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fu |2.1 - Introduction - 333

Camera Flash (RC Circuits)
When the camera is switched on, a battery slowly
charges a capacitor to its full potential via an RC circuit

RC Circuit

http://holbert.faculty.asu.edu/ece201/cameraflash.html



i 2.3 - Introduction

Camera Flash (RC Circuits)
The photographer then presses the shutter button,

quickly discharging the capacitor through the flash (a
resistor). The current from the capacitor is responsible

for the bright light that is emitted.

RC Circuit

http://holbert.faculty.asu.edu/ece201/cameraflash.html
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— Capacitor charging (= %) and discharging (¢ %)
— Transient (gz /% 7)) voltages and currents result
when the circuit is switched



Dlscharge
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« For an uncharged capacitor, at s c =
the instant the switch is closed,
the current jumps to E/R, then decays to zero

— At the instant of switching, the circuit looks
like a short circuit Vet ? ¥ #mE om0 k@ s Bipi o 1)

Tom U R A0 SRR AT R B Ak R
— The voltage across the capacitor begins at
zero and gradually climbs to E volts
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. Discharge

R9V|EW 'a:i fé ﬁjﬂ;i ':;E Charge  position .

a

position R
| Rl
 Assume the capacitor has E volts L o o
across when it begins to discharge

— The current jumps to -E/R
— Both voltage and current will decay to zero

I
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Capacitor Charging Equations

 Voltages and currents in a charging circuit do
not change instantaneously

— These changes over time exhibit an exponential form

VR
—AW— By KVL,v, +v. =E
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Integration leadsto |V, = E (1 - gt )




Capacitor Charging Equations |

RCdstC+VC= _LVOE_lvcd(E_Vc):_z%dt
RCC%[C: E -V, _In(E_Vc)\\V,O :Rt_C

E_lvc dvc=%dt _(In(E_V)_In(E_VO)):F:—C
—E—vad(E_Vc):%dt |nE_—\>/O :_F:_C
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Capacitor Charging Equations

E-v __t
E-V, RC Ly
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« \Voltage across the resistor E=

Capacitor Charging Equat %—

Vo, = E -V,
_ E . E(l_e—t/RC): Ee—t/RC
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Duration of a Transient
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Duration of a Transient
o PFRY W #HcTdx &~ Z A=

VC - E(l— e—t/RC)
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Capacitor with an Initial Voltage

* If the capacitor already has a voltage on it, this
voltage Is denoted as V,

« Voltage and current in a circuit will be affected
by the Initial voltage

-—oa'o—R?\%SeQ—— ———————————————————————————

E—=—40V C7Rve | . E_V0
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Capacitor Discharging Equations

* If a capacitor Is charged to voltage V, and then

discharged, the equations become
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An RC Timing Application

* RC circuits are used to create delays for alarm,
motor control, and timing applications

« The alarm unit contains a threshold detector,
and when the input to this detector exceeds a
preset value, the alarm is turned on

I [nput
Input o ANA— E f:I'OITl
from R | sensor
o '« Threshold
] f e
= : : Alarm
B | on
(a) Delay circuit S

— -1— Delay

(b)



Pulse Response (*% 4 22 &) of RC Circuits

« Apulse is a voltage or current that changes from
one level to the other and back again

* Apulse train (*%:4 ¢ 71]) IS a repetitive stream of
pulses

« Waveform with high time equal its low time Is a
square wave (= &)
* Length of each cycle of a pulse train is period T

V —> ’p = v —> % | e | *’}‘—Vl
o L el jEinining
pe—T—Fe=T—> ¥ ] e— T—> B —> & T—>T >
(@) "%k B 7] > T4 ik 8 (b) = (c) Pulse repetition rate

= 2 5% )
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Pulse Response of RC Circuits

Pulse width relative to a circuit’'s time constant
determines how it is affected by an RC circuit
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Effect of Pulse Width (1/3)

* |If pulse width >> 57, the capacitor charges and
discharges fully

— For circuit (a), charging and discharging occur at the
transitions of the pulse
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Effect of Pulse Width (2/3)

* |If pulse width = 57, the capacitor fully charges
and discharges during each pulse

23



Effect of Pulse Width (3/3)

* If pulse width << 57, the capacitor cannot fully

charge and discharge

— Switching occurs on the early part of the charging and
discharging curves, .".v is roughly triangular

— V¢ = Integral of v, ; v does not reach the steady

n ?
state till 5 time constants




Effect of Pulse Width: # & (1/3)

\"_)V'TTJ /ﬁtﬁ%l)‘ B pOl?f’/f t=0. 17f/

— &% - Bk (R R=0.18) % o v e F]5(1-0101)=
5(1-e1)=3.16V
BFEIT > D% - Bl @ S (PF0.1s) -

VE3.16Vig *~ 33.16e0:101=3,16e1=1.16V

— Vi L.16V R 4 > 0.14; 15 = $13.59V » 2 15 £ Ji
3.59VT ' 1 3.59e1=1.32V

— WA T ENBERCE S RCLET SR
¥ OB R R T

5V 316 359 365  3.65

0 116 ' 132 ' 134
> 0.1 e > 0.1 e ST
(a) By AT (b) EHER v,




Effect of Pulse Width: & ] (2/3)

#include <stdio.h>
#include <stdlib.h>
#include <math.h>

#deftine MaxCycle 9

int main(int argc, char *argv[])
{
int 1;
double E = 5
double VC _h]

8.1, VB = 8, tau = 8.1;

for (1

}

system( " pausgE]
return o;




Effect of Pulse Width: & 5| (3/3)

BER SREE BENV ZF=EP EEE B=D IEM FHEE JTFE:W) FREH)

i.ﬂ"@'ﬁgﬁlﬁﬁﬁ_ﬂ.l—ﬂ"‘-"v:$||>|F{e|ease v”WinEE v|||a- L_end vlﬂﬁﬁwmav;
P hom @ | 52 (Z%|+780 % |@-Ci8 R o|EE|=2 2| 08083 08388000
| EEE | e -| v ¥ ]zEEs |-

FEEE -Functi. v [ X | Formlh Formih (5]

| 2| WO RCEEZZELEY SSESEIRELE chikh@yuntech.edu.tw) o
o 5=
- EaF EE yEE
G- 0 28 @WAZEE =5V, FERKE - EEEE tau = EEiEse - meEw | [<][=][5] [La] (04
1
o B
=)
- I 3588V (71.8%) 3.646V (72.9%) 3.654V (73.1%) 3.655V (73.1%)
- ' '
""" E 3161V (63.2%)
< |
SEEE
S
1.32V (26 .4%) 1.341V (26.8%) 1.344V (26.9%) 1.345V (26.9%)
1163V (23.3%)
/
f
BEEC
shiz




2w R V(1) =V cosat LE
so@ e ven

LA RC%CJFVC =V cosot @ -

é'm(U::Aﬂnwt+Bcost L

1 1
Aw cos wt — Bw sin wt + — (A sin wt + B cos wt)= —V cos wt
RC RC

B VwRC B_ V
1 4+ w?(RC)? 1 4+ w?(RC)?
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Remarks

RCR 2 22T (75 F & &l = 4250
- TRE - 1T R

E ﬁ%])‘ TR E w2 RCT B vty & 250

— Y P Ev()=Vsinot > BJv(t) ?
g RL(>Inductor) & B 7t 5 3 i e 47585 5

X R FEFRARCT B B2 42555
— Cix & : https://bit.ly/3tIyv19

— Visual C++5x & : https://bit.ly/3A70yx3
—¥EFE T pd 2 * (chikhn@yuntech.edu.tw)
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