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PHY294H 
l  Professor: Joey Huston  
l  email:huston@msu.edu 
l  office: BPS3230 
l  Homework will be with Mastering Physics (and an average of 1 hand-

written problem per week) 
◆  Help-room hours: 12:40-2:40 Monday (note change); 

3:00-4:00 PM Friday 
◆  No hand-in problem for tomorrow; for next Wed 31.79 

l  Quizzes by iclicker (sometimes hand-written) 
l  Average on exam is around 65; will pass back tomorrow 
l  Course website: www.pa.msu.edu/~huston/phy294h/index.html 

◆  lectures will be posted frequently, mostly every day if I can 
remember to do so 
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Resistors in series 

l  Consider two (or more) 
resistors in series 

l  The same current passes 
through both resistors 

l  The total voltage drop 
across the two resistors 
is the sum of the voltage 
drops across each 
resistor 

l  We’d like to find an 
equivalent resistance for 
which the current would 
be the same given the 
same voltage drop 

ΔVab = ΔVa + ΔVb = IR1 + IR2

I = ΔVab
R1 + R2

=
ΔVab
Req

Req = R1 + R2 (+R3 + ...)



!
!

Resistors in parallel 

l In this case, the 
current splits up 
when going through 
R1 and R2, but we 
know that the voltage 
across R1 and R2 are 
the same 

l Replace by an 
equivalent resistance 
I = I1 + I2 =

ΔV
R1

+
ΔV
R2

=
ΔV
Req

1
Req

=
1
R1
+
1
R2

+
1
R3

+ ...
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Example 

l What is the 
equivalent resistance 
between a and b? 

l Re-draw (if needed) 
l Decide what resistors 

are in series and 
what resistors are in 
parallel, and then 
simplify  
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Example 

l What’s the current 
through each of the 
resistors?  
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Example 

l What’s the current 
through each of the 
resistors?  

1) The 4Ω and 12Ω resistors are in parallel. 	


Replace them by a 3Ω resistor.	


2) That 3Ω resistor is in series with the 4Ω 	


resistor. Replace them by a 7Ω resistor. 	


3) That 7Ω resistor is in parallel with the 	


24Ω resistor. Replace them with a 5.4Ω	


resistor. 	


4) Now I have a circuit with one loop, and	


two batteries  and two resistors: 5.4Ω in 	


series with 3Ω. These two resistors are in series so the total resistance is 8.4Ω.	


The sum of the two batteries is 9V. (They oppose each other.)	


5) The current through the 3Ω resistor and the 5.4Ω resistor is thus 1.07A. 	



Below, I denote all equivalent	


resistances in italics.  	
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Example 

l What’s the current 
through each of the 
resistors?  

6) The voltage drop across the 5.4Ω resistor	


is (1.07A)(5.4Ω)=5.78V. This is the voltage 	


between points a and b. This is also the voltage	


across the 24Ω resistor. So the current through	


that resistor is 0.24A. 	


7) But the current into a is 1.07A, so that	


means that the current through the 7Ω	


resistor (the branch from a to b) is 0.83A. 	


8) The voltage drop across the 3Ω resistor (4Ω	


and 12Ω in parallel) is 5.78V-(0.83A)(4Ω)=2.46V.	


9) Thus, the current through the 4Ω resistor (in 	


parallel with the 12Ω) is 0.615A, leaving 0.215A to go through the 12Ω resistor.  	



a	


b	
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What things about the resistors in 
this circuit are the same for all 
three? 	



QuickCheck 31.6	



A.   Current I. 
B.   Potential difference ΔV.	


C.   Resistance R. 
D.   A and B.	


E.   B and C.	
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Which resistor dissipates 
more power? 	



QuickCheck 31.7	



A.  The 9 Ω resistor.	


B.  The 1 Ω resistor.	


C.  They dissipate the 

same power.	
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Real batteries 

What does this have to do with starting your	


car in the winter? 	
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Equivalent resistance 
l So in a simple circuit 

like the one on the 
right, the total 
resistance is the sum 
of the external 
resistor R and the 
internal resistance r 

l Typically r is small 
(<<1 Ω) for a car 
battery, so if you 
short a car battery, 
watch out 


