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General Solution: Particular Integral + Complementary Function

Particular Integral: Any solution to RC% +y=x
If x(t) is piecewise constant or sinusoidal, we will use
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Complementary Function: Solution to RC% +y=0
Does not depend on x(t), only on the circuit.
Solution is y(t) = Ae™""
where 7 = R(C is the time constant of the circuit.

The amplitude, A, is determined by the initial conditions at ¢ = 0.
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To find A, use capacitor property: o .
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y(0+) =4+ Aandy(0—)=1=4+A=1= A= -3

So transient: y7,-(t) = —3e~"/7 and total y(t) = 4 — 3e ="~

Transient amplitude <= capacitor voltage continuity: vo(0+) = v (0—)
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® Step Input

® Negative exponentials

® Exponential Time Delays
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® Linearity
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Continuity

® Summary
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Negative exponentials

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

Positive exponentials grow to 400
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2e~t e 4 —2e7Y?

10 € 3e”

-10 \_281/;

0 1 2 3 4 5
t
2
2e’
e-l/AI
0
20
_2 n
0 2 4 6 8

: E1.1 Analysis of Circuits (2017-10110)

Transients (A): 15-5/11 :



-1
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Negative exponentials

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

Positive exponentials grow to 400
et 3e'/* —2e"/

Negative exponentials decay to O:
2e~t e 4 —2e7Y?

Transients are negative exponentials.
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Negative exponentials

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

Positive exponentials grow to £00:
et 3e'/* —2e"/

Negative exponentials decay to O:
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Transients are negative exponentials.
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Negative exponentials

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

Positive exponentials grow to £00:
et 3e'/* —2e"/

Negative exponentials decay to O:
2e~t e 4 —2e7Y?

Transients are negative exponentials.

Decay rate of ¢~ /¢
37% after 1 time constant
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Negative exponentials

e Differential Equation

® Piecewise steady state
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® Step Input
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® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

Positive exponentials grow to £00:
et 3e'/* —2e"/

Negative exponentials decay to O:
2e~t e 4 —2e7Y?

Transients are negative exponentials.
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Negative exponentials

e Differential Equation

® Piecewise steady state
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® Step Input
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® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

Positive exponentials grow to £00:
et 3e'/* —2e"/

Negative exponentials decay to O:
2e~t e 4 —2e7Y?

Transients are negative exponentials.

Decay rate of ¢~ /¢
37% after 1 time constant
5% after 3, <1% after 5
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15: Transients (4) Positive exponentials grow to 400 t
e Differential Equation " " 10 € 3™
® Piecewise steady state et 36 /4 —26 /2
inputs ’ ’ 0
® Step Input "
® Negative exponentials -10 2e”
® Exponential Time Delays 0 l 2 3 4 5
@ Inductor Transients . . t
o Linearity Negative exponentials decay to 0: 2 et
@ Transient Amplitude —t —t/4 —t/9 i
® Capacitor Voltage 26 Y € / Y _26 / 0 et
coninuy Transients are negative exponentials.
® Summary 2e
2 2 4 6 8
t
—t/a 1
Decay rate of e
37% after 1 time constant o5
: 0.37
5% after 3, <1% after 5 .
: 0.01
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t
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Gradient of e~ 7/° !
Gradient at ¢ hits zero at ¢ + a. o5
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15: Transients (4) Positive exponentials grow to 400 t
e Differential Equation " " 10 € 3™
® Piecewise steady state et 36 /4 —26 /2
inputs ’ ’ 0
® Step Input "
® Negative exponentials -10 2e”
® Exponential Time Delays 0 l 2 3 4 5
@ Inductor Transients . . t
o Linearity Negative exponentials decay to 0: 2 et
@ Transient Amplitude —t —t/4 —t/9 i
® Capacitor Voltage 26 Y € / Y _26 / 0 et
coninuy Transients are negative exponentials.
® Summary 2e
2 2 4 6 8
t
—t/a 1
Decay rate of e
37% after 1 time constant o5
: 0.37
5% after 3, <1% after 5 .
: 0.01
0 a 2a 3a 4a 5a
t
. =%
Gradient of e~ 7/° !
Gradient at ¢ hits zero at ¢ + a. o5
True for any t.
0 a 2la 3a
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Exponential Time Delays

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

® Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

Negative exponential with a final
value of F'.

y(t) = F + (A= F)e -2

: E1.1 Analysis of Circuits (2017-10110)

Transients (A): 15-6/11 :



-1
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Exponential Time Delays

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

® Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

Negative exponential with a final
value of F'.

y(t) = F + (A= F)e -2

How long does it take to go from A to B ?
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Exponential Time Delays

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

® Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

Negative exponential with a final

value of F'. A
y(t) = F + (A— F)e )/ ;i
TA

How long does it take to go from A to B ?

y(Tg) =B =F+ (A— F)e (T37T4)/r
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Exponential Time Delays

e Differential Equation

® Piecewise steady state
inputs

@ Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

® Transient Amplitude

® Capacitor Voltage
Continuity

® Summary

Negative exponential with a final

value of F'. A
y(t) = F + (A— F)e )/ ;i
TA

How long does it take to go from A to B ?

y(Tg) =B =F+ (A— F)e (T37T4)/r
L= p— 6_(TB_TA)/T
A—F
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Exponential Time Delays

e Differential Equation

® Piecewise steady state
inputs

@ Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

® Transient Amplitude

® Capacitor Voltage
Continuity

® Summary

Negative exponential with a final

value of I )
y(t) = F + (A — F)e 77a)/7 ;BF
TA TB
t
How long does it take to go from A to B ?
y(Tg) =B =F+ (A— F)e (T37T4)/r
M f— 6_(TB_TA)/T
A—F

_ _ A-F\ _ initial distance to F
s g =10 =7 ln (B—F) =7l ( final distance to F )

: E1.1 Analysis of Circuits (2017-10110)

Transients (A): 15-6/11 :



-1

15: Transients (A)

Exponential Time Delays

e Differential Equation

® Piecewise steady state
inputs

@ Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

® Transient Amplitude

® Capacitor Voltage
Continuity

® Summary

Negative exponential with a final
value of F'.

y(t) = F + (A — F)e T/

How long does it take to go from A to B ?

Att = Tg:

y(Tg) =B =F+ (A— F)e (T37T4)/r

B—F _ ~(Ts—Ta)/r
A—F

B—F

final distance to F

Hence Ty — T4 = 71n (A—F) _ 1n (initial distance tOF)

Useful formula - worth remembering.
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15: Transients (A)

Inductor Transients

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

We know 1 =

r—y
R

() K 0
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15: Transients (A)

Inductor Transients

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

We know 7 =
y(t) = LE

r—y
R

() K 0
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Inductor Transients

15: Transients (A)

e Differential Equation We know 1 =

R
® Piecewise steady state . o x(l‘) y(l.)
inpits v y(t) — L% — X d(xdt y) —_— 7

® Step Input .
® Negative exponentials l(t) L
® Exponential Time Delays

® Inductor Transients

‘ 8
|
N

vl [

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary
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Inductor Transients

15: Transients (A) . xr—

) D.ifferen_tial Equation We knOW 1 = Ry X(t) R
-o Piecewise steady state t o L @ - £ d( ZE—y) o £ d_CB @
nputs y( )  dt R X dt R dt dt
® Step Input .

® Negative exponentials l(t) L
® Exponential Time Delays

® Inductor Transients

|

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary
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15: Transients (A)

Inductor Transients

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

We know 1 = =—=<

y(t) = Lo =

X

= Ldv 4y =

R dt

R
L
R

x(t) B
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Inductor Transients

15: Transients (A) T

Ty
e Differential Equation We knOW 1 = —FJ=

® Piecewise steady state

R
inputs y(t) — L@ — % X d(ﬂj—y) —
d

@ Step Input L d T,
® Negative exponentials i E d—l’;{ + y p— E _t

® Exponential Time Delays
@ Inductor Transients

® Linearity

() K 0

® Transient Amplitude Solution: Particular Integral + Complementary Function

® Capacitor Voltage
Continuity

® Summary
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Inductor Transients

15: Transients (A)

—Yy
e Differential Equation We knOW Z _ R
-o Piecewise steady state o di L d(ﬂ?—y) o
inputs y(t) p— L% — E X —dt
® Step Input L dy da:

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude

® Capacitor Voltage
Continuity

o Summary Particular Integral: Any solution to =

() K 0

Solution: Particular Integral + Complementary Function

: E1.1 Analysis of Circuits (2017-10110)

Transients (A): 15-7/11 :



-1

Inductor Transients

15: Transients (A)

—Yy
e Differential Equation We knOW Z _ R
-o Piecewise steady state o di L d(ﬂ?—y) o
inputs y(t) p— L% — E X —dt
® Step Input L dy da:

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude

® Capacitor Voltage
Continuity

o Summary Particular Integral: Any solution to =

() K 0

Solution: Particular Integral + Complementary Function

If x(t) is piecewise constant or smusoidal, we will use
nodal/phasor analysis to find the steady state solution, ygg(t).
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Inductor Transients

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

We know 1 = £=¥¢
R () —E - 30
_rdi L d(z—y) L d L dy AT
y@—Lﬁ—Ez & —nat T4

Solution: Particular Integral + Complementary Function

L dy L dz
Particular Integral: Any solution to Bar TY= Bar

If x(t) is piecewise constant or sinusoidal, we will use
nodal/phasor analysis to find the steady state solution, ygg(t).

Complementary Function: Solution to ]L%Zi{ +y=0
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Inductor Transients

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

Weknowz—Ty
_ di L
y(t) =L& =5
L dy _ Ldz
Tat TY= Ra

Solution: Particular Integral + Complementary Function

L dy L dz
Particular Integral: Any solution to Bar TY= Bar

If x(t) is piecewise constant or sinusoidal, we will use

x(®) |

nodal/phasor analysis to find the steady state solution, ygg(t).

Complementary Function: Solution to ]L%Zi{ +y=0

Does not depend on z(t), only on the circuit.
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15: Transients (A)

Inductor Transients

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

Weknowz—Ty
_ di L
y(t) =L& =5
L dy _ Ldz
Tat TY= Ra

Solution: Particular Integral + Complementary Function

L dy L dz
Particular Integral: Any solution to Bar TY= Bar

If x(t) is piecewise constant or sinusoidal, we will use

x(®) |

nodal/phasor analysis to find the steady state solution, ygg(t).

Complementary Function: Solution to ]L%Zi{ +y=0
Does not depend on z(t), only on the circuit.
Solution is yr, (t) = Ae™""

where 7 = % IS the time constant of the circuit.
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15: Transients (A)

Inductor Transients

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

We know i = =24 R

y(t) = A

L dy _ Ldx
Tat TY= Ra

R
— 7,9 _ L
Lg% ==

Solution: Particular Integral + Complementary Function

L dy L dx
Particular Integral: Any solution to Bar T y =
If x(t) is piecewise constant or sinusoidal, we will use

nodal/phasor analysis to find the steady state solution, ygg(t).

Complementary Function: Solution to ]L%Zi{ +y=0
Does not depend on z(t), only on the circuit.
Solution is yr, (t) = Ae™""

where 7 = % IS the time constant of the circuit.

1st order transient is always y,-(t) = Ae="" where T = RC or %
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15: Transients (A)

Inductor Transients

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

We know 7 = %
y(t) = L= % x T =
Ld
R

L dy
= Rat TY=

() K 0

Solution: Particular Integral + Complementary Function

Ld
Particular Integral: Any solution to 5 d:g +y =

If x(t) is piecewise constant or sinusoidal, we will use
nodal/phasor analysis to find the steady state solution, ygg(t).

Complementary Function: Solution to L dy +y=0

R dt

Does not depend on z(t), only on the circuit.

Solution is yr, (t) = Ae™""

)
L
where 7 = 5

1st order transient is always y7- ()

IS the time constant of the circuit.

— Ae~ /" where 7 = RC or %

Amplitude A < no abrupt change in capacitor voltage or inductor current.
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Linearity

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

1st order circuit has only one C or L.

(1)

6R

v =20
L

SR —fC
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15: Transients (A)

Linearity

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

1st order circuit has only one C or L.
Make a Thévenin equivalent of the network
connected to the terminals of C.

(1)

6R

AR 2R
L

SR —fC
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15: Transients (A)

Linearity

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

1st order circuit has only one C or L.

Make a Thévenin equivalent of the network
connected to the terminals of C'. Remember
x 1S a voltage source but v is not.

(1)

AR 2R
L
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15: Transients (A)

Linearity

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

1st order circuit has only one C or L.

Make a Thévenin equivalent of the network
connected to the terminals of C'. Remember
x 1S a voltage source but v is not.

6R
—
X0 | AR v 2RO
SR :fC
2 v
€ Wiy 7€
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15: Transients (A)

Linearity

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

1st order circuit has only one C or L.

6R

Make a Thévenin equivalent of the network X0 | AR W 2R )

. I . L

connected to the terminals of C'. Remember x| | ==

x 1S a voltage source but v is not. i

Now v(t) = vgg(t) + vy (t)

— 7 =
= vss(t) + Ae™” 2R 1)

C NMywy —TC€
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15: Transients (A)

Linearity

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

1st order circuit has only one C or L.

Make a Thévenin equivalent of the network
connected to the terminals of C'. Remember
x 1S a voltage source but v is not.

Now v(t) = vgg(t) + vy (t)
= ’Uss(t) + Ae YT
Time constant is 7 = R, C
where Ry, is the Thévenin resistance.

6R
—
X0 | AR v 2RO
SR :fC
2 v
€ Wiy 7€
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15: Transients (A)

Linearity

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

1st order circuit has only one C or L.

Make a Thévenin equivalent of the network
connected to the terminals of C'. Remember
x 1S a voltage source but v is not.

Now v(t) = vgg(t) + vy (t)
= Uss(t) + Ae '/
Time constant is 7 = R, C
where Ry, is the Thévenin resistance.

Replace the capacitor with a voltage source
v(t); all voltages and currents in the circuit
will remain unchanged.

(1)

¥

M0 =R

ELC]

8R (1)

: E1.1 Analysis of Circuits (2017-10110)

Transients (A): 15-8/11 :



-1

15: Transients (A)

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

@ Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

Linearity
1st order circuit has only one C' or L. 6R
Make a Thévenin equivalent of the network X0 | AR W 2R )
. L L
connected to the terminals of C'. Remember x| | ==
x 1S a voltage source but v is not. i

Now v(t) = vgg(t) + vy (t)
= Uss(t) + Ae '/

2R v
Time constant is 7 = R, C
where Ry, is the Thévenin resistance. ¢ () €
Replace the capacitor with a voltage source %
v(t); all voltages and currents in the circuit 0y 0
will remain unchanged. 8R w(0)

Linearity: y = ax + bv = ax + bvggs + bup,
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15: Transients (A)

Linearity

e Differential Equation
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® Exponential Time Delays
@ Inductor Transients

® Linearity

® Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

Find Steady State (DC = ZC = 00)
TR T 8R + = 2R =0
KCL@Y: o =0

_ 3 - 13
Uss = Zx’ Yss = 16

Capacitor Voltage Continuity
’USS(O—) =-3= ’U(O—|—) = —3

Att=0+:xz=4andv = —3
KCL@Y: &=228) p ud —

J(04) = =24 — 3
Time Constant
7 = R, C = 2RC (from earlier slide)

Result

y = yss + (y (04+) — yss (04+)) e 7
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15: Transients (A)

Summary

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

® Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

1st order circuits: include one C' or one L.

o w¢ or iy, never change abruptly. The output, v, is not necessarily

continuous unless it equals v.
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15: Transients (A)

e Differential Equation

e 1st order circuits: include one C or one L.

@ Plecewise steady stae o w¢ or iy, never change abruptly. The output, v, is not necessarily
inputs
o Step Input continuous unless it equals v.

® Negative exponentials

® Exponential Time Delays

e Circuit time constant: 7 = Ry, C or ==—

@ Inductor Transients RTh

otneay o Ry, is the Thévenin resistance seen by C' or L.
® Transient Amplitude

O CEp Bl o Same T for all voltages and currents.

Continuity

® Summary
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15: Transients (A)

Summary

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

® Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

e 1st order circuits: include one C or one L.

o w¢ or iy, never change abruptly. The output, v, is not necessarily

continuous unless it equals v.

e Circuit time constant: 7 = R7,C or —R{l:h

o Ry, is the Thévenin resistance seen by C' or L.
o Same T for all voltages and currents.

e Output = Steady State + Transient

o Steady State: use nodal/Phasor analysis when input is piecewise
constant or piecewise sinusoidal. The steady state has the same

frequency as the input signal.
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15: Transients (A)

Summary

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

® Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

e 1st order circuits: include one C' or one L.
o w¢ or iy, never change abruptly. The output, v, is not necessarily
continuous unless it equals v.

e Circuit time constant: 7 = R7,C or —R{l:h

o Ry, is the Thévenin resistance seen by C' or L.
o Same T for all voltages and currents.

e Output = Steady State + Transient
o Steady State: use nodal/Phasor analysis when input is piecewise
constant or piecewise sinusoidal. The steady state has the same

frequency as the input signal.

o Transient: Find ve(0—) or iz (0—): unchanged at t = 0+
Find y(0+) assuming source of v (0+) or i1, (0+)
Amplitude never complex, never depends on ¢.
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Summary

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

® Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

e 1st order circuits: include one C' or one L.
o w¢ or iy, never change abruptly. The output, v, is not necessarily

continuous unless it equals v.

e Circuit time constant: 7 = Ry, C or ==—

o Ry, is the Thévenin resistance seen by C' or L.

©)

Ry,

Same 7 for all voltages and currents.

e Output = Steady State + Transient
Steady State: use nodal/Phasor analysis when input is piecewise
constant or piecewise sinusoidal. The steady state has the same

©)

frequency as the input signal.

Transient: Find vo(0—) or ¢, (0—): unchanged at t = 0+
Find y(0+) assuming source of v (0+) or i1, (0+)
Amplitude never complex, never depends on ¢.

y(t) = yss(t) + (Y(0+) — yss(0+)) e "
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Summary

e Differential Equation

® Piecewise steady state
inputs

® Step Input

® Negative exponentials

® Exponential Time Delays
@ Inductor Transients

® Linearity

® Transient Amplitude
® Capacitor Voltage
Continuity

® Summary

e 1st order circuits: include one C' or one L.
o w¢ or iy, never change abruptly. The output, v, is not necessarily

continuous unless it equals v.

e Circuit time constant: 7 = Ry, C or ==—

@)

©)

Rrn
Ry, is the Thévenin resistance seen by C' or L.
Same 7 for all voltages and currents.

e Output = Steady State + Transient

©)

Steady State: use nodal/Phasor analysis when input is piecewise
constant or piecewise sinusoidal. The steady state has the same
frequency as the input signal.

Transient: Find vo(0—) or ¢, (0—): unchanged at t = 0+
Find y(0+) assuming source of v (0+) or i1, (0+)
Amplitude never complex, never depends on ¢.

y(t) = yss(t) + (y(0+) — yss(0+)) e
See Hayt Ch 8 or Irwin Ch 7.
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