Calculating the Electric Field

PHY 114-01
Fall 2026



Welcome!

* Take a handout (put your name on it)
* Sit next to at least one person to work with



Agenda

e Lasttime:
e Electric field definition

* This time:
* Electric field calculations from continuous charge distributions



Now, Tom changes one of the positive charges on the bottom to
negative, as shown below. At the position of the dot, the electric field

points approximately




Charge distribution

* Any configuration of many charges with a fixed spatial relationship
e Usually, in the real world, continuous

P E=> dE,




Electric Field Due to Many Charges

* When dealing with a itis
convenient to talk about the charge on an object in terms
of a charge density rather than the total charge.

* imagine a line with total charge g and length
» define linear charge density A=ql/l.

Some Measures of Electric Charge

NAME symbol Sl unit
total charge q C
linear charge density A C/m
surface charge density c C/m?
volume charge density p C/m3



Example: uniform line of charge
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2. Write down
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Some variations for you to think about

* Infinite line of charge
* Non-uniform line of charge (charge density depends on x)
* Calculate the field off-center or at the pole of the line/rod



Physics 114 Lecture 7 September 18, 2026

Name:

1. (0.5pt completion) Write down the charge density for the following uniform charge distributions:

(a) A line of charge
A=Q/L

(b) A plane of charge
c=Q/A

(c) A solid sphere of charge
p=Q/V =Q/(4/37R?)

(d) A hollow sphere of charge
0= Q/A=Q/(rR?)

2. (0.5pt completion) Write down dq for the same charge distributions above.

(a) A line of charge
dq = M\dx = Q/Ldzx

(b) A plane of charge
dq = odA = Q/Adzxdy

(c) A solid sphere of charge
dq = pdV = Q/(4/37R>)r? sin ¢pdrdpd
Here | have used the volume element of a sphere.

(d) A hollow sphere of charge

dq = odA = Q/ (47 R*)R? sin ¢dpdf
Here | have used the surface element of a sphere.

3. (1pt correctness) Write down the three steps for integrating a charge distribution.

1. Write down the charge element dgq.

2. Write down the equation for the charge element contribution to the field dF, using the equation
for the field of a point charge.

3. Integrate over all the dg to get the total field.



