Electrical

Engineering
[ echnology

Capacitor Charge - Continued

Fall 2018



Recall - Equations for the charge phase:

KVL is still true!
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Equations for the charge phase — ic(t) and Vr(t)
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Plotting the equation i = —e 7 versus time (1).
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Equations for the charge phase — Vc(t)
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charged” at 5t.



Recall - Equations for the charge phase:
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In Class Problem

+ 'I‘.fn' —_
] = L
B Ry AW\ i
R '
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E = - C ~T~v,

Given:

 There is no initial voltage on the capacitor, Vc(0) = OV
e E=10V,R=40000hms, C=2uF

* The switch is moved to position 1 at t=0

Find:

* Ic(t) and sketch
* Vc(t) and sketch
* VR(t) and sketch
e Vc(t) at 10ms

e Ic(t) at 10ms
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Multisim - Demo

C i {-r'

2uUF

T = RC=8ms

Analyses and Simulation

Active Analysis:

Interactive Simulation
DC Operating Point

AC Sweep

DC Sweep

Single Frequency AC
Parameter Sweep
MNoise

Monte Carlo

Fourier
Temperature Sweep
Distortion

Sensitivity

Worst Case

Transient

Transient

Initial conditions:

Start time (TSTART):

End time (TSTOP):

[ ] Maximum time step (TMAX):

Rt

AN
B 4kQ
—10V | ;‘_’1 B
S —2uF

i1c=0.0

Analysis parameters Qutput Analysis options Summary

User-defined

0.04

Determine automatically

Setting a small TMAX value will improve accuracy, however the simulation

time will increase.

[ ]mnitial time step (TSTEP):

Determine automatically

Set to 5t to view
the entire transient
period
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Multisim - Demo

o 4kQ
A
—=10v c
——2pF
0 1C=0.0
A = 5 0 >
Active Analysis:
Interactive Simulation Transient @
DC Operating Point Analysis parameters Output Analysis options Summary
AC Sweep Variables in circuit: Selected variables for analysis:
All variables All variables v
Transient
I(R1 1
DC Sweep I((Vl))
Single Frequency AC FlC1 i
q quency PRI) Grapher View O X
Parameter Sweep :EY]U File| Edit View Graph Trace Cursor Legend Tools Help
ve) dd ERUxEREONG A AR IARAC[ AWM SBIBB
Monte Carlo Transient l
. Remove
ourier CapCharge
Temperature Sweep Edit expression... H
e - - Transient
Add expression... 3.0m I C t p I Ot
Sensitivity
Worst Case 2.5m = C .f.
ursor verities
Noise Figure I(cl)
- .
PleZ - 10ms) = 716uUA
ole cere 20m x1 10.0000m IC( S) - u
Transfer Function vl 71€.1782p
Trace Width —— S' 1.5m ;ﬁ 8 8388
satched Filter unselected variables... Filter selecte t dx —10 l-}DUDm
atche .
g dy —716.1782p
User-Defined More options } 5 1.0m dy/dx 71.6176m
. 1/dx -100.0000
Add devi del s Show all device parame d ;
evice/model parameter simu\at\un in the audit tr
i 0.5m
Delete selected variable Selact variables tc
0.0m
P Run Save Can
-0.5m
Om 5m 10m 15m 20m 25m 30m 35m 40m
Time (s)
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Multisim - Demo

AAA Analyses and Simulation
4kQ o Active Analysis:
__V1 L L L L L L L . . c1 . Interactive Simulation Transient
—10V I
__2|.IF DC Operating Point Analysis parameters Output  Analysis options Summary
0 1C=0.0 AC Sweep Variables in circuit: Selected variables for analysis:
L o o o o . All variables w All variables
V(3
DC Sweep T(R1)
Single Frequency AC 1(v1)
P(C1)
= S S S . . } Parameter Sweep P(R1)
_ P(V1)
Noise V(1) = Add =
Monte Carlo
< Remove <
Fourier
Grapher View

File| Edit View Graph Trace Cursor Legend Tools Help

B @9 % EHARG A AR A ARAD| A sh BB

Transient] Transient Transient l

CapCharge

Transient
2 4 F
12
10 -
8- - Cursor verifies
S Curs ~Vc(10ms) = 7.14V
o v(3)
[=)]
S
O 4- x1 10.0000m -
= vl 7.1353
X2 0.0000
9. v2 0.0000 |
dx -10.0000m
dy -7.1353
dy/dx 713.5287
0 1/dx -100.0000 °
_2. : : : : : :
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Example — Multiple Resistors

S1
1 2 R1 3 R2
SV AN = "NYNN——4
closed at t=0 300 100
. + | c1 R3
—225V Vc(t) ==100pF §5un
- 1IC=0.0
0
Find:
* Vc(t) and sketch for t > 0 seconds Hint — Can we handle THIS circuit?
* Estimate t for Vc(t) = 100V
+ k)R(t)' t)
WA -V
Approach?? R
+ +
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Example — Multiple Resistors

1 .~ 2 R1 3 R2 VTH
o AN AN 4
closed at t=0 30Q 10Q 81
1 2 R1 3 R2
——V1 + C1 R3 clo;ed a‘; t=0 ;{]\3 1 %\3 4
—225V Ve(t) ==100pF gSUQ l
- IC=0.0 v A R3
—225V
0 T 50Q
B =
RTH
S1
2 R1 3 R2 m
—o o AN * AR 4
closed at t=0 30Q l 10Q ° Vl*[(R2:3)/((R213)+R1)]
A R3 e 150V
B 50Q

=

RTH

« R1//(R2+R3)
e 20 0Ohms

Analyze the Thevenin Equivalent Circuit:
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20Q "X"
150V |4+ +
E —

— C I Yot

100ufF| _




Example — Multiple Resistors

+ UR'(t) Ct)
TM A
150V |, )
E p—
-T- C —(— 'v'c(t)
100uF| _
Vo(t) = E (1 _ e‘?")
_ boo
v =150 (1 — el@s) v o

o
P0.05E 10.982E 1)0.993E
10.865E 1959, 1(98.2%)1 | (99.3%)

0.637E:(86 ’i%)l : |

Estimate t for Vc(t) = 100V
From the plot: Just over 1 time constant
~2.1ms

V. (&) = 150 (1 - e(z_ts)) v

|
I I
| |
| |
| (63.2%|
| |
I |
I |
1 1

0 | e 17 27 37 47 57 67

Switch closed



Example — Multiple Resistors

Thevenin Eq
2021%) —
R
150M1 +
cC —— Uc(t)

100uf -

=||

’N
150V 129.8V (0,95 10.982F | 0.993E
IO 865E I(gq%) |(98_2%)= (99.3%)
(o32|(86:5%) | |

| Ve (t) = 150 (1 - e(z__nfs)) Vi

I
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i
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Switch closed

Estimate t for Vc(t) = 100V
From the plot: Just over 1 time constant
r~2.1ms

Voltage (

Original Circuit

s1
1 2 R1 3 R2
o o AN AN 4
closed at t=0 100 100
Vi + | c1 R3
—225V Vc(t) ==100pF éson
- 1IC=0.0 )
0
CapCharge - 225Vex
- Transient
V(3)
Estimate t for Vc(t) = 100V
From the simulation: 2.2ms
Om 2m 4m 6m 8m 10m

-20

gV

Time (s)




