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Quiz 2	

• Quiz 2 will be on the content of Chapters
20 and 21.	


• Exclude 21.8 and higher	


• It will be mostly calculations with no more
than 2/10 concept questions.	


• It will take place on Monday February 13

th

during regular lecture in the usual room.	


• Please make sure you know your quiz code! 	


Outline of today	

• Chapter 21	

• Kirchhoff’s rules	


Kirchhoffʼs Rules	


• From last time, we talked about simple circuits.
Today we learn tools for complicated circuits.	


• Kirchhoffʼs Loop Rule	

• The sum of potential differences across all the

elements around any closed circuit must be zero.	


"

The loop rule basically states that if you move around
in an electric field and return to the same location your
change in potential is zero.	


Kirchhoffʼs Rules	

"

When applying the loop rule, first choose a closed
loop and a direction (either clockwise or counterclockwise).	


This is a statement of
Conservation of Energy.	

You can define a “ground”
where all measurements are
taken with respect to.	

The “ground” is defined as
having 0V and has the
following circuit symbol:	


Kirchhoffʼs Rules	


• When the direction of the loop and the direction of
the current through a resistor are the same, we will
get a voltage drop.	

loop	


"

When the direction of the loop and the direction of
the current through a resistor are opposite, we will
get a gain in voltage.	

loop	


Kirchhoffʼs Rules	


• When the direction of the loop points in the same

direction as an emf source (from negative terminal to
the positive terminal), we will get a gain in voltage.	

loop	


When the direction of the
loop points in the opposite
direction as an emf source
(from positive terminal to
the negative terminal), we
will get a voltage drop.	


loop	


Kirchhoffʼs Rules	


• For example, letʼs analyze the upper loop using

Kirchhoffʼs Loop Rule in the following circuit (say we
want to solve for the power dissipated by the 9Ω
resistor).	


There are only two circuit
elements in this loop:	


Kirchhoffʼs Rules	


• Kirchoffʼs Loop Rule is nice, since you can get valuable
information from an embedded part (most likely in
parallel) of the circuit without breaking down the rest
of the circuit.	


• Warning: You may not be given the direction of the

currents in a circuit. In this case you have to make a
choice.	


• Your choice of current directions is up to you, just be
consistent throughout the problem.	


• Remember that all you need is a closed loop to use this
rule.	


Kirchhoffʼs Rules	


"

There is a Kirchhoff rule that applies to currents in a
circuit (in addition to loop rule).	

	

Kirchhoffʼs Junction Rule	

The sum of the currents
entering any junction must
equal the sum of the currents
leaving.	


•
•

"
•

Iin = Iout	


This is a statement of
Conservation of Charge.	

•

For the diagram: I1 = I2 + I3	


Kirchhoffʼs Rules	


• Going back to our previous example from last time

(where we wanted power dissipated by 9Ω resistor,
letʼs now apply Kirchhoffʼs Junction Rule.	


At point c in the diagram:	


"

"

From our previous attempt
(with loop rule):	


Kirchhoffʼs Rules	


• Now we have a relationship between all of the currents
in the circuit.	


• You can then:	

• Apply another Kirchhoffʼs Loop Rule to solve for I . 	

• or try equivalent resistance to solve for I .	

• In either case, solving for the current through either
3

3

resistor or the power dissipated through either resistor
becomes rather simple after that.	


• You will find that becoming skilled in BOTH equivalent

resistance and Kirchhoffʼs Rules will make solving circuit
problems much easier.	


Kirchhoffʼs Rules	


• Letʼs solve this circuit for the current I
lower loop.	


"

Substituting for I1 gives us:	


3

by using the

Kirchhoffʼs Rules	


• This means that I

3

"

"

is:	


We can then solve for the
power dissipated by the
9Ω resistor with:	


The great thing about this
technique is that we can
now very easily solve for
the current or power
dissipated through any of
the resistors.	


Kirchhoffʼs Rules	

When performing analysis on a circuit diagram:	

1) Find out the variable you are looking for (may not be obvious
from the way the question is stated).	

2) Find out if making equivalent resistance is helpful (maybe
helpful for only some of the circuit). 	

3) Choose directions for currents at junctions (you may have to
guess, but that is okay).	

4) Choose directions for voltage loops (some loops may give you
redundant information).	

5) Apply loop equations, junction equations, Ohmʼs Law, power
equations to search for desired variable.	


Concept Question	


• For the following circuit diagram (assuming all

straight lines to be ideal wires), the current through
the 10Ω resistor will be:	


"
"

A) 0 Amps.	

B) Greater than 0 Amps
but less than 1 Amp.	


•

C) Exactly 1 Amp.	


•

D) Greater than 1 Amp
but less than 10 Amps.	


•

E) Greater than 10
Amps.	


Circuits	


• Example	

• For the following

circuit diagram,
what is the value of
the potential at
points a, b, c, and d?	


"
"
"

Answer	

First, we need to identify which variables we need.	

Since we want potential at the four points, we will want the
current (?) that passes through the entire circuit to identify
the different potential drops.	


"

Answer	


Circuits	


Letʼs choose the direction of the current as counterclockwise.	

Letʼs choose voltage loop directions as counterclockwise as well:	


	


Now, by applying the loop rule on
the loop we get:	


"

$V

loop

= "V2# +"V9V + "V4# + "V6V = 0

I	


"I (2#) + 9V " I ( 4#) " 6V = 0

3V " I (6#) = 0
3V
I=
= 0.5A
6"

I	


"
"

"

Answer	


Circuits	


By the definition of the “ground,” the potential at point a must be
zero (Va = 0).	

Now, moving counterclockwise from point a, we find that we get a
drop in voltage by moving through the 2Ω resistor:	


Vd = 0V " IR = 0V " 0.5A(2#) = "1V
"

Next, we move through the 9V
battery to point c:	


Vc = "1V + 9V = 8V
Then, moving through the 4Ω
resistor to point b:	


Vb = 8V " IR = 8V " 0.5A( 4#) = 6V

I	

I	


"

"

Answer	


Circuits	


Finally, moving through the 6V battery and going back to point a:	


"

Va = "6V + 6V = 0V
"
"
"
"
"

So, the answers become:	

Va = 0V	

Vb =!6V	

Vc = 8V	

Vd = -1V	


It is possible to have negative
voltage values (even with a
ground), you are just establishing a
coordinate system.	


I	

I	


• Example	

• For the following

Circuits	


circuit diagram,
what is the power
dissipated by the
8Ω resistor?	


"
"
"

Answer	

First, we need to identify which variables we need.	

Since we want power dissipated by the 8Ω resistor, we will
want the resistance (8Ω) and the current (?) that passes
through it.	


"
"

"

"
"
"
"

Circuits	


Answer	

Letʼs reduce what we can by equivalent resistance:	

We can combine the two pairs of resistors in series.	

"

Then, we can identify the
directions for currents at the
top junction:	

Choose up for I1.	

To the left for I2.	

To the 	

left for I3.	

<-want	

Now, by applying the junction rule
we see that:	

" I3 = I1 + I2	


I3	


I2	

I1	


"
"

"

Circuits	


Answer	

Letʼs choose voltage loop directions (need I1 and
I2):	

We can make an inner left loop
	

moving counterclockwise and an
out outer loop moving
counterclockwise.	

Now, by applying the loop rule on
I3	

inner loop we get:	

"

I2	

I1	


"

Circuits	


Answer	

Now, by applying the loop rule on
outer loop we get:	

"

I3	


I2	

I1	


"

Next, we can combine these
two loop equation results
with the junction equation
result to give us our I3 value.	


"
"

Answer	


Start with:	


Circuits	


"
"

"

"
"

Answer	


Circuits	


Now, to solve for the power dissipated by the 8Ω resistor
turn to:	


But, what if we chose the wrong direction of I1, I2, or I3 when
we first started the problem?	

Would our final answer be wrong?	

Letʼs examine the value of I1 in this example to check if we
got it right.	


Circuits	

"

From before:	


"

I1 is negative, so I1 actually went down, not up.	


"

But that didnʼt affect our final answer.	


"

Basically, when we chose our current directions, we chose a
coordinate system, I1 happened to go in the negative direction.	


For Next Time (FNT)	

• Continue homework for Chapter 21	

• Finish reading Chapter 21	


