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2 ERLCZHRLAY1st and 2"d-Order Circuits

m YN #ERlst or 2d-order?
B 8, (s)/vi(s)EHR - BESD
B} Ry EX
m oAy, (s)/v(s)FEIREZ
Bydifferential equation

vi(t) @ R v, (t)
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Example

B RLC impedances in Laplace
Transform:

1 W—

R,— and sL

.
sC v () R = V(!
m EHPEIT D B _
Vols)_ R (Istorder) = ~
vi(s) Ls+R

B The original differential eqn.
therefore is:

sL-v,(s)+R-v,(s)=R-v;(s)
LLT.= Lv,(t)+Rv,(t)=Rv;(t)
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Step Response of 1st-Order RC Circuit

B Given a unit-step input v;(t), assume v (0) = O:

M

R + vi(s) 1 Vy(S)
vi(t) (o C ==v,(t) j : :
<> Ts+1

i —1_ T = RC, time constant

Vols) _ 1
vi(s) RCs+1

1 1 1 RC 1 1
=V, () = g

"RCs+ls s RCs+l s s+(L/RC)
_t
Solve vo(t):{l—e RC}-u(t)
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Cont’d

B Fort=T (T =RCQC), the
response reaches 63% of
the steady state

B The erroris around 0.7%
aftert = 5T
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Step Response: R and C Interchanged

B Given a step input vi(t), assume v_(0) = O:

C ; Vo(t)

vi(t) @ R v, (1)

Vo(s) RCs t
vi(s) RCs+1

RCs 1 RC 1
=V, (s)

"RCs+ls RCs+l s+(L/RC)
t

Solve v, (t)=e RC
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2nd-Order RLC Circuit

m By KVL:

i R L
Vi:iR+Lﬂ+vO ’V\/—’O’D'U\—

dt +
m Substituting i = C.dv_/dt gives: vi(t) —a C = V(1)

2
d \2°+RC%+VO=vi =i =
dt dt

m By Laplace transform (assume v,(0) = v,’(0)= 0):

LC

1
() 1c

Vi(s) 32+Rs_|_1
LC
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Introducing Damping Ratio and Natural
Frequency

B AERSW P & 4HIstep response - the transfer function is re-written as:

1
Vo(S): LC _ CO%
vi(s) 52 +RS+L1C 5% + 26,5 + W2
where con:i(natural frequency) and Q:B- 1 R
JLC L 20, 2VL

B & damping ratio, dimensionless ( #REEfiI ) ; AR A PEESRIER
B £ <1 underdamped, producing two complex roots
m ¢ =1, critically damped, producing two repeated real roots
m ¢ > 1, overdamped, producing two distinct real roots
B __[&Z4RH9step responsefEdamping ratio/NR 1 ERIREITH
B The roots of the denominator for ¢ < 1 are:

S12 = -, £ Jo, Vl_iz
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Step Responses of the 2"d-Order Circuit

B The output grows exponentially without oscillation for > 1
mEE : E<1AIARE - £ =0 likEAE R (due to no energy loss)
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Example: Underdamped Step Response

B Given v;(t) is a unit step, and i R L
v,(s) 100 — A\, SYP—
vi(s) s?+10s+100 :
B First: o, = 10, and £ = 0.5 vi(D) @ C ——
B To solve: _
100 —1_ —1_
VAS)=— r— —_—
o(5) s s° +10s+100
1 s+10 vo(t)z(l—e5t c:os.5\/§t—%e5t sin 5v/3t |-u(t)
s s2+10s+100 ¢
_1_ S+5 5
S (s+5) (S\f)z (s+5) (S\f)2
1 5+5 1 5V3

S (457 +(5v3f V3 (s+5) +(6v3f
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Underdamped Step Response

- 2
m Two complex poles: S12 =—Cwp £ Jo,y1-¢

o
B OlEAR—ELT (AEE—EES - BAERENYBEERERRE)
Vo(D
Vo (t)=1-€"""| cos gt + 5 sin wgyt AT 4 50!
0() [ g @ Wg ] e |

OF =(an/1—§2 damped natural frequency ,>.
1 e“["n'

. 1 TR
Time constant: 1= VL
&m
1-,/1_201( T Lr 27 37 ar 7
-t
t= 11§2 % —COS—1c)
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Unit-Step Response Specifications ( #i1§ ) for
Underdamped Case

B ERMRE - ERZEERETRMAAFNV(L)

Allowable tolerance

e e = = -

° I
] t:rise time, v (t) =1 \
, M,: (percentage) overshoot, iz Ktk E
~ y 71 |t settling time
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Rise Time t,

B Rise time t, occurs at output v (t) = 1:

Vo(t,)=1=1—e"5nr| cosmyt, +

o

g
_gz

sin (x)d'[r

\

af —y1-87 |

&<

tan

S

St=
My

m 20 tan‘l(—l):%n
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Peak Time t, and Maximum Overshoot Mp

B t, occurs at the first peak of v(t):

m So:

dv, )]
dt |,
7T
Sl =—
p a)d

Vo(t) |

1

Allowable tolerance

0.5

M, :vo(tp)—lze[

F

1—
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Overshoot M, vs. Damping Ratio &
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Vo(S) 2

v.(s) s°+2cm,5+ )}

M, Maximum overshoot
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Some Skills with the Oscilloscope:
Averaging

B Purpose: to reduce noise and smooth the measured waveforms
(REETRERBE - RN KAER )

1. Press “Acquire”

- Tektronix TDS 200215575 ..
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Some Skills with the Oscilloscope: Cursor

lFMmmeFm_ﬁﬁxgﬂﬁﬁ¢ﬁm%ﬁﬁMhﬁFE S B2 = (4
MR R 4CigiR A2 BD)

1. Press “Cursor”

= 2 ﬁ?%—[—gﬂ:u ” EéJs—‘:ZS”
S

3. Ait= ﬁi‘ﬂ%@
ZER—E |
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