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Example — Charge and Discharge

+ VC -
R1 1 C1 IC
i = 204F j7
+ —0 9 H +
__V1 R2 . agn
Bl =sov Saka VR2 No initial charge
V=0V, t<0
Position 1: C, charges through R1 and R2
Position 2: C, discharges through R2
Circuit for Position 1
* Ve - ~h IC(t)
R1 c1 IC DYy
MV += ( Thevenin 5kQ j7
+ 3kQ 20pF Equivalent * V1 c1 | +
__V1 R2 —_— > — +
E1 — 50V Vth —50v 20uF — VC(t)

§2kn VR2(t)

|

.l
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Example — Charge and Discharge

r = RC = 5kQ - 20uF = 0.1sec g =1
io(t) = ()e™ At>0 e T
io(t) = (Bg)em™ At >0

ve)=E(1—¢e7) V.t >0

ve(t) = 50(1 — etma) V, ¢ > 0 .
QZ\EI {EEF %7+

R2
E1 —so0v §2kn VR2(t)

Vio(t) = ic(t) - Ry = 2071V, ¢ > 0
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Example — Charge and Discharge

+ VC -

Att =1 sec (1 sec >5 T), switch moves to position 2 o j:l aH!
. E1 ;:(:V g'::n VR2
V¢ (t =1 sec) =50V, final V(t) from charge phase : I ( 1 -
m V cannot change instantaneously + + VC -
C1 IC(t)
V. will decrease exponentially to 0 V
= Ve P y L j7
Depends on 7 value for timing 20uF A
= The capacitor acl:lts like a battery during discharge + VG - ;g ?,Rz(t)
= F e?XV
Initial Charge  Assumes E at t=0 =

E =50V T=R-C=2k0-20uF = 40ms

—(t—1)
’Uc(t) 50e 0dsec V' t > 1sec Note:t, ., = 1 sec (not 0 sec)

—(t—1)
’l'-’Rg(t) = —vc(t) = —50e" 008 V.t > lsec
. 'URO(t) e 3 —(t—1)
ie(t) = —F—=—=25-10""e 00T A,t > lsec



- Electrical Engineering Technolc
Simulation — Charge and Discharge

1

RO 2

ety -
e, 3

_ Analyses and Simulation

" Active Analysis:

v
=50V

- 3kQ

o | —
“20pF ety
e=00 .

S R2+
2kQﬁ§_VR2(t)f ﬁ

Interactive Simulation
DC Operating Point

AC Sweep

DC Sweep

Single Frequency AC
Parameter Sweep
Noise

Monte Carlo

Fourier

Analyses and Simulation

Active Analysis:

Interactive Simulation
DC Operating Point
AC Sweep

DC Sweep

Single Frequency AC
Farameter Sweep
Noise

Monte Carlo

Fourier
Temperature Sweep

Distortion

Recall: 1

Transient

Analysis parameters Qutput Analysis options Summary

Initial conditions:

User-defined

Temperature Sweep
Distortion

Sensitivity

Worst Case

Noise Figure

Pole Zero

Transfer Function
Trace Width

Batched

Analyses and Simulation

Start time (TSTART): | 0

| Active Analysis:

Interactive Simulation

End time (TSTOP): | 0.5

DC Operating Point

[IMaximum time step (TMAX):

Determine automatically

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

time will increase.

[ Jinitial time step (TSTEP):

charge

Determine automatically

= 0.1 sec

Simulate for 51

AC Sweep
DC Sweep

Single Frequency AC
Parameter Sweep
Noise

Monte Carlo

Fourier
Temperature Sweep

Distortion

Sensitivity

Transient

Analysis parameters Output  Analysis options Summary
Variables in circuit:

All variables ~

> Add

Filter unse

Rarn

Transient

Analysis parameters Output  Analysis options Summary
Variables in circuit:

All variables >

Add

Remove

Remove
Edit expression...

Add expression...

Vc(t = V2-V3,
VRZ(t =V3

ic(t) = vs(t)/R2

Selected variables for analysis:
All variables v

V(3)

Selected variables for analysis:

All variables >~
V/(3)/2000
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Simulation — Charge and Discharge

________________________ +Veity-
o r 2 e 3
....... . _B
::::::::3!(‘:1:::::::::::ZOHF:::::ic(t):::::
qgv 0 le=00 gy
—Sv. KA
v 7

Grapher View

File Edit View Graph Trace Cursor Legend Tools Help

B LW X B O G S X B a o R

Transient I

CapCharge

Transient
60

50

40

(100.1006m, 31.6199)

Voltage (V)

(100.1006m, 7.3520)

Grapher View

N}
File Edit Wiew Graph Trace Cursor Legend Tools Help
BRYx R BEONGAA QG THEE O a7 oR b e
Transient | Transien t| Transient | Transien t| Transient Transent |
CapCharge
Transient
12m
10m
)

&m >
S 6m 1100.4057m, 3.6645m) -
& £
o .
& .
‘2 4m ‘ 2

Zm T

-
— -
Om T T
2m : : : ; : : : :
Um 100m 200m Hm 400m
Time (s)

iz Vw2

At one time constant (0.1 sec):

Om 100m 200m 300m
Time (s)

g2V g

vc(0.1sec) = 31.6V
vrz(0.1sec) = 7.35V
ic(0.1sec) = 3.66mA
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Checking the charge phase results (theory and simulation):

- {
ie(t) =10-1077 - eTTA, t > 0

Example — Charge and Discharge

—1
ve(t) = 50(1 — eF)V, ¢ > 0

—1
’URQ(t) ic(t) - R2 = QOBWV, t >0
t (sec) ic(t) Ve(t) Vro(t)
Calc Multisim Calc Multisim Calc Multisim

0* 10 mA 9.9 mA oV oV 20V 199V
0.1(7) 3.68 mA | 3.66 mA 316V 316V 7.36V 7.35V
0.25 0.82mA | 0.82 mA 459V 458V 1.64V 1.63V
0.5(57) 67.4 pA | 66.7 A 49.7V 49.6 V 0.13V 0.13V

1 0.45pA | 0.45 pA 49.98 V 49.85V 0.91 mV oV
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Simulation — Charge and Discharge

R1 1 \c C1 IC _ _
?:6\' Y += { | Analyses and Simulation
+ 2 20puF " Active Analysis:
E1 _V1 R2 Interactive Simulation Transient
it VR2
50V §2k0 DC Operating Point Analysis parameters  Output Analysis options Summary
- " AC Sweep Variables in circuit: Selected variables for analysis:
All variables . All variables w
1 DC Sweep 1(R2) v(3)
= Single Frequency AC EE%;
L . Parameter Sweep
4 Vely- . _
e, o= > I >
|1 o . Monte Carlo
W 1. _ < [remee ] <
S 20|_|F B ic(t) . . . . Fourier
L |C=50V L L ‘R2 P . Temperature Sweep
S o 2kQ:§_VR2(t): Distortion VC(t) —_ O-Vs,
¥y . Sensitivity
e R R Vre(t) = V3

Analyses and Simulation Active Analysis:
Active Analysis:

Interactive Simulation Transient

Interactive Simulation Transient DC Operating Point Analysis parameters  Output  Analysis options Summary

AC Swee Variables in circuit: Selected variables for analysis:
Analysis parameters Qutput Analysis options Summary ? ¥

AC Sweep ransien :
Initial conditions: User-defined v DC Sweep
Transient

DC Sweep

DC Operating Point

Single Frequency AC
Start time (TSTART): |D |s

Parameter Sweep
Single Frequency AC

. Noise
Parameter Sweep End time (TSTOP): | 02 | s

Monte Carlo
Maise —_—

Remove <
Fourier

Recall: Tgischarge — 40msec R : —
Simulate for 51 (Simulation starts at t=0 = oft) = vs(t)R2
sec, actual time is t=1 sec)
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Simulation — Charge and Discharge

60

40

20

Voltage (V)

-20

-40

-60

Y

+ . Veit) -
C1 I
A N
sy
B R2 [ +
2kQ éVRZ(t)
0
CapDisCharge
Transient

\\ 140.0000m, 18.3990) -

(40.0000m, -18.3990)

CapDisCharge
Transient

40,0000, -9.1995m) |

Om 40m 80m 120m 160m
Time (s)

At one time constant into
discharge (40ms, actual

Om 40m 80m 120m
Time (s)
0-vi(3)
)4 3)

160m

problem time of 1.04 sec):
vc(1.04sec) = 18.4V
Vr2(1.04sec) = -18.4V
ic(1.04sec) = -9.2mA
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Example — Charge and Discharge

Checking the discharge phase results (theory and simulation):

~(t-1)
Ve(t) = H0e 00TVt > 1

—(t—1)
VR, (t) = —50e 00TVt > 1

—

| o =(t=])
te(t) =—25-1077 - e 00T At > 1

t (sec) ic(t) Ve(t) Vro(t)

Calc Multsim Calc Multisim Calc Multisim
1* -25 mA -24.93 mA 50V 49.85V -50 V -50 V
1.04 (7) |-9.20mA 9.2 mA 18.39 V 18.4V -18.39V -18.4V
112 (37) | -1.24 mA -1.23 mA 249V 247V -2.49 247V
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In Class Problem

Find t for V() = 25 V for charge and discharge
« No initial charge on C1

« Switchtopos1att=0

« Switchtopos2att=1sec

+ VC
R1 1 C1 IC
w1
+ —0 2 20]"F .
_vi R2
E1 =50V §2m VR2

Same circuit as earlier



