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Quick Formula for exponential

[%] O 100
 Rising process 20 80 pd
\ /
X(t)=1-e” 40 60 ><’
60 40 \
 Falling process / \
L 80 20
xt)=e S|
1000 1 2 3 4

The Quick Formula directly provides the equation for a rising/falling

exponential process:

5 [1]

Xy|= process start value

X, |= process end value

00

T F Process time constant

X(t) = X, = (X, —%)e ’
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Time constants

Uc

() “wlc s I =RIC

i+ R

B T,
=( ) L R

« More complex circuits one simplifies with equivdeircuits to one of
these elementary shapes. (If this is not possihareced courses will have
a transform methood available).
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Continuity requirements
Summary

The Capacitor has voltage inertia

In a capacitor, charging is always continuous
The capacitovoltage is always continuous.

>
L)

? The Inductor has current inertia

In an inductor the magnetic flux is always contiasio
In an inductoicurrent is always continuous.
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"All” by "the rest”
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Capacitor charging (10.5)

R=2000Q andC = 1000uF
Obtain an expression fog(t)
Draw function uc(t)

Calculate how long it takes for
U- to reach +10V?

f:D R

15V
_|_

C

{1

D (D~

O
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Capacitor charging (10.5)

R=2000Q andC = 1000uF
Obtain an expression fog(t)
Draw function uc(t)

Calculate how long it takes for
U- to reach +10V?

Up=2V
Ueoo = 15V
T=2000100010°%=2s

f:D R

15V
_|_

C

{1

D (D~
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Capacitor charging (10.5)

R=2000Q andC = 1000uF
Obtain an expression fog(t)

Draw function uc(t)

Calculate how long it takes for

U- to reach +10V?
Up=2V
Ueoo = 15V
T=2000100010°%=2s

f:D R

ey A N
_|_

V10N

~N |~

X(t) = X, = (%, = %) &

\L \L - —0,50
u.(t) =15- (15-5)[@ 2 =15-10[&®
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Capacitor charging (10.5)
t=0 g

R=2000Q andC = 1000uF H

Obtain an expression foR(t) 15 }_/

_ + 5V
Draw function uc(t) C) <>

Calculate how long it takes for

|
cC +
!

U- to reach +10V? .
_t
Uso=5V X0 =%, = (X, —x) &’
Ueoo = 15V

t
1 =2000100010%=2s U.(t) =15- (15-5)[& 2 =15-10& >*"

Note: Capacitor voltage is continuous — If you put a vadtagross a
capacitor it can not charge instantaneously (woedgiire infinite
current). The voltage will not change at once.
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Capacitor charging (10.5)

R=2000Q andC = 1000uF
Obtain an expression fo(t)

Draw function uc(t)

Calculate how long it takes for

U- to reach +10V?

f:D R

D (D~

{1

O
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Capacitor charging (10.5)
t=0 g

R=2000Q andC = 1000uF M

Obtain an expression fog(t) 15 }_/

Draw function uc(t) C) +<>5V

Calculate how long it takes for

O
A
c +
!

U- to reach +10V? .
Uc(t)[V]
15
.-—-"‘""-F-—_
10 /
5 A /
W
T
0 2 t [s] 4
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Capacitor charging (10.5)

R=2000Q andC = 1000uF
Obtain an expression fo(t)
Draw function uc(t)

Calculate how long it takes for
U to reach +10V?

f:D R

15V
_|_

C

{1

D (D~

O
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Capacitor charging (10.5)

f:D R

R=2000Q andC = 1000uF J‘é—(:
Obtain an expression fof(t
P B 15 Vv N y cl &
Draw function ug(t) C) <> — Uc
Calculate how long it takes for i
U to reach +10V? .
Uc(t)[V]
15
[ —
10 -1 |
5 \ /
vy
0 2 t [s] 4
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Capacitor charging (10.5)

f:D R

R=2000Q andC = 1000uF Jé—‘:
Obtai lon fop(t
ain an expression fog(t) 15 ) 5\ cl &
Draw function u(t) C) C) — Uc
Calculate how long it takes for )
Uc to reach +10V? *
Uc(t)[V]
n a”ll 15_ 5 15 I,
t=rh——=2Mh——= | | 2~ +—
rest 15-10 g
= 2[0,695= 139s I —
vy
0 2 t [s] 4
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Neon lamp (10.9)

s R, 600ko &< ™

E — . On 65V P

200V I . Off 55V |
+

! R, i
C) 400kQ | | M,:Cgu(f)

Flash-circuit with neon lamp.
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Neon lamp (10.9)
a) When will the first flashing light be?

4 s R 600kq )

E — — J— 8% %55,\// Fl'he circuit’'s Thevenin )
200V c + equivalent:

+ R, |
C) 400k | |3 MFCQ 4 | R =600]]400 = 240@

_ L - \Eo = 200400/1000 = 80&

The capacitor is charged from OV up to 80V at 6B¥ meon lamp
lights up (and discharges the capacitor to 55V whgaoes off).

r :m: = 240010° [(2210° = 0,528

t = 70n-2" = 05280 200
rest 80— 65

= 088s
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Neon lamp (10.9)

b) How long will it take until the next blink? /

The capacitor is now charging from 55V up to 80\65Y when the neon
lamp lights up (and discharges the capacitor to, $b&h it goes off).

<>

65V :

55V 4V

r =0,52€ |
Flash frequency:
t—r[[ha—”—0528[[i180_5520,27s f=t=1 _37p
rest 80— 65 T 027
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Neon lamp (10.9)

c) If R, isremoved, how long doesit then /-
between flashes?

4 s R/ 600ka ) . .
E ot ] on 65V If R, is re_moveoE will not be
votage divded.

SO0V ] Off 55V
J() 4001'?2 . t E = 200.
2,2 “FCQ “O° " Timeconstant will be changed.

\_

The capacitor is charging now from 55V up to 20@¥%V when the neon
lamp lights up (and discharges the capacitor to W8¥n it goes off).

T IZD =60010° [2,210° = 132 Flash frequency:
all 200-55 11 il
t=rlh— =1320h =0,094s z
et 2" 200-65 Tooo
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Schmitt-trigger (10.10)

|

10k
1k S
D -
{ 1k
1k
l
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Trigger levels? (10.10)

!

| 10k 1k 52> =57
5V | 1k = oV + 1305 3
. 2 - 5V C) -? Voltage
<> =+ T divider.
“‘h | LS ‘ L. 1K 1K
| Tov

10k T
>V 1KD qui N oV 1k p Voltage

+<> 1+ ” : I 5V+<> ‘_L_@ divider.
1kg — 72 1 @
1k 5
. 1+ 05
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5V

RC-oscillator (10.10)

+5V

i }

1k

150n
1kg —_

WIiN

Wl

GND —

The comparator charges the capacitor to the upgeget level, then

It turns the output on and discharges the capatattre lower trigger

level. The frequency of the output of the compardapends on the

productR-C. SinceC is constant so will th& controls the frequency.
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RC-osclllator frequency (10.10)

L =1,
R=5kQ i
wjﬁ e ‘> : \\
{:)ﬂ*m 150n | et L 2;_____\\:_ _’".'i__.__ ___.\_\:“_‘-_-L;'i_ |
T s 43 &
r =RIC =510°15010"° = 07510°°
_1
t, =71 [Iha—II = 0,75010° On >=305_ 075M10°n2=52ms
rest 3
3 1 1
t,=t, T=20 =25200°=104ms f === =962Hz

T 104007

The supply voltage 5V went shorten away. The fraques thus
Independent of changes in the supply voltage!
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Inductor connection and disconnection (10.8)

E is a DC source. At the tinte 100 Q2
the switch is closed. 2

F

£

_|_
10\/() 1H 100 O
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Inductor connection and disconnection (10.8)

Eis a DC source. At the tinte
the switch is closed.

E
a) How large is the current
. . 10V

through the coll in the first

moment?

100 Q tra,

C

)

0

1H
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Inductor connection and disconnection (10.8)

Eis a DC source. At the tinte

the switch is closed.

a) How large is the current
through the coll in the first
moment?

E
10V

100 Q tra,

C

)

0

1H

100 Q

Answer: The inductor has has "current inertia”. The faredment () the
current will be the "same’ = 0.
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Inductor connection and disconnection (10.8)

100 O ¢

b) How large is the current £

through the inductor aftera =
10V<>

long time interval?

2>
S

1H
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Inductor connection and disconnection (10.8)

100 O ¢

b) How large is the current £

through the inductor aftera =
10V<>

long time interval?

2>
S

1H

<@Q
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Inductor connection and disconnection (10.8)

b) How large is the current
through the inductor after a
long time interval?

100 O ¢

2>
S

E +
10V<

)

£

1H

[

;

u =

~

]

I~

<@Q

Answer . After a long time, the changes have faded awhg. violtage across
the inductor (is due to changes) then is 0, thaatuat is "shorting" the 10Q
parallel resistor. The 10Q series resistor limits the current from the voltage

sourcel = 10Vv/10@ =0,1 A.
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Inductor connection and disconnection (10.8)

100 Q
2>
ys
b) How large is the current £ £ T% u =0
through the inductor aftera = ]
long time interval? 10V 1H //@Q

Answer ;. After a long time, the changes have;w
faded away. The voltage across the inductor =
(is due to changes) then is 0O, the inductor is =
"shorting" the 10@2 parallel resistor. The 100
Q series resistor limits the current from the ;
voltage sourcd.= 10Vv/10@2 = 0,1 A.

0
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Inductor connection and disconnection (10.8)

100 O
c) Later at time, the switch |

IS opened.

E +
Now set up an expression of
: 10V
current through the coil as a
function of timet for the time

£

1H

aftert,. Let t, be a new
starting timet =t, = 0.
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Inductor connection and disconnection (10.8)

Before switch opening
100 t,<t<t,

0,1
"; - B 0.1A Without
E 4 10V n current
100 Q
10v< TH Y oy
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Inductor connection and disconnection (10.8)

After switch opening

Before switch opening

01 1000 ti<t<t,
- I ®
I 0,1A
E 4+ 10V N
10v< TH Y oy
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Without
current

100 Q

b, <t
.
Iy
_|_
100 Q
1H
Un




Inductor connection and disconnection (10.8)

Before switch opening After switch opening
0,1A1OOQ t,<t<t, t, <t
"; - " 0.1A Without -~ Z
= 10V N current -

Y +
1ov<> 1H —ovV 100 Q 1H JROOQ

After t, the current starts from the "same value” 0,1i4)(as before the
switch opening, and then the current will decress&n to O (., ).
Time constant will be =L/R=1/100 = 0,01 s.
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Inductor connection and disconnection (10.8)

Before switch opening After switch opening
0,1A1OOQ t,<t<t, t, <t
"; - " 0.1A Without -~ Z
= 10V N current -

Y +
1ov<> 1H —ovV 100 Q 1H JROOQ

After t, the current starts from the "same value” 0,1i4)(as before the
switch opening, and then the current will decress&n to O (., ).
Time constant will be =L/R=1/100 = 0,01 s.

t

Quick formula:  x(t) = x, = (X, - x,)e ’

ILOO\I/ iLOO\J/ILO t t

iL (t) =0- (O_ 0,1) @_m = iL (t) = Ol@_m — 0,1@—100]]
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Inductor connection and disconnection (10.8)

Before switch opening After switch opening
0,1A1OOQ t,<t<t, t, <t
"; - " 0.1A Without -~ Z
= 10V current -

+ + n
1ov<> 1H —ovV 100 Q 1H JROOQ

After t, the current starts from the "same value” 0,1i4)(as before the
switch opening, and then the current will decress&n to O (., ).
Time constant will be =L/R=1/100 = 0,01 s.

t

Snabbformeln: x(t) = x, —(x, = X,)e 20

[%] © 7

40 |
t

I, (t)=0-(0-01 @ %91 EI: 0,1@_701 H 010

60 |

80 |

100 °
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Inductor connection and disconnection (10.8)

. t.<t

When the voltage source 10 V is 2
disconnected, the current is driven by the i
inductor. The voltage drop over the 1Q0 +
resistorUy, at firstis -100-0,1 = -10 V. The 1H 100 Q

. . bR
minus sign comes from the fact that the
current is entering the resistor in the part of * -

the resistor we defined negative. X
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Inductor connection and disconnection (10.8)

. t.<t

When the voltage source 10 V is 2
disconnected, the current is driven by the i
inductor. The voltage drop over the 1Q0 +
resistorUy, at first iS©3100:-0,1 = -10 V. The 1H 100

. . bR
minus sign comes from the fact that the
current is entering the resistor in the part of -

the resistor we defined negative. X
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Inductor connection and disconnection

When the voltage source 10 V is

disconnected, the current is driven by the
inductor. The voltage drop over the 1Q0

(10.8)
t,<t
L lL
_|_
| H 1000
R

resistorUg at firstis -100-0,1 = -10 V. The
minus sign comes from the fact that the
current is entering the resistor in the part of

the resistor we defined negative.

» Suppose the resistor is 1000 Thenu, at
first moment had been -100 V!
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Inductor connection and disconnection

When the voltage source 10 V is

disconnected, the current is driven by the
inductor. The voltage drop over the 1Q0

(10.8)
t,<t
L lL
_|_
| H 1000
R

resistorUg at firstis -100-0,1 = -10 V. The
minus sign comes from the fact that the
current is entering the resistor in the part of

the resistor we defined negative.

» Suppose the resistor is 1000 Thenu, at
first moment had been -100 V!

e Suppose the resistor is 100QGhen the
voltage had been -1000V !
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Inductor connection and disconnection (10.8)

When the voltage source 10 V is t/2< :

disconnected, the current is driven by the i

inductor. The voltage drop over the 1Q0 +

resistorUy, at firstis -100-0,1 = -10 V. The 1H 100 Q
. . U

minus sign comes from the fact that the R

current is entering the resistor in the part of * -

the resistor we defined negative.
» Suppose the resistor is 1000 Thenu, at
first moment had been -100 V!

e Suppose the resistor is 100QGhen the
voltage had been -1000V !

* When the circuit is broken the inductor tries teék” the current, until all
the magnetic energy has been consumed. If youtbmitesistor from the
circuit, ie,R = o there will be a very high voltage.
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Ex. To break the current to a coll
will produce a high voltage

Spark.
plug

“Coil”

Output

Terminal lanition switch

— Prima
Tennlnrgl

Primary —
Tenninrgl _

12w

i

—— Secondary -

i Chassis

— ground
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