ammeter will read, assuming
€=5.0 V (for the ideal battery ), R,=2.0 Q, R,=4.0 Q, and +| , 2
R,=6.00 Q. Tle e
3
R] ) -
e r‘wM rL @ LMM TMﬂO( ~VWW
(37) <)
R,=2n dLT..l.__ __,7_[(, Q Q ?-1"1{’23 K =0 ( )
Rosiiat, o Rs ! 22 2L 52 & .
Fzgg fn AP ..,HE, .&-J— +n
FesV T TR bes 4 Bz+ &3
y=7 #«:;ﬂ' 1_ =44 =%
R A2 ﬁ-s 1:3' IZL
3
- = 5‘\;"..\»(;___ _SV- ££L,_._§'\"1/f-"¢'ﬂ&ﬂ==a-§5ﬁ
T Rs v én-
\}Raz\fﬁs——\r’
_SV= L
Vi \i’\:
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5. (45) In Figure, the resistances are R, =1.0 Q and R, =2.0 €, and #"‘i"{i‘:u"" a #&#
the ideal batteries have emfs € =2.0 Vand €, =€, =4.0 V. What g
are the (a) size and (b) direction (up or down) of the current in 2 R ﬁai L ol
battery 1, the (¢) size and (d) direction of the current in battery 2, == i?. E
and the (e) size and (f) direction of the current in battery 3? (g) ) ir'g' h g
What 1s the potential difference V, - V,? V. B-ib
W—
- '?(’(ISJ I Ry=ha & =t
“ V/‘f:?; R,=1uL 41 \/L‘\{En (1)411“(3 'fz umwcéfﬂﬂ-m v
_— < / ﬁ f 2% 5)0}{’ v
‘L Ry=2w T3 o7 (2)”5,*4 j-GR2 =G4 /
Ly sl bebleres - rn Bty + &= Gy ~1,R s ~E,=0:bop2 ¥

15'5'93:){2 ’ﬁ'zv

5 unkmown s 3 Mﬁﬂi

M@/—Z«!,(M_) (2(34)_—0} 2{,;— 2.4,_ =-2°
G- 4V - 260 1)1y (20)=0

=% fs’fz'z";/ﬂ“f'zﬁ;,-
fg-—-f —zéi‘a —fpiﬁz:.-ﬂ

=, ( < 44 = l _ j.z_tzmrff{,@/% f;ayff,ﬁ
4 ~2 444201 4=2G] Ly {4;-1)A Te . m
12066 (Amwd) Vag=? |3 possible paths VR
v, _
12.-0..53/4((.; m«i) &Tﬁﬂ% i - 4:;2, f 4,{,-»@@ Al gives

_ﬁ_f L Vd.+’¢2,1€.g -Ez —*Vé @ . 6"

e
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6. (49) A 3 MQ resistor and 1 uF capacitor are connected to in series with an i1deal
battery of emf €=4.0 V. At 1.0 after the connection 1s made, what are the rates at

which (a) The charge of capacitor is increasing, (b) Energy is being stored in the
capacitor, (¢) Thermal energy is appearing in the resistor, (d) Energy is being
delivered by the battery.

A~y corenk dq /44
b,C,d ~ Pr Uit

e After teee: (Ohak ae e mbost o@)= CE (1-e4/) e

=3B
5}’m )—i —-f“ﬁﬂ% f”fﬂﬁ%(‘-“} B 95550 Cfs i tade (T:Ampdc)

"'"';L,./T )dﬂ‘ *'7f day_; Bﬂ_ %%J_(qsswy)iqu)-usﬂoa

. Y,
iz) dthe 7\ p_a = 1.0gxIT 47 —» Pz .0BxI0 ¢
= % P =55 5674 )73 pu) = 27 ng‘ﬁuﬂ

) dUs 7 S PodV.o i E= (955515 y)zm 3.82x15° .
& {E ii‘-‘i +'fz'ﬁ -7 33235 fﬂb’ﬁﬂ: %+2?-c$xm w/

(iv) (1) (111)

charging the capacitor

November 16, 2022 PHY 102 Physics II © Dr.Cem Ozdosan 40



1ZMIR
gl KATIP CELER]
UNIVERSITESI

7. (65) In Figure, R, = 10.0 kQ, R, =15.0 kQ, C = 0.400 uF, and 1
the ideal battery has emf €=20.0 V. First, the switch is closed a ?:Ji_‘/

C
R,
long time so that the steady state is reached. Then the switch is T_ R, %
opened at time = 0.What is the current in resistor 2 at t =4.00

ms? /0 (¢s) Switch 1o cloed — s *5’4’6 05 auihad é%
RMaoéw_ s % /ﬁ/’dm L

HE Lo TRl [
% Z)'?» ( JM )ué-u f/a"ét R

2,5 ~,
¢ ™ oot LPotnbad dfyonse 2
I €, “Th R{y\/ Like [affa
L\:L \ “—7@‘-‘-’/@_- zi o \/’é
R.}n -6/5‘{) zaﬁ'z‘fz.
= %"" m"’f’féA-H =) M 7,5 L0 g ) ——— )
b [ ]._C ' "? Mm,é,-.-éi ( N ) [= 2] fke ¢

_LJ @ s ; g,% s
/@7:2;7 ) {2 V)@(fs::otfmww E‘ g../g:u} a.i; s
PImGES i | AR e “
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Fx. Equivalent Resistance
Find Re Lcl.w.zn Clb

\'A Llnm + (1 )0y-L2)
iy b-(imzﬂ(in] 11+(3-JL)“.-I1+L2)

= (3n) (i- L1\+(SJL\(L-L1H1)

10 4 Ll g

Ze‘t L—jA ) Ll" L’-"'j
Mg = 2x-9 = Y=2x- 4V 75\(&,’__.%,(_,_:;} o e 27
N =-4%4 by+3 =>6AV¢.\D= 2x+8 ), O\W o AR

AV“\, = 3-311'5‘1 Qb— &d’- QEA?V::-Z}Q
R i e
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Ex: RC uith twe Capacitars

1\ L at 1=0" b) L for L-=e2 %

6\ charges on C's for t—>=0

l’\ 0‘\ VJ=V.§ ) Vz:'vg > 158,128 hﬂel S pal’al\d

Codigil o Vas Py =inbl
i’i}{l?* i 1

& 1 (k=0)s 0L =324

10+4.62 ,
o e-‘g afe. open — I5n 12 8,150 series -;Rq-lﬂil,

¢) O, =10pF Viy=10F (15412 0)+0.962A
l\?-i-‘ll- i 6;0._:4150#(’

LQ'S:SFF‘V"J: 9,.F-(11n+lTJ1 96LA

=130aF
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Exi RC with four reciskors

ﬂ.] Va[:,:? '_f'OI" Jong ‘l:ll"ﬂe. w}\en d 'I.tr.lnsc.!

St b) When S is open afh.r fang hime
b boder Vo = Vg LE=D) /10 7

AN d) ].onj dime = Lab=0; ]uup efcn e

oV :
\ ) 4
3] =) L(_‘aJ = &e

e’ B mv.. l( J (] 'J—.ﬂ. = 0 7
loorz Effbc(ﬂ‘; lD--'-«:J:u!""']-"-‘{J :,b,_. |Ov -1A: fn=12v -a(Val,-G l

:3\' )
-"-:H:ip\ =7 Va=10\f—ﬂa-1ﬂ- o -‘E/p_c
I?) el R £2.3.60 ) Vik)= V. e Inc -:.y-? = P =81

L 6+9 10 1= RCIn{O = tg'Q‘J,;.sl

acts as a battery
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Emf

*The emf (work per unit charge) of
the device is

€ = % (definition of ). EQ. 27-1

Single-Loop Circuits
*Current in a single-loop circuit:
e Eq. 27-4
Power R*r
* The rate P of energy transfer to the
charge carriers is
P =iV Eq. 27-14

* The rate P, at which energy is
dissipated as thermal energy in the

battery is Eq. 27-16

P =i-r.

* The rate P_,r at which the chemical
energy in the battery changes is
Pomt = T€. Eq. 27-17

November 16, 2022

Series Resistance
*\WWhen resistances are in series

R~ 2R, Eq. 27-7
f=1

Parallel Resistance
*\WWhen resistances are in parallel

1 I |
(= B — E . 27-24
th J% R_l' q
RC Circuits

*The charge on the capacitor
iIncreases according to
g = CE(1 — e "RC) Eq. 27-33

*During the charging, the current is

. _ dg (i) IRC
= AR

*During the discharging, the current is

dq s _( do ) vrC  Eq. 27-40
dt RC /" a

Eq. 27-34

j =

PHY 102 Physics II © Dr.Cem Ozdogan
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