
1

Midterm #1
E

B

D

C



2

Midterm #1

𝑞 ∗
𝑞!

𝑥 + 0.2 ! + 𝑞 ∗
𝑞"
𝑥!

= 0

𝑞! ∗ 𝑥! = −𝑞" ∗ 𝑥 + 0.2 !

2.806 ∗ 𝑥! = 𝑥 + 0.2 !

𝑥 = 0.5	𝑚
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Resistors in Series & Parallel
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Direct-current (dc) circuits: The direction of the current does not change with time. 

Alternating current (ac) circuits: The direction of the current reverses periodically.

Different ways of combining resistors

Resistors in series Resistors in parallel



Resistors in Series
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Resistors in series share the SAME current 𝐼.
𝑉! = 𝐼!𝑅!, 𝑉" = 𝐼"𝑅", 𝑉# = 𝐼#𝑅#

Since 𝐼! = 𝐼" = 𝐼# = 𝐼

Find 𝑅$%, the equivalent resistance for 
the resistors in series.

𝑉 = 𝐼𝑅$% = 𝑉! + 𝑉" + 𝑉# = 𝐼(𝑅! + 𝑅" + 𝑅#)

𝑅$% = 𝑅! + 𝑅" + 𝑅# +⋯ =+
&

𝑅& Equivalent resistance for 
the resistors in series



Resistors in Parallel

6

Resistors in parallel share the SAME voltage 𝑉.

𝑉! = 𝐼!𝑅!, 𝑉" = 𝐼"𝑅", 𝑉# = 𝐼#𝑅#

Since 𝑉! = 𝑉" = 𝑉# = 𝑉

Find 𝑅$%, the equivalent resistance for 
the resistors in parallel.

𝑅$% =
𝑉
𝐼 =

𝑉
𝐼! + 𝐼" + 𝐼#

=
𝑉

𝑉
𝑅!
+ 𝑉
𝑅"
+ 𝑉
𝑅#

=
1

1
𝑅!
+ 1
𝑅"
+ 1
𝑅#

1
𝑅$%

=
1
𝑅!
+
1
𝑅"
+
1
𝑅#
+⋯ =+

&

1
𝑅&

Equivalent resistance for 
the resistors in parallel



Resistors v.s. Capacitors
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𝑅$% = 𝑅! + 𝑅" + 𝑅# +⋯ =+
&

𝑅&
1
𝑅$%

=
1
𝑅!
+
1
𝑅"
+
1
𝑅#
+⋯ =+

&

1
𝑅&

(series) (parallel)

𝐶$% = 𝐶! + 𝐶" + 𝐶# +⋯ =+
&

𝐶&
1
𝐶$%

=
1
𝐶!
+
1
𝐶"
+
1
𝐶#
+⋯ =+

&

1
𝐶&

(series) (parallel)

The relations are reversed.



Example 1
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What is the equivalent resistance?
What is the current through each resistor?

𝑅"

𝑅!

𝑅#



A 120-V, 60-W incandescent light bulb; a 120-V, 120-W incandescent light bulb; and 
a 120-V, 240-W incandescent light bulb are connected in series as shown. The 
voltage between points a and b is 120 V. Through which bulb is there the greatest 
voltage drop?

A. the 120-V, 60-W light bulb

B. the 120-V, 120-W light bulb

C. the 120-V, 240-W light bulb

D. The voltage drops across all light 
bulbs are the same.

a

b

120 V
240 W

120 V
120 W

120 V
60 W

𝑃 =
𝑉0

𝑅



Beyond Series & Parallel
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Resistors that are neither in parallel nor in series…



Kirchhoff’s Rule: The Ultimate Solution for Circuits
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Junction: A point in a circuit where three or more conductors meet.
Loop: Any closed conducting path.



Junction Rule
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The tricky part for applying the junction rule lies in 
the sign of the current. 

The above sum rule only applies to currents that 
flow into the junction.

If there is a current 𝐼 that is leaving the junction, it is 
equivalent to a −𝐼 current flowing into the junction.Junction rule: 𝐼" + 𝐼! − 𝐼" + 𝐼! = 0



Loop Rule
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Be careful about the sign!



Read This Carefully (Page 851)
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Example 26.4
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Find 𝜀, 𝑟, &	𝐼.



Example 3
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𝜀 = 8.0	𝑉, 𝑅! = 3.0Ω, 𝑅# = 2.0Ω, &	𝑅" can vary between	3.0Ω and 6.0Ω. 
1) For what value of 𝑅" is the power dissipated by 𝑅! the greatest? 
2) What is that power?



Example 26.6 (If  time permits)
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Find the equivalent resistance for all five resistors.


