Notes on Inductance and Circuit Transients
Joe Wolfe, Physics UNSW

Circuits with R and C

What happens when you close the
9 R switch?
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Example
A real C uses dielectric with dielectric const. 4.0 and

conductivity 6 =2 1015Q-1m-1. It is charged then left
disconnected for 1 hour. What fraction of charge remains?
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4.0x 8.9 1012 Fmr2

T~ 2010150-Im1 1.78 x 16 s
V = Ve~ /RC
Q _ V. _ LtRC = 3600t =
Qo_Vo_e_ = € = 0.82

Example Electronic appliance requires 20 W at 40 V DC,
with max variation of 10%. What capacitance needed to store
energy between cycles?
+
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AC has 50 cycles per secord,turns off 100 times/second, ie

every 10 ms.
vi = et/RC 7 0.90
m

t = 10ms, C = ?, whatis R?
R is the effective resistance of the circuit.

2
We know V and P, so use P Vﬁ

R = \2/P = 80Q.

e-t/RC70.90
L 0 ~in (0.90)
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O CUgoa*In.9
= 13000pF

Example the membrane of a "pacemaker” neurone of the
heart has a capacitance of 10 pF and a conductance G =
3.0 @1 Initially the potential difference across this
membrane is-80 mV. The neurone begins a pulse when the
potential difference reache$0 mV. How long before it

begins a pulse? Neglecting the duration of the electrical impulse

itself, what is the pulse rate?
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= 0.96s

The "leakiness" of the membrane is now suddenly increased by

a factor of 2. How long between electrical impulses? and what
is the approximate pulse rate, again neglecting the duration of
the inidividual impulses.
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RC charging
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take derivatives, use

O

o di dt
rearrange: T = -ps
. t
O Ini= - RC
initial condition O Inig =

€

i = el = RE

where § = E/R

iole

io/e?

iR +d

t/T

and

What happens when you close the
switch?

(close switch att = 0,

g=0 V=0

Current flowsonto capacitor, so
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Inductance
Self-induction

oo

flux through each turn of

_ d(Ngs)
dt
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Faraday € =

Inductance, L

(L is the total flux linkage
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per unit current)

di
So € =-L 4 4
Note: € in coil O rate of change ini
cf V across C O integral of i
Units: 1 henry = 1 Volt second/amp



Lenz's law:
€ acts in direction to maintain current (alid B)
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O Lresists changeini
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Example Automobile ignition coil (schematic)
(not in syllabus)
iron

contact
iron a
core

-

spring

L

spring moves iron right to close contadiows which cause8
B attracts iron to left, which opens circuit

€ = - % i - 0 quickly so large

Ideal Solenoid

)3

n turns/m
Ndg = nl BA
but B = poni
N nlponiA
ooL=-2 = TR
L = l.lon2|A (5)

Note:  for non-magnetic materialg, = o = 4m10-7 Hm-1
magnetic materialg) >> Ho O iron cores for large L.

Example Coil in kettle has R = 6Q. Itis 20 cm long, has
1 turn/mm, and is 4 mm in diameter.

i) whatisL?

ii) itis connected to 240 ¥)s Switch has breakdown
potential of 1000 V and is turned off at peak of cycle (V = 340
V). Estimate the duration of spark. (Neglect other L).

. _Vp _ 340 _

Peaki = R - 60 - 5.7A.
(5) -~ L =pontlA

4107 .(103)2. (0.2). @2 103)2 SI

= 3.2upH.
33 E = - L% ~ = 1000 V during spark
T di 1000 V
@ g dt ~ const. = L
i 5.7x3.2106 _
0 At Dg =~ 1000V - 18 ns.

(In practiceAt is larger because of other L's.)



R - L Transients

Recallel = - L%{ (Lenz's law: back emf)

This prevents sudden change in i,
O iis continuous.

|a R i) switch at a.After a long time,
—_— b ﬂk % = U, i = aclR
L=

ii) switchtob att = 0
Oatt=0, i=£c/R
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whereT = L/IR (6)
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iii) switch at b for long time (i = 0). Switch to a at=t0.
di

sc-LaZIR

£ ,
solve . i =g (L-&')

whereT = L/R (7)

Example
—0 =
L — €= 6V
e =L L = 264H
i N HR r=13k (= 13 kQ)
| r R = 47k
o

Switch closed for long time. Open att = 0.
What does the CRO show?

Switch closed after a long tim%{ =0
Kirchoff's law: V = ir = bR

andir =i +ip

CRO shows V=JR =€ = 6V



Switch opened

L forbids abrupt change in i
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Energy in Bof L
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& at < @“ dtH'

U = [dUp :I Li' di'
0

Ug = 5Li2 (8)
c.f. UE=%C\ﬂ

Energy density
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M21 dtl = N dtZl = -€2 (Faraday's law)

(long proof) O M21 = M12 = M

diy : di2
dt + €17 ~ M7 (10)

(S.I. unit henry = Vs Al

so: & =-M



Example Two long concentric solenoids. M =7
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LC oscillations (assume ideal L: Lr= 0, ideal C:
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Example Front end of a radio: fax  Cmin = 1.1 pF
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i) If we want to tune the AM band (54 - 160 kHz) what values of L an®l Elow do we make the L?
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(5) L = gon2lA  say n=2000/m, A
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= 200 m. Oops, try iron core:pr —ﬂi ~ 2000



