| 4. RrC CIRCUITS

)

OBJECT: To study the frequency response
in (i) a cr circuit (high-pass) -

(1) an RC Circuit (low-pass

APPAPATUS : Oscillator, Oscilloscope, vario

resistances ang

THEORETICAL BACKGROUND

Filters are devices used tg smooth out

undesirable time-varying voltages/signals in e]

us combinations of

capacitors, connecting wires.

or eliminate some

ectronic circuits.

An RC series circuit constitutes one of the simplest filters.

We shall investigate the characteristics of two distinct RC filters

i.e. (a) high-pass and (b) low-pass RC filters.

In particular

we shall study their frequency response and phase shifts.

(a) High-Pass RC Filter: Consider the simple RC series circuit shown

in Fig.1, where a source of alternating emf (constant voltage

amplitude but variable frequency)supplies
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Figure 1: A simple RC high-pass =
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an input voltage "V" to the RC circuit. Suppose that "V" is

of the form
V = V_Sin wt - (1)
| m
This creates an alternating current in the circuit given by

I = I Sin (wt -¢) - (2)

where (1) Im and Vm ar2 the maximum values of current and
input voltage respectively

(i) w = 2m is the angular frequency of the input voltage
(1i1) ¢ = tan™! X = '1(

wCR - (3)
is the phase difference between "I" and "V
We will be interested only in the maximum values of "I"
and "V". The maximum input voltage vin(zvm) is related to the

maximum current "Im" through

I - Vin or Vin - InZ - (8)

But - A2 ? - R+ < ) = Total impedance of the

circuit

)
Therefore V. =1 /ﬁ‘ +('1 ) 2 - (5)
mn m —l-x_l—c—

The input voltage appears partly as a potential difference
"VC" across the capacitor and partly as a potential difference
"VR" across the resistor

Vin = Vc + VR = (5)
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IT we take the potential difference across "R" as our output

" n '
Vout’ then from Ohm's Law,

Vout = VR = LR - (7

Equationz(5) and (7) yield the ratio of output voltage to

input voltage as:

) R
out — =
out = - - (8)
Vin R Lo
wl

From this equation we notice that at low frequencies (w =

the capacitive reactance(i—c) > R

2mv) ,

and "Vout" is small compared with "Vin"’ On the other hand at

2
high frequencies X2==(—%€> << R?

7 out = Vin
in

Thus the circuit will pass signals of high frequency with relatively

Tittle or no attenuation at all, However, the signals of Tow

frequency are heavily attenuated and therefore "filtered out".
This circuit is appropriately named "RC high-pass filter".
Physically this is a result of the blocking action of the capacitor

to low frequencies or direct current. Fig.2 gives the variation of

0%3/47'" S a function of frequency in an RC high-pass circuit.
in
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Lower Cut-off Frequency

The frequency "wj, at which Xe = R,is sometimes called

the lower cut-off frequency for a high pass filter. Thus

X = L = 1 = R
yields v, _ ! - (9)
2m RC

The circuit may be used to remove -signal components having

frequency below vy-

(b) Low-Pass RC circuit

Now consider the RC series circuit shown in Fig.3.

. In this case, the “Vou " is taken across the capacttor.

t
The capacitive reactance = X. = i
C wC
Vout S - X¢ = m - (10)
wC

e

[]
al |

Figure 3: A simple AC low-pass
fiter.

The ratio of the output voltage to input voltage is (using

equations 5 and 10)

Yout - L - !
Vin /R2 + (};L_ 3 /o2 C2RZ+ 1
wC

- (11)
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This equat1on shows that when "w" is small (Tow frequencies)

R2 2¢p2p2 -
<<<T ) or w“C*R* <<1 and VOut = V].n

On the other hand when "w" is large (high frequencies)

2
R? >>(Z13T‘,—> or w?*C2%R?% >>1  and

<< V. . . .
out in. Thus, in this case, high frequency signals

are heavily attanuated or"filtered out" while the low frequency

signal pass with little or no attenuation( g ).
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Upper Cut-off Freguency

The frequency "w2" at which XC = R is sometimes

called the upper cut-off frequency for a low-pass filter.

Thus X, = +— = - = R
mzC 21r\)2C
yields V2 = ziRC - (12)

The low-pass circuit may be used to remove signal components

of frequency above v:.
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l
Procedure: (a) High-Pass RC Filter |

(1) The circuit is connected as shown in Fig.5. Your
instructor might like to see the connections before you
proceed any further.

(2) The oscillator and oscilloscope are switched on and
some time is allowed for these devices to "warm up".

(3) A cuitable low frequency (say 50 Hz) is selected on the
oscillator and the waveform-selector knob of the
oscillator is turned to simusoidal output.

(4) The voltage output potentiometer of the oscillator 1s
opened up fully for maximum "Vin" to the RC circuit.

i5) The Vin and its frequency are seen on the oscilloscope
by connecting the terminal marked o in Fig.5 to the
vertical deflection on the oscilloscope. This is recorded.

Note that the oscilloscope will show the peak to peak voltage.
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(7)

"

(10)

\
The ratio VOut Vin is calculated for this frequency and
recorded. Note that Vin may also change with frequency.
The frequency of the source is readjusted and proceeding
in steps of 50 Hz (say), a series of values of VOUE/Qin
is obtained corresponding to each frequency chosen.
The frequency is varied over a range 50 - 250,000 Hz.

However, the frequency step may be increased or decreased

to see some significant changes in VO“B/Qin

The data are tabulated and a graph showing the variation
of v against Vout Vin is plotted.
This graph should indicate that low frequencies are

heavily attenuated while high frequencies pass with Tittle

or no attenuation (Fig.2)

Calculate the lower cut off frequency for this circuit

and compare with the value computed from equation (9).

(b) Low-Pass Filter

The circuit is connected as shown in Fig.6 and the

experiment is conducted in the same manner as described for

High-Fass Filter. A graph is plotted showing the ratio of

v 2
ouﬁy/gin as a function of frequency. The upper cut-off

frequency for this circuit is measured and compared with the

value calculated from equation (12).
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