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Lecture 05: 01/30/2024
 Announcements

Written HW#2 due midnight tonight
Written HW#2 due Friday
Special zoom review session at 7 pm tonight

 Last Time
 Coulomb’s Law
 Solving problems by adding vectors geometrically
 Introduction to r-hat

 Today
 Coulomb’s Law

    Coulomb vector form and r-hat
    Electric field
    Electric field lines



2



  

Coulomb’s Law

F=k
q1 q 2

r 2

k=8.99×109 N m2

C2
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Online Problem 2-9
q1=q2=q q3=−q

Force on q2?
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Online Problem 2-9
q1=q2=q q3=−q

Force on q2?
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Online Problem 2-9



  

Coulomb’s Law, Vector Form

F⃗12=k
q1q2

r12
2 r̂12 F⃗net=∑

n=1

N

k
q1qn

r1n
2

r̂1n

F⃗net=Q∑
n=1

N

k
qn

rn
2

r̂n



  r̂



  

Making friends with “r-hat”

r̂
r-hat points from other charges
to 'your' charge.

r̂  is a unit vector like
î , ĵ ,  and k̂

r̂  points in different directions
for different charges



  

Homework 5-63-ish

Find force on the q on top right corner
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N
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(A)   √
2

2
a

(B)   √2 a

(C)   √2 a2

What is r1
2?

(D)   2 a

(E)   2 a2

r⃗1



  

(A)   a

(B)   a î

(C)   a î+a ĵ

What is r⃗1 ?

(D)   √2a î+√2a ĵ

(E)   √
2

2
a î+ √2

2
a ĵ

r⃗1



  

(A)   a

(B)   î

(C)   î+ ĵ

What is r̂1 ?

(D)   √2 î+√2 ĵ

(E)   √
2

2
î+ √2

2
ĵ

r⃗1
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From Coulomb’s Law to Electric field

F⃗net=Q∑
n=1

N

k
qn

rn
2

r̂n E⃗=∑
n=1

N

k
qn

rn
2

r̂n

F⃗net=QE⃗



  

Homework 5-63-ish with field 

Find E⃗-field at top right corner
in absence of Q
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The net force on  –Q  is

A.   Up.

B.   Down.

C.   Left.

D.   Right.

E.   The force on –q is zero.

Slide 25-85

Superposition (Force)



The net field at the 
position “P” is

A.   Up.

B.   Down.

C.   Left.

D.   Right.

E.   The force on –q is zero.

Slide 25-85

Superposition (Field)



  

What is the 
direction of
the field at the
1 nC charge?

Is it
(A) Up
(B) Down
( C) Zero
(D) Left
(E) Right



  



The Field Model

 The photos show the 
patterns that iron filings 
make when sprinkled 
around a magnet.

 These patterns suggest 
that space itself around 
the magnet is filled with 
magnetic influence.

 This is called the 
magnetic field.

 The concept of such a “field” was first introduced 
by Michael Faraday in 1821.



The Field Model

 A field is a function that 
assigns a vector to every 
point in space.

 The alteration of space 
around a mass is called 
the gravitational field.

 Similarly, the space 
around a charge is 
altered to create the 
electric field.

Slide 25-88



The Electric Field

The units of the electric field are N/C. The magnitude E of 
the electric field is called the electric field strength.

If a probe charge (or test
charge) “q” experiences 

an electric force at a point 
in space, we say that there 
is an electric field  
at that point causing the 

force.
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Electric Field Lines
A way of getting intuition for the fields caused by 
a few charges (without calculating)

Positive charges “emit” field lines.
Negative charges “absorb” field lines.
Field lines begin at + charge and end at infinity or 
negative charge.
The tangent to an electric field line gives direction 
of force
Electric field lines do not cross
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E-field of a + point charge
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E-field of a pair of opposite point charges
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Field line views
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More field line views



  

PheT … 
Charges and fields
Electric field of dreams



  

Which set of field lines matches the charges shown?
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Coulomb’s Law and Gravitation

FE=k
q1 q2

r2
FG=G

m1 m2

r2

k=8.99×109 N m2

C2 G=6.674×10−11 N m2
/kg2



  

Why do masses attract?

Why do charges attract/repel?
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Next Class:

Electric field and flux
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