
Electrostatics 

Nothing new here, we could just 

skip this unit... 

Well, maybe not 



Statics Activity 

Can you charge up objects to show: 

• The electroscope charge by conduction? 

• The electroscope charge by induction? 

• Two strips repel each other? 

• Two strips attract each other? 

• A strip attract a stream of water? 



 



Van der Graaf 

• If we hold on to the 

dome, we can 

become charged 

• Since our hairs all 

have the same 

charge, they repel 

• Conversely, opposites 

attract 



Static Charge 

• Every atom of matter 

is made of a dense, 

+ve nucleus 

surrounded by -ve 

electrons. 

• We can charge by 

conduction, induction, 

or friction 



Static discharge 

 

../../../Videos/Static discharge.mp4


How much? 

• Electrons and protons have 

the same charge 

magnitude: 

 e=1.610-19 C 

• Ex: a bolt of lightning 

transfers 10 C in a fraction 

of a second.  How many 

electrons is this? 
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Electric Force 

• Very similar to our Fg formula, if 

we replace “mass” with “charge” 

we have: 
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• Where:  

• Q and q are the two charges in Coulombs 

• k=8.99109 Nm2/C2 and 

• r is the distance between their centers 

• Recall gravitation: 
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Ex 1:Find F 

• What is the net force acting on a 8.0C 

charge from the smaller 0.25 C charge? 
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Electric Field 

• Also related to gravitational field g=F/m 

• E=F/q so: 
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• Note: this is a vector, so we can find the 

field at any point relative to two or more 

charges 

http://www.youtube.com/watch?v=bG9XSY8i_q8


Exercises 

• p. 198 #20-21 

• Activity 



Direction? 

• The direction of electric field is defined as 

the direction of force on a positive test 

charge 

• Note: field lines never cross! 





 



 



Ex 2:Find E 

• What is the electric field 0.25 m to the right 

of a 0.5 C charge? 
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Exercises 

• p. 198 #20-21 



Capacitors 

 



Get him to the Greek! 



More Electric Field 

• Also related to voltage 

• If you cross a voltage V in a 
distance d we get 

V

q
C 

• Ex 1: A capacitor is connected to a 6V 

battery. What is the capacitance if it 

stores a charge of 3.5 μC? 
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Supercapacitors! 



 



How much charge? 

• The capacitor in this bus charges at 1 MW 

of Power at 240V for 10 seconds at each 

bus stop. First: how much energy? 
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How much charge? 

• The supercapacitor charges at a MW of 

Power at 240V for 10 seconds at each bus 

stop.  
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q

W
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• How high? 

– Potential is energy per unit 

charge 

– Charges that “fall” across this 

potential difference lose 

potential energy and gain 

kinetic energy 

height
weight
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





Capacitor activity 

• Use a voltmeter to set a power supply at 

2.7V 

• Measure current of capacitor as it charges, 

every 10sec 

• Sketch a graph of its charging curve 





Cathode Ray Tube (AKA electron gun) 

• Ex 1: what is the 

accelerating 

potential (AKA 

Voltage) if the 

electrons are 

accelerated to 

0.1c? 
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2

2

1
mvqV 

q

mv
V

2

2



 
 C

s
mkg

V
19

2
731

106.12

103101.9










kVV 6.2



• Deflection 

– The greater 

the deflection 

potential, the 

greater the 

deflection 

Vd 



• Ex 2: How 

much 

deflection will 

we observe if 

we decrease 

the deflection 

potential to 

100V? 
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Exercises 

• p. 162 #1, 2, 3a-c 

• Careful, electrons fall up! 

https://www.youtube.com/watch?v=BIj0OEA9Q7o


Potential Energy 

• Similar to gravitational potential energy we have 

electric potential energy 

• The main difference is this can be positive or 

negative, depending on the charges 

• ®Opposites: Owe; Like Charges: Dough! TM 

../../../Videos/AC_DC - Moneytalks.mp4


 



 



Ex 1:Find Ep 

• What is the potential energy of an electron 

in a H atom?  
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Order of the universe in 12 

steps 
• 1025 m  

• 1020  

• 1015  

• 1010  

• 105  

• 100  

 

• Observable universe 

• Milky Way 

• Solar System 

• Giant Star 

• Small moon* 

• Human 

• *That’s no moon, it’s a space 

station! 



Order of the universe 

• 100 m  

• 10-5  

• 10-10  

• 10-15  

• 10-20  

• 10-25 

• 10-30 

• 10-35 

 

 

• Human 

• Bacterium 

• Atom 

• Nucleus 

• Quark 

• String? 

• Quantum Gravity? 

• Planck Length 



Ex 2:Find Ep 

• What is the electric potential energy of the 

protons in a He atom if they are 1fm 

apart?  
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Electric Potential 

• This is analogous to field being force per 

unit charge 

• Potential is the energy per unit charge (c.f. 

elevation) 

• J/CVolts 
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Ex 3:Find V 
• What is the electric potential midway 

between -2C Cujo and 2C Killer if 

they are 2m apart?  

• Cujo: 
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Ex 3:Find V 
• Killer: 
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Equipotential lines 

• Always perpendicular to field 



 



Potential Difference 

• We can use the potential difference 

between two points to solve problems 

since: 

eVqW 

• Ex: what is the change in potential 

energy as the proton moves across this 

capacitor?  
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Energy Conservation 

• If the proton has lost potential energy 

travelling from one plate to the other: 

 E=0 

 then it has gained kinetic energy 

• What is the maximum speed of the 

proton? 



0E

pk EE 

JEk
171084.3 

kg

J

m

E
v k

27

17

1067.1

1084.322









s
kmv 214



Exercises 

• p. 166 #1-5 

• What are you doing Friday? Quiz? 

What’s up with that? 

• Chapter Review p. 166-8 

http://www.youtube.com/watch?v=06XMlf3ga1E
http://www.youtube.com/watch?v=UDTZCgsZGeA&NR=1
http://www.youtube.com/watch?v=PFQjyAaFLTs
../../My Videos/VIDEOS/What's up Latest.wmv


More Capacitors 

• We can also find the electric field using 

potential difference since: 

r

V
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• Ex: what is the magnitude and direction 

of the electric field in this capacitor? 



m

V
E

0125.0

240


right
C

kNE  2.19

r

V
E e








More Potential Difference 

• Ex: What is the electric potential 

difference between points P and R due to 

the fixed point 

• charge Q?  
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Work done 

• How much work is done in moving a 

charged particle? 

Work done 

=qV for a known potential difference 

= Ep for point charges 

*Don’t use W=Fd! F is usually not constant!! 

Exception? W=qEd for a uniform electric 

field 

Ex: how much work is done in ionizing a 

H atom?  



• Work done is change in 

potential energy  
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Ex 2: find the work done on the 

.25 C charge 

?FdW 
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Proton Gun?! 
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NF 151004.1 
• The negative reminds us that for a negative 

charge, force is in the opposite direction as 

field 

• Force is downward  



Equipotential lines 

• Similar to a contour map 

• Shows areas of equal potential 

• Always perpendicular to field lines 
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1. The diagram below shows some lines of equipotential in the 

region of an electric field. 

 

Which graph best shows the 

magnitude E of the electric field 

strength along the line XY? 

 

(1) 

 



Review 

• V=potential 

• Ep=potential energy 

• F=force 

• Q=charge 

• r=radial distance 

• Delta=change in… 

 



Review 

• Chapter Review Questions p. 166-168 

1-15 (Bonus 16-18) 

• Test Yourself p. 169-172 1-17 

• Chapter 5 test Thursday?! 


