Capacitors Circuits

James H Dann, Ph.D.

To access the online version of this FlexBook
click the link below:

https://www.ck12.org/c/physics/capacitor-circuits/lesson/Capa
citors-Circuits-PPC/?referrer=concept_details

cK flexbooK

next generation textbooks

1


https://www.ck12.org/c/physics/capacitor-circuits/lesson/Capacitors-Circuits-PPC/?referrer=concept_details

To access a customizable version of this book, as well as
otherinteractive content, visit www.ck12.org

CK-12 Foundation is a non-profitorganization with a mission
to reduce the cost of textbook materials forthe K-12 market
bothintheU.S. and worldwide. Using an open-source,
collaborative, and web-based compilation model, CK-12
pioneers and promotes the creation and distribution of high-
quality, adaptive online textbooks that can be mixed, modified
and printed (i.e., the FlexBook® textbooks).

Copyright © 2024 CK-12 Foundation, www.ck12.0rg

Thenames “CK-12" and “CK12" and associated logos and the
terms “FlexBook®"” and “FlexBook Platform®” (collectively
“CK-12 Marks") are trademarks and service marks of CK-12
Foundation and are protected by federal, state, and
international laws.

Any form of reproduction of thisbookin any format or
medium, in whole orin sections, must be attributed according
to ourattribution guidelines.
https://www.ck12info.org/about/attribution-quidelines

Except as otherwise noted, all CK-12 Content (including CK-12
Curriculum Material) is made available to Users in accordance
with the CK-12 Curriculum Materials License
https://www.ckl2info.org/curriculum-materials-license

cK-1) License

Complete terms for use forthe CK-12 website can be found at:
http://www.ck12info.org/terms-of-use/

Printed: February 22,2024 (PST)

cK

CONTRIBUTORS
Chris Addiego
Antonio De Jesus
Lopez

AUTHORS
James H Dann, Ph.D.


www.ck12.org
www.ck12.org
https://www.ck12info.org/about/attribution-guidelines
https://www.ck12info.org/curriculum-materials-license
https://www.ck12info.org/curriculum-materials-license/
http://www.ck12info.org/terms-of-use/

Capacitors Circuits www.ck12.org

% Capacitor Circuits

Circuits containing capacitors are easy to understand, take a closer look at them.

Capacitors Circuits

When a capacitor is placed in a circuit, current does not actually travel across it. Rather,
equal and opposite charge begins to build up on opposite sides of the capacitor ---
mimicking a current --- until the electric field in the capacitor creates a potential
difference across it that balances the voltage drop across any parallel resistors or the
voltage source itself (if there are no resistors in parallel with the capacitor). The ratio of

charge on a capacitor to potential difference across it is called capacitance.

It is important to break down a complicated circuit into the equivalent capacitance using
the rules for capacitors in series and capacitors in parallel. Also remember that

capacitors in parallel have the same voltage while capacitors in series have the same

charge.
Key Equations
C= % Definition of Capacitance
Charallel = C1 +Co +C3 + ... Capacitors in parallel add like resistors in series
1 1 1 1
=— 4+ —4+—+4+... Capacitors in series add like resistors in parallel
C'series Cl 02 03

Example

In the circuit shown below, determine (a) the total capacitance and (b) the total charge
stored.
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(a): In solving this problem, we'll call the 20 uF capacitor C} , the 60 uF capacitor Cy
,the 40 uF capacitor Cy, and the 100 uF capacitor Cy.

Our first step will be to find the equivalent capacitance of Cy and Cj .

1 1 1
02,3_02+Cs
11 1
Co3 60 uF T 10 uF
1 5

Co3 120 pF
Cy3=24F

Next, we'll combine the capacitance of Cy3 and (y.

Ca34 = Co3 + Oy
02,374 =24 ,U,F + 100 /J,F
02,374 =124 ,U,F

Finally, we can combine 02,3,4 with C] to find the total capacitance.
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1 1 1
Ceq B Cl i 02,3,4
11 1
Cey 20 uF + 121 uF
1 -1

o = .058 uF

Coy = 17.22 uF

(b): Now we can use this value to find the total charge stored on all the capacitors by

also using the voltage provided on the diagram.

Q=CV
Q=1722 uFx10 V
Q = 172.2uC

el I sl 00 C) wiem
) S

https://www.ck12.org/flx/render/embeddedobject/335

Review

2002 S

[Figure2]
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1. Consider the figure above with switch, §, initially open and the power supply set
to 24 V:

a. What is the voltage drop across the 202 resistor?

b. What current flows thru the 60f2 resistor?

c. What is the voltage drop across the 2(0 microfarad capacitor?
d. What is the charge on the capacitor?

e. How much energy is stored in that capacitor?

f. Find the capacitance of capacitors B, C, and D if compared to the 20uF
capacitor where...

i. B hastwice the plate area and half the plate separation
ii. C has twice the plate area and the same plate separation
iii. D has three times the plate area and half the plate separation

2. Now the switch in the previous problem is closed.

a. What is the total capacitance of branch with B and C?
b. What is the total capacitance of the circuit?

c. What is the voltage drop across capacitor B?

Review (Answers)

1.a 6V b. 0.3A c. 18V d. 3.6 x 107C e. 3.2 x 1073J f.i) 80uF ii) 40uF iii)
120uF

2.a. 26.7uF b. 166.7uF
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