
Physics 115 
General Physics II 

Session 23  
Series and parallel R 
Real Batteries 
Meters 

5/12/14 1 

•  R. J. Wilkes 
•  Email: phy115a@u.washington.edu  
•  Home page: http://courses.washington.edu/phy115a/ 



Today 

Lecture Schedule  

5/12/14 2 



Announcements  
 
•  Exam 2 results (posted on WebAssign and Catalyst 

Gradebook) 
•  Average = 76, standard deviation = 19 
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Exam questions 
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 1.    How much current is “drawn” by a 100 W 
light bulb connected to a 120 V outlet? 

R

(100 W) 0.833 A
(120 V)

PI
V

= = =
Δ

 2.    How much power is used by a 60 W light bulb 
rated at 120 V if it is operated  at 100 V, using a 
dimmer control?  (Assume its resistance stays the 
same.) 

2 2( ) (120 V)  so  240 
/ (60 W)

P P VV R
I V R P

Δ
Δ = = = = = Ω

Δ
2 2( ) / (100 V) /(240 ) 42 WP V R= Δ = Ω =

(Actually, the resistance at this lower operating V will be less than the 
R calculated here, because the filament  temperature will be lower. 

P = V2 / R        Example:  bright and dim bulbs 

(from specifications: 
120V bulb) 

(100V, as used here) 
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Bulbs in Series 

Question:  How does the brightness 
of bulb A compare with 
that of bulbs B and C? 

Answer:  Bulb A is brighter than 
bulb B and bulb C, which are of equal 
brightness. 
 
Reason:  The potential drop across 
bulb A is E, while the potential drop 
across B and across C is E/2. 
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Bulbs in Parallel 

     Initially, bulbs A and B have the 
same brightness and C is out.  
What happens to the 
brightness of the bulbs when 
the switch is closed? 

 

1.  Bulb A gets brighter (because 
the overall current increases); 

2.  Bulb B gets dimmer (because 
current is diverted to Bulb C); 

3.  Bulb C glows with the same 
brightness as B (because they 
split the current equally). 
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Clicker Question 15 

Which resistor dissipates the most power? 

V, R 2V, R V, 2R V, R/2 

  P∝V 2 / R
So power compared to case A is:   B=4A, C=A/2, D=2A
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a bV V I r= + −E

a bV V I r− = −E

a bI R V V I r= − = −E

I
R r

=
+

E
1 A h 3600 C= storedE Q= E

Real vs Ideal Batteries: 
Internal Resistance 

Current*time = charge  
1 ampere-sec = 1 C    
Large batteries are rated in A-hrs 

Series circuits applications 

Ideal batteries maintain E regardless of load, but 
Real batteries have internal resistance  
We model a real battery as  ( ideal battery + resistor r ) 
so E on terminals comes after a voltage drop V= I r  : 

Typical car batteries are rated 50 A-hr or more 
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“Short circuit” = zero R path for I. 
 
     What if you “short out” a battery, i.e., 
connect an ideal (R=0) wire across its 
terminals?  
The potential difference across its 
terminals becomes zero, so 
Ishort=E /r   
 
All of the battery’s EMF is now dropped 
across its internal resistance, r.   
 
Ishort is the maximum possible current that 
the battery can supply 
It is a measure of the internal resistance 
r of the battery:  
r = E  / Ishort 

Bad way to measure r: Short Circuits 

R=0 
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Example: 
A Short-Circuited Car Battery 

     What is the short-circuit current of a 12 V car battery 
with an internal resistance of 0.020 Ω? 
     What happens to the power supplied by the battery 
when it is shorted? 

short
(12 V) 600 A

(0.020 )
I

r
= = =

Ω

E

2 2(600 A) (0.020 ) 7,200 WP I r= = Ω =

    All  of this power would be dissipated inside the 
battery, making it likely to explode.   
Do not short out your car’s battery! 

12 V 

0.02 Ω	




Better way to measure internal resistance 

•  We can determine the effective r in a battery by comparing 
“open-circuit voltage” (when I = 0) to the voltage we measure 
when some known current is drawn 
–  Measure voltage across terminals a-b, with nothing connected: V0   
–  Attach some load and measure the current flowing, then also 

measure the voltage across the battery terminals,  VI   
–  Then V0 = E , and  VI =E  - I r 
–  So r = (E  - VI ) / I   

•  Example: 12 V car battery 
–  Open-circuit, we measure V0 = 12.0 V 
–  With 2 amps current flowing, VI = 8.0 V 
–  Then r = (12 – 8) /2 = 2 ohms 
–  What will battery terminal voltage be for I=5A? 
VI=20A = E  - I r = 12V – 5A(2 ohms)= 2 V 
This battery is not very useful ! 
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Example: 
Lighting Up a Flashlight 

     A 6 Ω flashlight bulb is powered by a 3 V battery with 
internal resistance of 1 Ω.  (Assume ideal wires.) 
     What is the power dissipation of the bulb in this circuit? 
     What is the terminal voltage of the battery when bulb is on? 

(3 V) 0.43 A
(6 ) (1 )

I
R r

= = =
+ Ω + Ω

E

PR = I
2R = (0.43 A)2(6 Ω) =1.1 W

Pr = I
2r = (0.43 A)2(1 Ω) = 0.185 W

bat (3 V) (0.43 A)(1 ) 2.57 VV IrΔ = − = − Ω =E

     About 15% of the total power consumed goes into heating the 
battery rather than lighting the bulb. 
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Ammeters 

Question:  How can you measure 
the current in a circuit? 

Answer:  You must break the 
circuit and insert an ammeter 
into the current. 

Ideal Ammeter:  To have a minimum 
effect on the current being measured, the ammeter must have zero 
resistance, so that there is zero potential difference across the 
ammeter.   Electronic ammeters can give good approximations to this 
condition. 

I = ? 

x x 

Note:  “Clip on” ammeters that measure AC current without breaking the 
circuit are commercially available.  They use magnetic induction (...later). 
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Voltmeters 

Question:  How do you measure the 
potential difference between two points 
in a circuit? 

Answer:  connect one lead of a voltmeter 
to each point. 

Ideal Voltmeter:  To have a minimum 
effect of the circuit being measured, the 
connected voltmeter must have infinite 
resistance, so that no current is diverted 
through the voltmeter.  Electronic 
voltmeters can give good approximations 
to this condition, but electro-mechanical 
voltmeters may not. � 

� 

� 

� 



 So  -  What is a voltmeter or ammeter? 
1. Old fashioned electro-mechanical meters (obsolete but still used) 

–  “Galvanometer” :  
•  Coil in a magnetic field rotates in proportion to I in coil 
•  We’ll learn about how this works in a few days 
•  Generic sensing device for 19th and early 20th C. 

–  Calibrate its deflection vs I : you have an ammeter 
–  To measure volts: use ammeter to measure I through a known large R 

•  Large R, so I drawn by meter is very small – must not significantly affect 
circuit being measured ! 

•  Then V across meter terminals = I R, neglecting R of meter itself  
–  Then mark the meter face with V’s corresponding to I values: voltmeter  
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 What is a voltmeter or ammeter? 

•  Modern digital meters  
–  “Analog to digital converter” (ADC) chips produce computer-readable digits 

proportional to voltage across their inputs 
–  If you want to measure I, put a small R across the ADC and measure V 

•  Small R because you must not significantly affect current being measured 
–  “Digital multimeter” = device that can measure I, V, or R, in one package 
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