DEVICES — AC CIRCUITS

&
Battery Source of Coulomb E -field +I !-
Output is emf: &

Capacitor; Container for E -field C= %
. - C

2
~ Potential Energy U, = Q/zc

: 1
1, = Bnergy stored per m’ = 5 € E?

€= 9% 10" F/m
Resistor: Represents that it costs energy to transport charge through a conductor

I
. VZ
Power loss P= I’R = ®
. ) _ g
Inductor: A time varying current causes a Non-Coulomb £ -field, or an induced emf, L = Al
4 (74
1
Container for B -field, Potential Energy U, = ELi2 I
- o
B? __/m

n, = Energy stored per m’ =.’% '

A.C. Generator: Wire loops of area A rotated at @ rad/s ina B-field. Generates non-coulomb

E -field in the loops, produces an emf: &= wNBA Sin(wt)

Where N=# of turns in the loop. Hence ac-generator

@, = NBAcos(®) ' . .
Where ® is angle between 71 and B : ; :
Rotation by @ rads/=r makes® = wt, @, = NBAcos(®)

Yo AD,

= —~NBAwsin ot, &= — ic:)” = wNBA sin ot




' CIRCUITS

I. RC with battery, close switch at /=0, current flows immediately, potential across C appears

later ¢ = %+ iR g \S
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7
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i= et : - V.= € [1— eﬂ%?c]
R : :
r=RC

N.B. Current first, voltage later.

L RL With Battery

J

Close switch at /=0, v, immediately jumps to |¢]
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Current builds slowly.
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-Ry ' € - Ry
v, = ge Z i:’E[l—e /L]

- Note: Voltage First, Current Later,
III,  LC-Circuit: Undamped Oscillator

First charge C'to Q,. Close switch at /=0. bEnergy stored in

2
capacitor U, = % : - -
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L

Charge begins to flow. Total Energy = (Energy in E -field) + (Energy in B -field)
- - .
= (Energy in C) + (Energy in L)
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Now

1 1
kA? = Ekxz + S
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Recognize, similarity to spring-mass oscillator
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E -field collapses giving rise to B -field and vice versa.
- : . -
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Charge q= Q, Cosayt o,
‘ Current
| | .
[ ot
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Period T = 2—”
, 0,
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IV, LCR-CIRCUIT: DAMPED OSCILLATOR,

At =0, charge Cto Q, close switch, Now driving i through R costs i* R per second.
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g 1 -2)
So [—2C+ > Li | ISNOT CONSTANT

2
q 1 .2]
A(2C+2Lz .
=-i'R

At

~ -ive sign on right because enérgy is being lost (R is getting warmer).

Now ¢ = Qoe_’%" C;osa)t

’L'="1‘€

wot = Quality factor = Q,

exponential

Note 1: smaller R, larger the duration for which the oscillations persist.
Note 2: R plays role of friction; as always energy lost goes to raise temperature. Electrical
Equivalent of Heat.
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CIRCUITS: AC

L Resistor and Generator

Vi=1IR
g R

If e= & Sinwt

-
i=-—Sinwt
R

’

Current and voltage are in phase.

Power
v
CP()=iv ' | f ‘ |
5 \/
=—-Sin" ot
R :
i N
U
. g he R o
averaged over acycle. < P>= —~=--=—_—— and the power loss is as if R was connected to a

& . &, i :
battery whose ¢ = j’; In this sense one talks of TOZ and _«/% as roof-mean-square or r.m.s.

voltage and current,

1I. Generator and Capacitor




now g=Cv

so charge and voltage in phase. | =2
v= g Sinot \_/
4

;

q = &Sinwt

. ' i
A
i= A—z: + 80CCI)I Cosot \ |

i and v are not in phase i leads v by A

1 . . o
- has dimensions of R and we define capacitive reactance
) .
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wC
. &
| =-——coswt
XC
&’
Now P(t)= —— Sinat Coswt
XC
Average (P)=0
No power loss on average. ‘ .

1L @ o
»Now voltage in phase with slope of i vs.# curve.,
B N N N |
If i =i, Sinot
L

LAi
&- Vi 0
Y

LAt

v %
v, = lywLCosawt and now voltage leads current by >




X, =wL

And again <P >=0

Iv. Generator with all three.

To work out behavior of L-C-R circuit we have to keep track of the relative phases in R, C, and

I .

We introduce the concept of a Phasor. We have a series loop so current has to be same at all
points, We.begin with the current and build the voltage vector.

Take i = i, Sin wt and represent it by current Phasor: vector of magnjtude i, rotating at.angular

velocity w, i.e.

C

Concentrate on =0

i vector
V¥ —»

v, vector (in phase)

¥R

v =0

v, ‘vvector (% béhind)
o
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v, max" - ive
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v, vector (% ahead)

lywL

v, max + ive

Total Voltageyvector
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Power in Circuit

P=iv= i, Sinat Sin(wt+ B)
=158, [Sinza)z‘ Cos@ + Sinawt Coswt Sin@ ]

(P) = fﬁ;—‘) Cos®

This is the concept bf Power factor Cos
Next, Define Impedance

Z = R2+(a)L~~l—)2
' wC

R
then i, = %&Cos@ =

2 2
& &
so <P >:Lcos®:ﬁcos2 ®

i=1i,Sinwt
v= g Sin(wt+3)




0

RESONANCE If generator frequency can be varied i, = - %

2

g

2 o
)/R +(a)L wC

. { |
Gives iy~ 0 when @ - 0 b/c — - « [capacitor cuts off i ]

oC
ih— 0 when @ - ® b/c @wL - «© [Inductor cuts off ;]
1
i, 1s max" when oL = —
Iy s max oC
~ This is the phenomenon of Resonance _
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The phase difference @ is also a function of frequency
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2 | max m power hence
C Dominates : “RESONANCE”]
| o
|
|
I N
x ' >
2 o @
©=JIc

Il




Note: Resonance occurs when Generator frequency o

, 1
Circuit 0 =

5

is equal to natural frequency of L.C
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