Chapter 2 - CAPACITORS AND INDUCTORS

 CAPACITORS AND INDUCTORS

* KIRCHOFF'S LAWS

* RC CIRCUITS

* LR CIRCUITS

* RC INTEGRATOR AND DIFFERENTIATOR



CAPACITORS- Charge Storage devices
=-q/C or q=CV
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A dielectric is polarizable material that strengthens
the capacitance by attracting more charge to the plates.

K =dielectric strength



Electrolytic Capacitors

/Metal electrodes

*High capacitance but unipolar!

*\WWhen voltage is applied a thin oxide paper I

layer (d~50um) forms on the + electrode. + | :feac';f(jyte -
The capacitance C=ke,A/d is thus very L

large. vions — T

*If the polarity is reversed for a length of ¥

time the insulating oxide layer is Insulating
damaged and the capacitor will conduct el

current and heat.

Either leaking or exploding may result.

-Attach + side to more positive side of I.S.L.. 1.S.L. I.S

ircuit. 1O e 0 OxF 100 _
circuit 35\ 38 v 3

 Designer must keep +side at higher DC
potential.

» Some electrolytics allow AC!




Series and Parallel Connections

AV AV
1/C =1/C1+1/C2

— - — C=C1+C2




Example
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C,s = (2.5+60) F =62.5 F




INDUCTORS- Current Opposing Devices

e=-Ldsdt LYYV
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back emf
opposing
B(t)

self inductance

An iron core strengthens inductance. Magnetic domains react to
the di/dt, thereby increasing the emf. (Similar to dielectric!)



CIRCUIT EMFS- Kirchoff's Laws

V() -iR-qg/C-Ldi/dt =0 general case

2nd order DE and solvable.



RC Circuit

R C
J,ax=CVo
q
k k q(t)
%
. Vo
I
V(t)
____________ v Oma™CV
. . , |
V(t) -iR-g/C =0  Kirkoff' s law qc(t) i charging
|
dg/dt + q/RC = V(t)/R !
q q (t) 2 0,630,
M [¥]¥]RC = capacitive time constant |
Solving V(t) = Vo charging and V(t)=0 discharging i
qc(t) = CVo(1-eRC)  charging V(t)=Vo, q(0)=0 - i
rd |
= = -t/RC = = -t/IRC I
I(t) = dq/dt= Vo/R e V(t) =I(t)R= Vo e | 0.37q,,.,
qc(t) = CVoet/RC dis-charging V(t)=0, q(0)=CVo l Ny Dis-charging
i &
I.(t) = dqg/dt= -Vo/R e/RC V(t) =I(t)R = -Vo e/RC |
t=RC t 8



RL Circuit

R L

V(t)=Vr(t)+V.(1)

V(t) -iR - Ldi/dt =0 Kirkoff’ s Law I(t)
di/dt +i R/L = V(t)/L

7=L/R = inductive time constant

solving

i(t) = Vo/R(1-e*RL)  v(t) on, i(0) =0
VR(t)= I(t)R = Vo (1 -e-tRIL) Back emf holds
VL(t)= L di/dt = Vo etRIL current down for

a short period t~L/R!
i(t) = Vo/R etRL V(t) off

MM MLR t



Example 2-#6

R=1K An engineer wishes to replace the inductor with
a capacitor giving the same time constant.
What is the value of C?

The voltage characteristics of the circuit remains the same!

| L=25mH

'\

1=L/R=.025/1000=30us i, =V/R=100mA

We can replace 1 = L/R = RC to obtain an
equivalent circuit.

25nF
C = L/R%2=2.5e-8F=25nF
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Example 2-#7 RC Circuit

Describe the current which flows to point A when the
switch is closed.

C
qc(t) =CVo(1-eRC)
al| [A lo(t)=dg/dt =Vo/R eRC = | _ gURC
-

+ . Positive charges flow to the left plate
vV i + and negative charges flow to point A

0 R until the capacitor is fully charged,

T according to I(t) above.
) ~ Negative charges flowing CCW are

equivalent to + charges flowing CW
to replenish + battery charges!
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Transformer - Example of an Inductor

. ground

L)
Center tap
L
¢ Secondary

Primary

Transformer Equations:

1V1=12V2 Conservation of energy
V2/V1 = N2/N1 Balance of Induced Emf
V2 = N2 dB/dt V1 =N1 dB/dt
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DC and AC Waveforms

=V, + V. sin(wt)

V(t) =
DA,

V=0

V(t)

= Vdc + Vac(t)

T

»
»

max

~ V(t) with DC blocked!

|
/'Y \ \‘ ,I \ /
A\

V=0
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Integration and Differentiation

blocking capacitor

I R Vout

Differentiator

V,,(t) = I(t) R = R dQ/dt \

Q =Qdc + Qac

V() = R dQ/dt = R dQac/dt
Only the AC current is passed
through a series capacitor !

RC << AT,

Capacitor quickly charges.
Resistor current spikes and quickly
falls to zero because RC<<T.

C V(t) = g/C + iR R

_/NMVW\
V(Y) q| C
| Vout
Integration
capacitor
Integrator
V() = qt)/C = 1/C J.i(t)dt

0
The capacitor integrates the

incoming current (smoothing)!
RC >> AT, (Integration)
Capacitor slowly charges over many
noise cycles but adding to zero zero
net charge on average or V-~0!
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Noise Filter

Often electronic noise accompanies a signal we are trying
to capture or amplify. An RC integrator may be the solution!
If we Integrate the bipolarity noise signal the integral will vanish

due to the alternating sign of the voltage.

RC > AT to average out the spikes! f=1/AT = frequency of noise.

voltage
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RLC Analogue Circuit

V(t) = L dg2/dt2 + R dg/dt + (1/C) q

F(t) = m dx?/dt? + u dx/dt + k x
K
|- @ Ar

Mfriction
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