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RC Circuit - Sudden DC Change

=0 Just before switching
=0 - sudden dc change
O<t<bt
t =5t Capacitor 99% charged
t=> ¥ —final dc
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RC Transient DC Circuit

Init = initial (t = 0)
SS = steady state (t = ¥)

Ve() 1) V(D) 1R(D)

V,(t) = Vss+ (Vinit- Vss) et

i (t) = Iss+ (linit - Iss) et
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RC Transient DC Circuit

Analyze circuit and find:
° 1

 |nitia value

o Steady state value

Then substitute:
V,(t) = Vss+ (Vinit- Vss) gt
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RC Circuit — uncharged capacitor

Ve(t) = Vss+ (Vinit - Vss) e Ut

Example: t =RC =10ns
uncharged Vinit = OV

Vss =10V
Ve(t) = 10V + (0V - 10V) e Y10ms
Ve(t) = 10V - 10V e t10ns
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RC Circuit — charged capacitor
Ve(t) = Vss+ (Vinit - Vss) e Ut

Example: t =RC =10ns
charged Vinit = 3V

Vss =10V
Ve() = 10V + (3V - 10V) e vioms
Ve(t) = 10V - 7V g V10
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RC Transent Circuit Analysis

Establish capacitor voltage before switch thrown

Evaluate time constant after switch thrown

| nitial model of capacitor and evaluate circuit

Steady state model of capacitor and evaluate circuit

Apply universal RC eguations

o ok W N BF

Sketch resulting equations
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Capacitor Models— Know These

INITIALLY - Uncharged cap

INITIALLY - charged cap

Eo inital voltage

STEADY STATE - fully charged cap |

/-|-\ insulator ‘

Purdue University & EET 107 - 35 Introduction to Circuit Analysis



10
1. Example - before switch closed

e switch open for along time Is assumed
o Steady state capacitor =»
e V. =0V
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2. Example - time constant

RC Time Constant when switch closed
et = RC = 1kW" 1InF = 1Ims

Cap 63% charged after switch closed
e 5t = 5 1ms = 5ms

Cap 99.3% charged after switch closed
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3. Example - initial circuit

t=0
e V=0V uncharged cap model
o Capacitor actslikeaSHORT

* V=10V and I;=1-= 10mA
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4, Example - steady state circuit

{ >> 5ot

o capacitor acts like an open: model as OPEN

* V. =10V capacitor fully charged
e Vg = OV
lc = I = OMA
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5. Example - capacitor voltage equation

Capacitor Voltage
t =1ms

Vinit = 0V
Vss = 10V
Compl ete capacitor voltage expression

Ve () = Vss+ (Vinit- Vss) et
Ve (t) = 10V + (OV - 10V) g ¥ims
Ve (t) = 10V - 10V e-tims
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5. Example - capacitor voltage equation

Ve (t) = 10V - 10V evims

Alternate form by factoring out 10V
Ve (1) = 10V (1- evims)
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5. Example - capacitor voltage equation

Evaluating capacitor voltage - t in units of ms
ve(t) = 10V - 10V g¥ims

Vo(0) = 10V - 10V e%ms = oV

Ve (Ims) =10V - 10V glmsims = 632V

Ve (2ms) =10V - 10V e2msims = 865V
® 060

Ve (5ms) =10V - 10V e5msims = 993V

Purdue University & EET 107 - 35 Introduction to Circuit Analysis



17
5. Example - capacitor voltage equation

Evaluating capacitor voltage - tin units of t
Ve () = 10V - 10V et

vo(0) = 10V - 10V e =QV
Ve (1t) = 10V - 10V ettt =6.32V
V. (2t) = 10V - 10V e2!t =8.65V

V. (5t) = 10V - 10V e/t =9.93V
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6. Example - capacitor voltage sketch

v.(t) = 10V - 10V e

t Ve (t)

0 0.0V

1t  1ms 6.3V

2t 2ms WAV o t
3t 3ms Q. 5V 0 t 2t 3t at st
4  4ms 9.8V e oms
5t 5mS 99V ISing curve
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5. Example - capacitor current equation

Compl ete cap current expression

ic(t) = Iss+ (linit- Iss) e™

ic () = OmA + (10mA - OmA) e-tims
I () = 10mA e-UVims
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6. Example - capacitor current sketch

i.(1) = 10mA e

L Ic (t)

0 10.0mA

1t  1ms 3.7/mA

2t 2ms 1.3mA

3t 3ms 0.5mA t
4t 4ms 0.Z2mA o t 2ot st a4t st
St oms 0.1mA Falling Curve oms
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5. Example - resistor current equation

Note: quick solution, same as the capacitor current
io(t) = ic(t) =10mA etims

Same sketch
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5. Example - resistor voltage equation

Quick solution;: Ohm's Law

ir(t) = 10mA e tims
Vg(t) = 1kW ~ 10mA e Uims

Vg(t) = 10V e ¥ims
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6. Example - resistor voltage sketch

V() = 10V et

L V(1)

0 10.0V

it  1ms 3.7V

2t 2ms 1.3V t
3t 3ms 0.5V 0 t ot at 4t st
At 4Ams 0.2V oms
Gt 5Ms 0.1V Falling Curve

Purdue University & EET 107 - 35 Introduction to Circuit Analysis



24

Resistor Sketches

Resistor voltage and current sketch
must have the same shape.

Ohm'sLaw  v(t) = Ri(t)

Related by a constant !
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What If Charged Cap - initial circuit

 What if cap was previously charged to 4V
 |nitial model of cap would be a4V supply
o V, = 10V - 4V =6V

e |, =1.=6V/1IKW=6mA
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RC Circuit - universal equation

Ve(t) = Vss+ (Vinit - Vss) e Ut

Example t =10ns
Vinit = - 4V

Vss =10V
Ve(t) = 10V + (- 4V - 10V) g vi0ms
Ve(t) = 10V - 14V e v10m
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RC Circuit - universal equation

Evaluatev(t)at t = 18ns

Plug in atime and find a voltage.

10V - 14V ¢ ' /10ns
V(. ) = 7.686V

<
@)
~~
~—

¥
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RC Circult - capacitor voltage sketch

At t=18ns, V. = 7.686V

t =10ns

S S e
18ns 50ns

Rising Curve
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RC Circult - capacitor voltage sketch

Given avoltage, find the corresponding time.

t =10ns

t
t 2t 3t at st
? 50ns

Rising Curve
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RC Circuit - universal equation

How much time “t” does it take to
charge to a particular voltage ?

For example, how much time “t” Is
needed to charge the capacitor to 3V ?
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RC Circuit - universal equation

Ve(t) =3V

t="

= 10V - 14V e vi0ms
-7V = - 14V g v0m

05 = e t/10ns
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RC Circuit - universal equation

(05) = (e-tllons)

AAonent pops out

-0.693 = -t/ 10ns
t = 0.693 x 10ns = 6.93ns
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RC Circult - capacitor voltage sketch

How much time is required to charge the capacitor to 3V?
t= 6.93ns

t =10ns

of 3t 4t st
50ns

Rising Curve
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Multiple RC —simplify to Thévenin
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Textbook Example 14-5

« Uncharged capacitors before switch closed
e Closeswitch for 4 msthen reopened

e Draw vq(t) and i4(t)
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Textbook Example 14-5

Charging Discharging
curve curve

t=2ms t=6ms
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Textbook Example 14-5

t=2ms t =6ms
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Textbook Example 14-5

Larger C

Smaller X

L essvoltage drop
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Capacitance - VDR in Seady Sate

R=>1/C

VDR steady state
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"~ Multiple RC — Thévenin M odel
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