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Basic Electricity — Unit 11: Capacitance
Homework 1
Worked Out Example: CIRCUIT ONE
Initial conditions:
Switch 1 open
Capacitors uncharged.
Supply voltage off.
R1=1Q R2=10Q R3 =10 R4 =1Q R5=1Q
Et=10v

— Cl=5uF C2=10uF C1= 20 uF

e VAVAVan

R6 =1Q

AN~

R7 =1Q

A

R& =10 RS=1Q
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Basic Electricity — Unit 11: Capacitance
Homework 1

As soon as power is applied the capacitors act like a short for current.

R1=1Q R2=1Q R3=1Q R4 =1Q R5=1Q

—VASAAM AN AN AN

=t=10v
N F— C1=5uF C2= 10 uF C1= 20 uF
R6 = 10 R7 =10 R8=10 R9=1Q R10=10
Lt gRe 997%
_186%

1

/A.e*‘:
/ - -
O > 1 1.5 e 25 3 4 5

ime (In Time Constants)
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Basic Electricity — Unit 11: Capacitance
Homework 1
Steady State Conditions:
Capacitors charged.
Supply voltage on.
R1=1Q R2 =1Q R3=1Q R4 =10 R5=10Q

Et=10v

+__ | = Cl=5uF C2=10uF C1=20 uF+

+ +

—NNNANN-

Ré6 =10 R7=10Q

“VVNV—VV\~-

R8=10Q R9 =10

AN

R10=1Q

Rt=R1+R2+R3+R4+R5+R6+R7+R8+R9+R10

elec 103.3.11 1 homeworkl vl 20160222.pdf found in Resources by

the M-SAMC Multi-State Advanced Manufacturing Consortium www.msamc.org is licensed under a @ ®
Creative Commons Attribution 4.0 International License.



http://msamc.org/assets/elec_103.3.11_1_homework1_v1_20160222.pdf
http://www.msamc.org/resources.html
http://www.msamc.org/resources.html
http://www.msamc.org/
http://creativecommons.org/licenses/by/4.0/

: )/\NL-SA4 | RELEASE DATE 2/22/2016
N ] VERSION v 001

N US DOL SPONSORED TAACCCT GRANT: TC23767 PAGE 4 of 25
PRIMARY DEVELOPER: Jim Blair - Henry Ford College

Basic Electricity — Unit 11: Capacitance
Homework 1

Capacitors charge.
Current then flows only through resistors.

Rt=R1+R2+R3+R4+R5+R6+R7+R8+R9+R10
=10 Q

It = Et/Rt
=10v/ 10Q
=1 Amp
R1=10 R2 =10 R3 =10 R4 =1Q RS =10
OV s C2= 10 uF

C1= 20 uF

—AMAAAMAAANAAAAAN—

R6=10Q R7=1Q R8 = 10 R9=10 R10=1Q
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Basic Electricity — Unit 11: Capacitance
Homework 1

Voltage across each resistor = (It)(R)
= (1 Amp)(1 Q)

= 1V
This results in:
R1=1Q 9v R2=1Q 8v R3=1Q 7v R4=1Q g, R5=10Q
Et=10v
S E— C1=5uF C2=10 uF C1= 20 uF
. Sv
Ov 1v 2v v
R6 = 1Q R7 =1Q R8=10 R9=10%" R10=10Q
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Basic Electricity — Unit 11: Capacitance
Homework 1

The potential difference across each capacitor is as follows:

VCl1=9v—-1v=8vy
VC2=8v—-2v==56v
VC3=6v—-4v=2v

R1=1Q VR2=1Q 1“'R3=1ﬁ R4=1Q gy R5=10Q

Et=10v
—_— C1=5uF C2=10 uF C1= 20 uF
— — — Sv

Ov VVV. vV VYV VVVEVVVV- VvV VYV

1v 2v 4v
R6 =10Q R7=1Q R8 =10 R9=1Q R10=1Q
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Basic Electricity — Unit 11: Capacitance
Homework 1

Where:
C = 9 C = Capacitance

\/ | Q = Charge in micro coulombs = uC
V = Voltage

R1=1Q 9VR2=1Q 8vR3=1Q v R4=1Q gy R5=1Q

—AASAMBANNTAAN AN —

— C1=5uF C2= 10 uF C1= 20 uF

— — Sv

Ov VVVI vV V V VVV?,VVVV.VVV

R6=10 ¥ R7=10 2 Rrg=10 R9=10% R10=1Q
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Basic Electricity — Unit 11: Capacitance
Homework 1

If we manipulate the formula:
Q

C== Q=CV
V

We can now solve for each
capacitor charge.

R1=1Q ng2=1Q 8VR3=1Q v R4=1Q gy R5=1Q

—ASAMSANMAAN AN,

— = C1=5uF C2= 10 uF C1= 20 uF
p— S5v

N AVAVAVe, e VAVAVe. ad VAVAVevdVAVAY: SAVAVAV

1v 2v 4v
R6 =1Q R7=1Q R8=10Q RO =1Q R10=1Q
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Basic Electricity — Unit 11: Capacitance
Homework 1

Q=CV

Q1 = (C1)(V1) = ( 5uF)(8v) = 40 uC
Q2 = (C2)(V2) = (10uF)(6v) = 60 uC
Q3 = (C3)(V3) = (20uF)(2v) = 40 uC

Et=10v
N N C1=5uF C2=10 uF C1= 20 uF
— — L Sv
R6 = 10 R7 =10 Re=10 R9=10% R10=10
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Basic Electricity — Unit 11: Capacitance
Homework 1

Homework Instructions: Solve the following DC Capacitive circuit based on the worked out examples.

CIRCUIT 2

c1=30ufF I

fr=qov | R1=100

T Va

—-e¢ Vb
Switch 1

C2 = 15uF |
®

What is Va, Vb, Q1 and Q2
Switch open and switch closed.

R2 = 2002
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Basic Electricity — Unit 11: Capacitance
Homework 1

Homework Solution:

CIRCUIT 2

R1 =100 C1 = 30uF

Va

Switch 1
R2 =20Q

C2 = 15uF

What is Va, Vb, Q1 and Q2

Switch open and switch closed.
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Basic Electricity — Unit 11: Capacitance
Homework 1

Initial conditions:

Switch 1 open
Capacitors uncharged.
Supply voltage off.

C1=30uF
Et=40v R1=100Q J—
Switch 1 ‘ C2 = 15uF
R2 = 200
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Basic Electricity — Unit 11: Capacitance
Homework 1

Steady State Conditions:

Switch 1 open
Capacitors charged.
Supply voltage on.

@
+ C1=30uF
Et=40v + R1=10Q J——
ppe— ® ®
- Switch 1 + C2 = 15uF
R2 = 200 ——
9
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Basic Electricity — Unit 11: Capacitance
Homework 1

Once capacitors are fully charged
current flows ONLY through the

resistors.
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Basic Electricity — Unit 11: Capacitance
Homework 1

Rt =R1+ R2
=10Q + 20Q
= 30Q

It = Et/ Rt
=40v / 30Q

1.33 Amps
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Basic Electricity — Unit 11: Capacitance
Homework 1

Switch 1

R2 =20Q

Et40i-|D

VR1 = (1.333A)(10Q)
VR2 = (1.333A)( 20Q)

13.333V
26.667V
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Basic Electricity — Unit 11: Capacitance
Homework 1

9
+ 1l
_ —| 30uF
— o ¢
C2

- 15uF

,|||+

Q=CV
Using the product sum formula for

capacitors in series:
Ceq = [(C1)(C2)]/[C1+C2] ;

= 450/45 -l ] o
= 10 uF E é_/ —T 10uF

L g

AT
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Basic Electricity — Unit 11: Capacitance
Homework 1

= . +| Ceq
—| 10uF

— Switch 1
®

The total charge across Ceq is worked out as follows:

Qtotal = (CEQ)(Vt)
= (10uF)(40v)
= 400 uC =400 micro Coulombs
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Basic Electricity — Unit 11: Capacitance
Homework 1

The charge across each
series capacitor is the same
as the charge across Ceq.

The voltages VC1 + VC2 will
add up.
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Basic Electricity — Unit 11: Capacitance
Homework 1

Q

CV

VC1=QC1/C1
=400 uC / 30uF
13.333V

VC2 = QC2/C2
=400 uC/ 15uF
= 26.667V
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Basic Electricity — Unit 11: Capacitance
Homework 1

In order for the same charge
to be placed on a smaller
capacitor the voltage across
the capacitor must be
greater.
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Basic Electricity — Unit 11: Capacitance
Homework 1

h C1=30uF
| Q1=400uC
[ 13.333V

+

4+ 13.333V

—_ Va

Switch 1 +

R2=20Q) —

—C2=15uF

26.667V Q2=400uC

26.667V
Va =26.667V
Vb =26.667 V
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Basic Electricity — Unit 11: Capacitance
Homework 1

Switch Closed
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Basic Electricity — Unit 11: Capacitance
Homework 1

+ R1=10Q + c1
Et=40v = p—
1 VR1=13.333V = 230uF
o or—e +u
— Switch 1
R2=100Q —t C2
VR2=26.667V — 15uF

C1 and C2 are no longer in series with each other.

Q1 =C1V1= (30uF)(13.333V)= 0.00039999 uC
Q2 = C2V2 = (15uF)(26.667V)= 0.000400005 uC

Total Charge on both capacitors = 0.000799995 uC
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Basic Electricity — Unit 11: Capacitance
Homework 1

SAFETY DISCLAIMER:

M-SAMC educational resources are in no way meant to be a substitute for occupational safety and health standards. No
guarantee is made to resource thoroughness, statutory or regulatory compliance, and related media may depict
situations that are not in compliance with OSHA and other safety requirements. It is the responsibility of
educators/employers and their students/employees, or anybody using our resources, to comply fully with all pertinent
OSHA, and any other, rules and regulations in any jurisdiction in which they learn/work. M-SAMC will not be liable for
any damages or other claims and demands arising out of the use of these educational resources. By using these
resources, the user releases the Multi-State Advanced Manufacturing Consortium and participating educational
institutions and their respective Boards, individual trustees, employees, contractors, and sub-contractors from any
liability for injuries resulting from the use of the educational resources.

DOL DISCLAIMER:

This product was funded by a grant awarded by the U.S. Department of Labor’s Employment and Training
Administration. The product was created by the grantee and does not necessarily reflect the official position of the U.S.
Department of Labor. The Department of Labor makes no guarantees, warranties, or assurances of any kind, express or

implied, with respect to such information, including any information on linked sites and including, but not limited to,
accuracy of the information or its completeness, timeliness, usefulness, adequacy, continued availability, or ownership.

RELEVANCY REMINDER:

M-SAMC resources reflect a shared understanding of grant partners at the time of development. In keeping with our
industry and college partner requirements, our products are continuously improved. Updated versions of our work can
be found here: http://www.msamc.org/resources.html.
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