Lab 2: Time-Domain Responses of 1*- and 4 i
BT “ 21§ 4%]:  Names and ID Numbers: %

Objectives :

. -Order Circuits (2 Weeks)

boCll2h

(1) Validate conclusions regarding the behavior of capacitors in a steady-state dc network.

(2) Validate the behaviors of the 1¥-order RC circuits.
(3) Design and implement a RLC circuit with the desired specifications.

Eaquipment Required _
b lonak‘q""laf‘ ’7‘?4,(
Resistors: 1 5 1 kQ. 20 kQ ? /VL

Capacnor’saﬁ uE, 2 2 ﬁtlZ 100 pF

Instruments: Multimeter, Oscilloscope, function generator, and dc power supply.

IE CHETREES A FEM ) FoMFEA
Procedure : X
Part 1: Basic Series R-C Circuit

measured ™

!

Figure 1-1

-

(a) Construct the network as shown in Fig. 1-1. Insert the meaSured resistance value. Be sure to note

polarity on electrolytic capacitor as shown in the figure.

T 5T

(b) Show your calculation of the steady-state valug/{defined by a period of time greater than five time

constants) of the current 7 and the voltages V; and V>.

Calculation: - ’
g Vl 5 V.,C/{ = ]OC 5:-' N 'Dé'“— V

[(FC) = 1a%¢

=T,




I= :‘ff.fﬂﬁ/’{/% LV = Dxb(aq“lLV cand V) = i%}é\/ :

: are with
(c) Measure the steady-state voltages ¥; and V> and calculate the current from Ohm'’s law. Comp

results from part 1(b). / |
(VI = O\ DDJ-Z § ,l/Vg = 1, 7‘?}7/ ,and [= Os ,AH }(A

Comment: l # 0 0058 _‘:@\'L"‘ ).»ﬁ P LP& ontﬂJ (5\3' m );A) 'f\‘ ,ﬁﬁ/lz

Ve
b / (—b‘b)i 51}) |

(d) Calculate the energy stored in the capacitor.

Calculation:

3 -3
g J___ 0\/; 4 ;'__,x 93X /0_.X Gﬁgg) - 4\ 678 X/D J

L :
. T

\/(e) Caretully disconnect the supply and quickly measure the voltage across the disconnected capacitor.

Please describe what you observe in the reading and explain why.

?‘o%:‘ 19V — 1.3V = 19V Y SR 1V - 4 s 30 2 0 l/
4 -

(L | - _.[.-r\/(,(t ):O
¢, ' fe

| ' ' time. 7 @) St Wiy
(f) Short the capacitor by connecting a wire to both terminals and then measute V¢ again. What happens
after this step?

VC/’:D Mt[ &"C\/(/ = 62""' O . a.FvLD{"Dor }'5 cl/lg&}(afﬂec/ JU‘-?/

Comment:

J

1% short iy it




Figure 2-1

\/(a) Construct the RC circuit of Fig. 2-1. Measure the resistance and capacitance values. Use the

function generator to produce the mnput [ square waveform Vv;
maximum value at 1 V. Check the input waveform on a oscilloscope before you connect it t0 the circuit.

r= |l Ka .c= LAt

(b) Calculate the RC time constant T using the measured resistance.

Calculation: R (,/ ’ 0}"] X ,U‘)

T = ,xQ}‘]XIUf}
T R L

(¢) Write down the output response vo(?) driven by a unit-step input v,(f) (which is replaced by a square

waveform in Fig. 2-1). Calculate the output in percentage of the final Value in 1, 27, 31, 41, and 57. r,

Q_a_lgili@_g: V(_-E>: (I 6"’) =042 Vg(‘]'t) \ )Cl 6,4) *—-D 8)'
(20 ): i P cdes v v, (5T) il 6"5) 0.9933

- = 1592
Vo (31) = Ep f/}) {1

vo(?) = _b. ‘7', %0 vi(1), vo(27) = e ﬂ % vi(t), vo(37) = 02 Yo vi(B); vo(47) = ? ’y %o vl(t)

Vo(S7) = i i }_ % vi()

P | :
(d) Based on the time constant, determine a propef input frequency f; that would allow you to clearly

observe the transient and steady-state responses of the output waveform. Comment on how you pick the
frequency.

Y- WOl 'ﬂ Hz
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Table 2-1

(f) Plot one period of the output response (charging and discharging) on Graph 2-1. Label the voltage

and time at 63.2% of the steady-state value when charging the capacitor, and the voltage and the time at
36.8% of the steady-state value when discharging the capacitor. You must|label the unit of time pn the x

axis. Calculate the capacitance value based on the measured time constant and the measured resistor
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Graph 2-2
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and minimum _voltage values. Comment on if the

waveform on Graph 2-2, and label the me
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voltage levels are reasonable based on your analysis.
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Analysis & Comment:




| o x Wit a minimum valué atv v alith € : :
W avdmm Vl(t) Make e the waveform peno d o

an oscilloscope before you connect it to the circuit. Make sure the wavelorm PFPPZ — 7~
complete response. T = K ‘. > T 1

— -
i — e

Figure 2-2

\/(i) Display the input and output signals on an oscilloscope. Record as many data points as possible of

the output waveform in one period and insert them 1n Table 2-2.

Table 2-2

Time (sec) |
| 4
B
o2 [ 0y N o

A oy e O

Vo(?) (V)

Time (sec)
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(J) Plot one period of the output response on Graph 2-3 and label the curve. Label the voltage and time

at 36.8% of the maximum input value. You must/label the unit of t. Do you think the

measured waveform is correct? Is it accurate based on the measured resistance and capacitance values?
Comment accordingly.

. 5 -J 3
_C_O_Ill_l'.[l__ei_ll: _C= /(C/ - ,005\i 7( ,'\O x,U LS oy O ‘]
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Part 3: Ste T ———TCTT -
(a) Construct the RC circuit of Fig. 3-1. Derive t

values of R;, C1, R2, and C2 as shown.

R, = 1KkO

C,=
;£ Ps‘LgC | Figure 3-1
T ™ T8
Analysis:
R
R, 11 }mm ”Ql v‘Ul‘fL CI > 4 SR C 1
B o et wit G B R,
: r H‘SR: C’l
|
¥ i Ui (t) (* &
. | Rs (TSR L{)
X

5|001’5'~’5 e T e s ] : .
=i, Tals tloe+1L 325 S v Rl




. 'qua waveform vi(t) with a minimum value at OV ’nd a maXimum value at 1 V. Check the mnput
e e e ff—i_-ul*:-_:-":"" e _‘r:'. —— “__"'_' - 2 J‘& - o . : c : f V. t
waveform on a oscilloscope before you connect it to the circuit. What the input frequency fi of vi(t)

that you pick? Why?

Ryp= _{\ le‘ffl\ P-Q/ § e, = x")aﬂle: ity = 9'03 IZQJ , e )J’D‘}'

' — = -

= 30 $?C  Hz
Comment on the choice of fii RlAL 5 T8 5

A s g ,
RC =368 .75 | P!‘”",@, > 7,51 ’“ﬁ =-7 ‘-F' 3 56\85 Hi*

= o 2. Skl ? T:
4 6}1003 ) i (ehouﬂ%;k't«)fc)\r:f} 4

Rgcord as many data points as possible of

\/ C Wf'w If'

(c) Display the input and output signals on an oscilloscope.

(d) Plot one period of the output response on Graph 3-1. Do you think the measured waveform 1S
accurate based on the measured resistance and capacitance values? Comment accordingly.

Comment: (ke neaswed R.C ”t>\1@ P L , #1
A= -25Y) , = Ny F@ ’/f\ Ih"JeM“'P Y rh),ﬁ/
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4 JU choose L= oonll , C=25 M

= chovse /'\* K - /)_55_(2,

\/ (b) Display the input and output signals on an oscilloscope. Be aware; the function generator has a
source impedance of 50 Q which will affect the total resistance. Record Fhe data points of the output
waveform when the capacitor is charged in Table 4-1. You must show TA vour waveform with the

j
@ correct rise time and overshoot.

Table 4-1

EEEE] oo [Eey] 4o I oo |

-'."-

- ENam 2@ vamm

mIMl-mmmm.
k 2

- )<

You must make sure the output is underdamped 77 <i.

= 8@ Sz‘rlse time = , overshoot = Z %

Please analyze whether the Values of rise time and overshoot are reason%le based on Ry,
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w / (d) Change the resistor in the circuit until you get a critically damped-response (overshoot = 0). Record
the resistor value and analyze whether resistor value is reasonable.

i

Question: Please derive the step response of the RLC circuit in Fig. 4-2.

C=0.1puF L=1mH

SRS

000
+
vi(t) _ = V() R=100Q
Figure 4-2
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