PHYS 122-Lecture 8:
Kirchhoff’s Rules
(aka, nodal and mesh analysis)

e Basics of DC Circuits of Chapter 26

* Examples




Power distribution systems

* Follow the text discussion using Figure 26.24 below.
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Kirchhoff’s Rules I

* A junction 1s a point where @ _—_
OUP \
three or more conductors

meet. | %D %@%

* A loop 1s any closed

d . h L / /b , d/
con UCtlng pa’t . Not a Junction Not a

junction junction
« See Figure 26.6 at the v

right.
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Kirchoff’s Rules 11

» Kirchhoff’s junction rule: The algebraic sum of the currents into
any junction 1s zero: 2/ = 0. (See Figure 26.7 below.)

» Kirchhoff’s loop rule: The algebraic sum of the potential
differences in any loop must equal zero: 2V = 0.

(a) Kirchhoff’s junction rule (b) Water-pipe analogy
Junction
P d ( ({ I
i = T 1
P The current leaving The flow rate of
L+ 1 J{ a junction equals the water leaving the
current entering it. pipe equals the flow
rate entering it.
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Sign convention for the loop rule

* Figure 26.8 below shows the sign convention for emfs

and resistors.

(a) Sign conventions for emfs

+&: Travel direction
from — to +:

— Travel —»
s I | +
|
E

—&: Travel direction
from + to —;

<—Travel —
I
&

(b) Sign conventions for resistors

+IR: Travel opposite —IR: Travel in
to current direction: current direction:
— Travel = <—Travel —
| €— | €—
—AAAAT — AAAAT
R R
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Reducing the number of unknown currents

» Read Problem-Solving Strategy 26.2.

*  Figure 26.9 below shows how to use the junction rule to reduce the
number of unknown currents.

(a) Three unknown currents: 1, I,, I (b) Applying the junction rule to point a eliminates /5.
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A complex network

* Follow Example 26.6, using Figure 26.12 below.

* Follow Example 26.7 which looks at the same circuit
as above.

-

N
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26.12 A network circuit with several resistors.
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3V —-15(1Q)— (I —L)(1Q)=0
—L(1 Q)= (L+5L)(2Q)+13V =0
—L(1 Q) —L(1 Q)+ 5L(1Q)=0

78V =01(13Q) I,=6A

I = —1A,

= — = (
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¢ ¢ In the circuit shown in Fig. E26.32IF, the 6.0 Q resistor is consuming energy at a
rate of 24 J/s when the current through it flows as shown. (a) Find the current through

the ammeter A. (b) What are the polarity and emf € of the unknown battery, assuming

it has negligible internal resistance?

Figure E26.32







Charging a capacitor

* Read the discussion of charging a capacitor in the text, using

Figures 26.20 and 26.21 below.

 The time constant 1s 7= RC.

(a) Capacitor initially uncharged

Switch

(b) Charging the capacitor

Switch
closed

+|
|I

*>—1s
i

When the switch is
closed, the charge
on the capacitor
increases over
time while the
current decreases.

(a) Graph of current versus time for a charging

capacitor
i

Iy

The current decreases
exponentially with time as

Ihf2f----- the capacitor charges.
Iyfe [remrmraneS
|
() RC

(b) Graph of capacitor charge versus time for a

charging capacitor

q
| PESSSEETR SR
Qrle
____)l/____ The charge on the
5y )| B | capacitor increases
: exponentially with
: time toward the
| final value Q.
y t
o RC
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Discharging a capacitor

* Read the discussion of discharging a capacitor in the text, using
Figures 26.22 and 26.23 below.

(a) Graph of current versus time for a
 Follow Examples 26.12 and 26.13. discharging capacitor
(a) Capacitor initially charged i

RC
Switcl t
wiicn 0 :
open |
e NG | The current
O ________ ANTA0Q N A A1
10/2 _____ decreases exponen

tially as the capacitor
discharges. (The current is
negative because its direction
is opposite to that in Fig. 26.22.)
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(b) Discharging the capacitor

(b) Graph of capacitor charge versus time
for a discharging capacitor

q
Switch ]
:lo_se.d_ o The charge on the capacitor
< When the switch is decreases exponentially as the
! closed, the charge Q2 b---- capacitor discharges.
on the capacitor Qo/e ________
and the current |
[ +q —q both decrease ! ¢
A KA A | | over time. 0] RC
a R b c
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