Lecture 7 Circuits Ch. 27

Cartoon -Kirchhoff's Laws
Warm-up problems
Topics
— Direct Current Circuits
— Kirchhoff's Two Rules
— Analysis of Circuits Examples
— Ammeter and voltmeter
— RC circuits

Demos
— Three bulbs in a circuit

— Power loss in transmission lines
— Resistivity of a pencil
— Blowing a fuse
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Direct Current Circuits

The sum of the potential drops
around a closed loop is zero.
This follows from energy
conservation and the fact that
the electric field is a
conservative force.

2. The sum of currents into any

junction of a closed circuit must
equal the sum of currents out of
the junction. This follows from
charge conservation.
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No junction so we don’t need that rule.

How do we apply Kirchoff’s rule?

Must assume the direction of the current —

Choose a starting point and apply Ohm’s Law as
you go around the circuit.

Start in the upper left hand corner.

—iRi—IiR—E>—ir2—iR:+ Ei—iri=0
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Example (Single Loop Circuit)

assume clockwise.

Potential across resistors is negative

Sign of E for a battery depends on assumed

current flow

If you guessed wrong on the sign, your

answer will be negative

Ei—E>

Ri+R+R3+ri+r




B Ei—E> Note that we could have simply added all
R+ Ro+ Rit i+ 7 resistors and get the R and added the EMFs

[

to get the E_ And simply divided.

Now let us put in numbers. '

Suppose: Ry = R2>= R3=10Q . Eeq.  5(V) 5
ri=r>=1Q Req.  32(Q2) 32
Ei=10V
E>=5V .

10-5 V 5 Sign of EMF

]

mp

~10+10+10+1+1Q 32 °

Battery 1 current flows from - to + in battery +E,

Suppose: —
pp El SV Battery 2 current ﬂOWS from + to - in battel'y 'Ez

E2=101
(5-10V -5 In 1 the electrical potential energy increases
[ = = ——amp
320 32 In 2 the electrical potential energy decreases

We get a minus sign. It means our

assumed direction of current must be
reversed.



Example with numbers
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Question: What is the current in the circuit?

Write down Kirchoff’s loop equation.

Loop equation

Assume current flow is clockwise.

Do the batteries first — Then the current.

Quick solution:

3
D E=12V -4V +2V =10V

i=1

6

D) Ri=16Q

i=1

7 B 10
Reg. 16

(+12—-4+2)V-i(1+5+5+1+1+3)Q2=0

/

. 10V

——=0.625amps = 0.625A

16 Q




Example with numbers (continued)
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Question: What are the terminal voltages of each battery?

12V: V =€ -ir =12V -0.625A - 1Q =11.375V
2V:V =E-ir=2V-0.625A-1Q =1.375V
4V:V =E-ir=4V +0.625A -1Q = 4.625V



Multiloop Circuits

a } b =
® . o« .
L Find i, i;, and i,
+ S0
12V —— ill 40 We now have 3 equations with 3
) . l/*“__ . unknowns.
i _ T oV
é 1>
f\/\M o 12-4j —-3(i, +i,)=0
3Q 12-71,-3i,=0 multiply by 2
Kirchoff’s Rules —5+4j —2j =0 multiplyby3
1. ZV, — () in any loop
o 24 -14i —6i, =0
2. | = | at any junction 1 2 btract th
20, =2 —15+12i —6i,=0" " o
Rule 1 — Apply to 2 loops (2 inner loops) 39026 ,'1 -0 Find the Joule
a. 12-4i -3i=0 i =39 _454 heatinggl_éfﬁh
b _21-2 —5+4I'1 -0 .1 26 resistor P=1°R.
i, =0.5A Is the 5V battery
Rule 2 i =2.0A being charged?

a. =1 +I,




Method of determinants for solving simultaneous equations

j—i—i =0
~3i—4i +0=-12
0+4i —2i =5

Cramer’s Rule says if :
a,i,+ b, +ci, =d,

a,l, +b,i, +C,i, =d,
asl, + by, + Cil, =d,

Then,

d, b ¢ a, d; ¢ a, b, d,

d, b, ¢, a, d, ¢, a, b, d,
_ d, by ¢ = a;, d; ¢C; i = a, b, d,
B a, b, c 2 a, b, c > a, b, c

a, b, c, a, b, c, a, b, c,

a, by c; a, by c; a, by c;




Method of determinants using Cramers Rule and cofactors
Also use this to remember how to evaluate cross products
of two vectors.

For example solve for i

0 -12 | -12 4
-2 5 5 4 24 + 48 - 20 52

i= = = = — =24

1 -1 -1 4 0 0 -3 3 4 246412 26
1 —1 —1
3 4 0 4 2 2 0 0 4

You try it for i, and i,.

See inside of front cover in your book on how to use Cramer’s Rule.



Another example

Find all the currents including directions.

Loop 2
/ P

i=i +Ii,

142 4V  2Q
- +
—AW——I W)
. . . /
: : i l §3Q ZV §GQ
Sl 1
8V "‘:_—Il Loop 1
=L g4v 1
i : i)
< . —
Loop 1

0=+8V +4V -4V -3/ -2i
0=8-3i —3i -2i

0=8-5i -3
Loop 2
—6i, +4+2i =0

Multiply eqn of loop 1 by
2 and subtract from the

eqn of loop 2

—6i +4+2i =0

—6i +16-10i =0
0-12+12i =0

1=14

—6i, +4+2(1A)=0

i2=1A4
=24




Rules for solving multiloop circuits

Replace series resistors or batteries with their equivalent values.

Choose a direction for i in each loop and label diagram.

Write the junction rule equation for each junction.

Apply the loop rule n times for n interior loops.

Solve the equations for the unknowns. Use Cramer’s Rule if
necessary.

Check your results by evaluating potential differences.



#l@ 3 bulb question

=1

D

# #3

The circuit above shows three identical light bulbs attached to an ideal
battery. If the bulb#2 burns out, which of the following will occur?

a)
b)

c)
d)
e)
f)

g)

h)

Bulbs 1 and 3 are unaffected. The total light emitted by the circuit decreases.

Bulbs 1 and 3 get brighter. The total light emitted by the circuit is unchanged.
Bulbs 1 and 3 get dimmer. The total light emitted by the circuit decreases.

Bulb 1 gets dimmer, but bulb 3 gets brighter. The total light emitted by the circuit is
unchanged.

Bulb 1 gets brighter, but bulb 3 gets dimmer. The total light emitted by the circuit is
unchanged.

Bulb 1 gets dimmer, but bulb 3 gets brighter. The total light emitted by the circuit
decreases.

Bulb 1 gets brighter, but bulb 3 gets dimmer. The total light emitted by the circuit
decreases.

Bulb 1 is unaffected, but bulb 3 gets brighter. The total light emitted by the circuit
increases.

None of the above.



When the bulb #2 is not burnt out:

[ R
N - |

_np,o R_3 I

Power, P =I°R =Y g :@R
9 R V p

For Bulb #1

V _2V 4V? &
L =5%= P =I[R= = 44—
' 3R 3R 170 9R R
For Bulb #2

_L_Vv vV
12_2_3R P_IR OR 'llf
For Bulb #3
2 2

bV P,=I’R=""=11Y-

~2 73R 9R R



When the bulb #2 is burnt out:

R, =R+R=2R

V
P P=1°R v
ower, I R
For Bulb #1
V 2 2
I = R _ V — V
For Bulb #2

L=0 P,=lR=0

For Bulb #3

V V2_ VZ
I3:Il=ﬁ P, IR AR 25?

I R
—> #1

#3
2 2
Before total power was — \a — _V v
p P, = R R =.66 R
2 2
After total power is Vi_V v
P = R =5R =.50 R

So, Bulb #1 gets dimmer and bulb #3 gets
brighter. And the total power decreases.

f) 1s the answer.



How does a capacitor behave in a circuit with a resistor?

switch \

11 & | -
~~C R

00

switch

w X Qo L
VO o7 o e %R

Charge capacitor with 9V battery with switch open, then remove battery.

Now close the switch. What happens?



Discharging a capacitor through a resistor

Potential across capacitor =V = % A — . )—\
. _ _ C switch
just before you throw switch at time t = 0. ﬁ =
+ 0w s
Potential across Resistor = iR V(1) QJ —~C i l gR
-Qo
att>0.
o) o) |

—:ioR:>i0:
C RC

What is the current I at time t?

or izg
RC



What 1s the current I at time t?

_ Q __dQ
So, i= RC’ but i= It
~dQ _ Q
) ddCt) ) R;? Time constant =RC
Q RC
Integrating both the sides
Q A
_J'dQ _ dt
Q RC
__t
—mQ—RC+A
__t
InQ = RC A
t t I
So, Q= e RC" g RCgA t=RC
At t=0, Q=Q,

0 t
_Y A b
So, Q,=eR =¢e™* = Q=Q,e F¢




What 1s the current?
_t
Q=Q,e ¢

. dQ _ Qo e‘rat—c:_ﬁ _Rt_c

| = W —R—C R e Ignore - sign




How the charge on a capacitor varies with time as it is being charged

What about charging the capacitor?

>, p o=
4 +q i
V =
-q Q
AV V\—
R
_t > {
Q=CV,(1-¢e R°) A

i:%e_

< |~

Note that the current is zero when either the
capacitor is fully charged or uncharged. But the

second you start to charge it or discharge it, the
current is maximum.

Same as before

=t



Galvanometers:

Ammeters:
Voltmeter:
Ohmmeters:

Multimeters:

Instruments

a coil in a magnetic field that senses current.
measures current.

measures voltage.

measures resistance.

one device that does all the above.

Galvanometer is a needle mounted to a coil that rotates in a magnetic field.
The amount of rotation is proportional to the current that flows

through the coil.

Symbolically we write

- Usually when R, =20Q

. 9 l, =0 — 0.5milliAmp



Ohmmeter

_ V Adjust R, so when R=0 the
R+R, + Rg galvanometer read full scale.




Ammeter |

—
| BA R
10V = 2Q G \
—> —>
®~ = |=5A R |=5A
S,V VER—
>
IS
=1, +1, =5A
The idea is to find the value of Rqthat will give a full
scale reading in the galvanometer for 5A IR, =R,

R,=20Q and I, =0.5x10°A, So, I, =5A—.0005A ~5A

| -3
So, R, =R, =9:9X107A 540 _ 0.0020

. ¢ YA
S T Very small

Ammeters have very low resistance when put in series in a circuit.

You need a very stable shunt resistor.



Voltmeter

Use the same galvanometer to construct a voltmeter for which full scale reading
in 10 Volts.

— | | R 11,=0.5%x10°A
10V = 20 (? — R, Rg =20Q
O

What is the value of Rg now?

So, the shunt resistor needs to
We need 10V =1,(R, +R,) be about 20KQ.
10V 10V
Ry +Rg = | 5%10~*A Note: the voltmeter is in

g llel with th |
R, +R, =20,000Q parallel with the battery

R, =19,980Q




