GOVERNMENT ARTS AND SCIENCE COLLEGE NADAPURAM
DEPARTMENT OF PHYSICS
SECOND SEMESTER EXPERIMENTS- ELECTRONICS 1

LIST OF EXPERIMENTS
1. A) Study the V-I characteristics of diodes. Characteristics Si diodes, and LEDs .

B) Reverse characteristics — Si diode;

e ExpEYES may be used. https://expeyes.in/experiments/electronics/diodel V.html

e Optional: Plot and fit the experimental data with the diode equation in GeoGebra or any
other application and calculate the value of the ideality factor of the PN junction.

2. Study the characteristics of Zener diode and construct a voltage regulator.
e Study the V-I characteristics of zener diode and hence determine the breakdown voltage.

e https://expeyes.in/experiments/electronics/zenerl V.html

e Construct a voltage regulator using a zener diode and determine the percentage of voltage
regulation.

3. Construction of the Half Wave Rectifier.
e Construct a half wave rectifier. Breadboard may be used for the easy replacement of the
filters.
e Observe the waveforms without filter and with filter capacitors of four different values
(4.7uF, 10uF, 47uF, 100uF) at constant load resistance using CRO/ExpEYES. Measure the
voltages and calculate the ripple factor.(load constant, capacitor change)
e Observe the variation of the ripple factor with load resistance (capacitor constant and load
changes, for three capacitors)

4. Construction of the center tapped full wave rectifier and regulated power supply.
e Construct a center tapped full wave rectifier without filter and with a filter.
e Observe the waveforms without filter and with filter capacitors of four different values
(4.7uF, 10uF, 47uF, 100uF) at constant load resistance using CRO/ExpEYES. Measure the
voltages and calculate the ripple factor.(load constant, capacitor change)
e Observe the variation of the ripple factor with load resistance (capacitor constant and load
changes, for three capacitors)

5. Construction of the Bridge rectifier.

e Construct a bridge rectifier. Bread board may be used for the easy replacement of the

filters.


https://expeyes.in/experiments/electronics/diodeIV.html
https://expeyes.in/experiments/electronics/zenerIV.html

e Observe the waveforms without filter and with filter capacitors of four different values
(4.7uF, 10uF, 47uF, 100uF) at constant load resistance using CRO/ExpEYES. Measure the

voltages and calculate the ripple factor.(load constant, capacitor change)

e Observe the variation of the ripple factor with load resistance (capacitor constant and load

changes, for three capacitors)
6. Construction of voltage multiplier (Doubler and Tripler).
e Construct the voltage doubler and tripler using diodes and capacitors

7. Construction of LCR series circuit and obtain resonant frequency



ELECTRONIC DEVICES & CIRCUITSLAB

Experiment-1
PN Junction diode characteristics A) Forward bias B) Reverse bias

IM: 1. To plot Volt-Ampere Characteristics P-N Junction Diode.

APPARATUS:

S.No Name of the Apparatus Range
1 Diodes IN 4007 (Ge and Si)
Resistors 1KQ, 100Q
Regulated Power Supply (0-30)V DC
Bread Board
Digital Ammeter (0-200)nA/(0-200)mA
Digital Voltmeter (0-20)V DC
Connecting Wires As Required

THEORY::-

A p-n junction diode conducts only in one direction. The V-I characteristics of the diode
are curve between voltage across the diode and current through the diode. When external voltage
is zero, circuit is open and the potential barrier does not alow the current to flow. Therefore, the
circuit current is zero. When P-type (Anode is connected to +ve terminal and n- type (cathode) is
connected to —ve terminal of the supply voltage, is known as forward bias. The potential barrier is
reduced when diode is in the forward biased condition. At some forward voltage, the potential

barrier altogether eliminated and current starts flowing through the diode and also in the circuit.

Thediodeis said to bein ON state. The current increases with increasing forward voltage.

When N-type (cathode) is connected to +ve terminal and P-type (Anode) is
connected to —ve terminal of the supply voltage is known as reverse bias and the potential barrier
across the junction increases. Therefore, the junction resistance becomes very high and a very
small current (reverse saturation current) flowsin the circuit. The diode is said to be in OFF state.

The reverse bias current due to minority charge carriers.
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ELECTRONIC DEVICES & CIRCUITSLAB

CIRCUIT DIAGRAM:

() FORWARD BIAS:

(0-200) mA
1 KO +

0

(i) REVERSE BIAS:

(0-200) nA

.

{V ) 0-20V)
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ELECTRONIC DEVICES & CIRCUITSLAB

V-l CHARACTERISTICS:

-~ Forward Bias
L{m A} For 'Ge’  For 'St

Breakdown voltage )
Vv VB Vy = cutin voltage

4 i . - 4 ¥4
VI(V)

Reverse Bias

PROCEDURE:

(i) FORWARD BIAS (For ‘Ge’ and ‘Si’ Diode):

1. Connections are made as per the circuit diagram.

2. For forward bias, the RPS +ve is connected to the anode of the diode and RPS-veis
connected to the cathode of the diode,

3. Switch ON the power supply and increases the input voltage (supply voltage) in Steps.

4. Note down the corresponding current flowing through the diode and voltage across the diode
for each and every step of the input voltage.

5. Thereadings of voltage and current are tabul ated.

6. Graphis plotted between voltage on x-axis and current on y-axis.

Dept. of ECE 3



ELECTRONIC DEVICES & CIRCUITSLAB

OBSERVATIONS:

Forward Bias:

S.No. Applied voltage | Voltageacross| Current through Diode (mA)
(volts) Diode (volts)

PROCEDURE:
(i) REVERSE BIAS:
1. Connections are made as per the circuit diagram.
2. For reverse bias, the RPS +veis connected to the cathode of the diode and RPS —veis
connected to the anode of the diode.
3. Switch ON the power supply and increase the input voltage (supply voltage) in Steps.

4. Note down the corresponding current flowing through the diode and voltage across the diode

for each and every step of the input voltage.
5. The readings of voltage and current are tabul ated.

6. The Graph is plotted between voltage on x-axis and current on y-axis.

Dept. of ECE 4



ELECTRONIC DEVICES & CIRCUITSLAB

OBSERVATIONS:

REVERSE BIAS
S.No. Applied voltage | Voltageacross| Current through Diode (PA)

(volts) Diode (volts)

PRECAUTIONS:

1. While doing the experiment do not exceed the ratings of the diode. This may lead to

damage the diode.
2. Connect voltmeter and Ammeter in correct polarities as shown in the circuit diagram.
3. Do not switch ON the power supply unless you have checked the circuit connections as per

the circuit diagram.

RESUL T: The Forward and Reverse Bias characteristics for ap-n diode are observed

Dept. of ECE S
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Expenment No. 19(a)

STUDY THE CHARACTERISTICS OF LED
(3 COLOURS)

Aim
To plot the V-1 characteristics of an LED
Apparatus '

LEDs, resistors, rheostat, vol
’ > tmet &
and a dc power supply (0 - 10V). eter (0 - 5V), ammeter (0 - 100mA) bread board

Theory

. Light emitting diode (LED)isa semiconductor which emits light whenitis forward
b1as.ed. The colour of emitted light depends upon the composition of the
S-Cm_ICOHdUCtOI material used for its construction. The V - 1 characteristics of LDR 18
similar to t.hat of a PN junction diode. Most LEDs have low reverse break down
voltage ra.tmgs, hence they may be damaged when 1everse volt age of more than a
few volts is applied. Most of the LEDs have a forward voltage of 1.6V to 3.5V and
a current of 20mA to 35mA.

Static and dynamic resistances of LED
When the diode is forward biased, it offers a finite resistance in the circuit. The
static resistance or dc resistance is the ratio of dc voltage across the LED to the dc

current flowing through it. The dynamic resistance or ac resistance of the diode af

any point is the reciprocal of the slope of the characteristic curve at that point.

Change in voltage
Dynamic resistance = pesulting change in current

Al
AT

OOJo

°A° | 2025.01.22 1¢
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330¢)

Connection diagram
Observations and tabulations

> Voltmeter Ammeter
Erial L;:D reading reading
No. colour (Volts) (mA)

; .

2

Red

3

4

5

1

25| e

en

3

4

5

1

; Yell

3 ellow

4

5
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I Characteristic
1-

I(mm T

Al

AV

+

(volts)

rocedure .

First of all identify the anode and cathode terminals of the LED. Make the
@nculions on the bread board as shown in figure below. Vary the theostat and take
e readings of the voltmeter and ammeter. Take at least five sets of readings. Repeat
e above steps for different colour LEDs.

Draw a graph between voltage along the horizontal axis and current along the
rtical axis we get a graph as shown in figure. To measure the forward static
sistance consider a point on the characteristic curve and note the corresponding
ltage and current. The ratio of the voltage to the current gives the static resistance.

y measure the dynamic forward resistance for a particular dc current, find out the

ciprocal of the slope (tan ) of the forward characteristic curve at the point
rresponding to that current. :

esult

(i) The variation of current with voltage has been studied.

(i) Static forward resistance at 20mA = ----------- £

(iii) Dynamic forward resistance at 20mA = --------=- Q

CX Scanned with OKEN Scanner
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Experiment No. 2(a)

ZENER DIODE CHARACT ERISTICS
LENER M

s = i B 4—__________———'—'—-—'—_- —\
Aim . : »
To plot the V-I characteristic curves of a Zener diode and determine its vy,
breakdown voltage, its static and dynamic res1stances

Components and equipments required

Iilc; Component/Equipment Specification Quamityﬁ'l
: | \ |
d Zener diode SZ5.6 1 No |
2 Resistor : ‘ - 12092 1 No

3 | Voltmeter 020V 1 No

4 Ammeter 0-10 mA 1 No

5 Regulated power supply| DCO - 10V 1 No

6 | Bread board | %

Theory :

Zener diode is a heavily doped p-n junction diode, specially made to operate |
the breakdown region. A p-n junction diode normally does not conduct when it
reverse biased. But if reverse bias is increased at a particular voltage it st
conducting heavily. This voltage is called breakdown voltage. Zener diode has
sharp breakdown voltage and it conducts in the reverse direction at this voltage.

Static resistance of zener diode is the ratio of dc voltage to the dc current flowl
through it. : ;
a0 \
Static resistance = _-I_
Z

Dynamic resistance is the reciprocal of the slope of the characteristic cut

. AV,
Dynamic resistance = —=%,

Z
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. 1 ram
cirevit diag 0- 10V
VR
X
Sz 5.6 R
e V.
0 . IOV in
N
:
v AV, vy -
«— iﬁl T s B _—
1 1 ‘—“"‘
|
1 ol
| LT —1
4
Al,
|
L
\L (mA)
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edur®

P“’M‘ ke connections as shown in the circuit diagram.

1 vary the input voltage and note down the ammeter and voltmeter readings and
] .. :o the tabular column.

) enter it 17 t

plot the reverse characteristics on a graph and calculate the static and dynamic
sistance from the graph.
il

esult
g ;) The yariation of reverse current with reverse voltage has been studied
i) The break down voltage of the diode= ... \Y
1 :
i) Static Zener resistance =
i

3

v) Dynamic Zener resistance =
i

G Scanned with OKEN Scanner
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e TAGE REGULATOR USING ZENER DIODE

Aim | study a Zener diode shunt regulator and to plot the fine -
cet up and ¢ y a4z P W : .t |

o ﬁLt l} racteristics and hence to calculate voltage regulation for ¢, foll.

g hare : ; .
regulation ¢

et AT 1 dis 7V to 12V. Output voltage 4 .
specifications. Input variation allowe Clltrey,

5.1V and 20 mA respectively.
nts and equipments required

Compone i
SI. (,‘ompnnent/EqUiPmC"t Spccificati(m Quantity
No. E
1. Zener diode SZ5.6 i
/& Resistor 120€2 I
1kQ) pot J E
3. Voltmeter 0-15V ]
4. Ammeter 0- 100 mA I
5. | Power supply DC (0 - 15V) |
6. Bread board 1

Theory

When a Zener diode operates in the reverse break down voltage region, the 7
voltage V, remains almost constant irrespective of current through it. A re
current flows through it.

A simple voltage regulator using the Zener diode will have a resistanc
connected in series with the input voltage and a Zener diode connected in pa
with the load. If V; is the input voltage and V, is the break down voltage, the

. - f V.-V
series resistor will have a value of Rq = % here I represents the series ct

andis I, +1.
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saoraill
¢ diag
e
R 0-10 mA
s \ +
120Q I
Y1
e
Vo LA Sz 562&\ 1k €
0- 30V/1 Pot 5
e have
i Vi _Vz
RS ==
I

R must be propetly selected to fulfill the following requirements.

. When the input voltage is minimum and the load current is maximum, I_{S must

b pe small enough to supply current to keep the Zener in break down region and

i) When the input voltage is maximum and the load current is minimum Rg should
be high to keep the Zetier current below the maximum permitted value.

Thus Rdmin = (1) nin +T)max  (2+20)x10”
. S
Vin)max — A 12-5.1 =230

Rodmax = W) ax +(Iz)min 3 (2“‘10))(10—3

3

Here we select Rg as 120Q).
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166 Core Experimental Phuysics - Il ¢ e
Observations and tabulations ¢
Load current I; = 10mA AOPUt voltage v, 7 2y
Input voltage Output voltage Load current Outpys oo
V, (in volts) V, (in volts) I; (inmA) N G \frl;;,_g,, .
Oltg)
7 0 ~
8 5
9 10
10 15
11 20
12

: ™

VOT ‘r Vo
VNL - - =
. ——r——— !
- i
: I
I
i I
I
I
: : |
v, o LS 20
. ; : -+ I (inmA)
Line regulation - Loadregulation ¥

Rae

J
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procedt™
M

qke cONNEctions as shown in cireuit diagram
1. SwitCh on the power supply.

_in st j -
y vary the V., insteps of 1 Volt fl.om TV 10 12V and note down the output voltage.
4 Draw the graph V. along X axis and V, along y axis.

wad regulation

; Keeping the mput voltage constant (say 12V), vary the load resistance ( [k}
potentiometer).

. Note down the output voltage for various load current.
7. Draw the graph with I, along x-axis and V_ along y-axis.

g Mark Vi (output voltage in the absence of load) and V., (output voltage at
rated current (20mA).

Voltage regulation = M %100

: NL
Result
i) The line and load characteristics of Zener diode is drawn
ii) Voltage regulation of the regulator = ....................... %
Note |

One may use any Zener diode. Choose suitable value for Rg according to the

design procedure. Choose the value of (L), by referring the data sheet of the given
diode. y

(} Scanned with OKEN Scanner
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3. HALF -WAVE RECTIFIER WITH AND WITHOUT FILTER

AIM: To examine the input and output waveforms of half wave Rectifier and also
Calculate its load regulation and ripple factor.
1. With Filter
2. Without Filter

APPARATUS:
Digital Multimeter - 1No.
Transformer (6V-0-6V) - 1No.
Diode, 1N4007 - 1No.
Capacitor 100uf/470 uf - 1No.
Decade Resistance Box - 1No.
Breadboard
CRO and CRO probes

Connecting wires

THEORY:

In Half Wave Rectification, When AC supply is applied at the input, only Positive Half
Cycle appears across the load whereas, the negative Half Cycle is suppressed. How this
can be explained as follows:

During positive half-cycle of the input voltage, the diode D1 is in forward bias
and conducts through the load resistor R,. Hence the current produces an output voltage
across the load resistor R, which has the same shape as the +ve half cycle of the input
voltage.

During the negative half-cycle of the input voltage, the diode is reverse biased and
there is no current through the circuit. i.e., the voltage across Ry is zero. The net result is
that only the +ve half cycle of the input voltage appears across the load. The average
value of the half wave rectified o/p voltage is the value measured on dc voltmeter.

For practical circuits, transformer coupling is usually provided for two reasons.
1. The voltage can be stepped-up or stepped-down, as needed.
2. The ac source is electrically isolated from the rectifier. Thus preventing shock
hazards in the secondary circuit.
The efficiency of the Half Wave Rectifier is 40.6%

39




EDC Lab Manual

Theoretical calculations for Ripple factor:
Without Filter:

Vrms =Vm/2

Vm = 2Vrms

Vdc = Vm/IT

Ripple factor =V (Vrms/ Vdc )*-1 =1.21
With Filter:

Ripple factor, r = 1/ (2¥3 fC R)

CIRCUIT DIAGRAM:

A) Half Wave Rectifier Without Filter:

1

- P
14007
130% 1"
=z - v V. (0-20V)
ac H R (Ve
SUEE Y ATy /gﬂ -
ac

B) Half Wave Rectifier With Filter

(LN

1N4007
230%
SOFfz

-

100 pF 25%

1

EEE, MRCET

. 7o (D-20%y
% ril, iz o OV
Vac 470 pF /255

40
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MODEL WAVEFORMS:
A WAVEFORMS:
Vi k
I'P wave form
0 n I 3T AT "ot
I
O/P without filter :
I
} =
3m 41 wi
L [Te b
O/P with filter il
-

T, Ty
Half-wave Rectifier with capacitor filter wave form

PROCEDURE:

1.Connections are made as per the circuit diagram.
2.Connect the primary side of the transformer to ac mains and the secondary side to the
rectifier input.
3.By the multimeter, measure the ac input voltage of the rectifier and, ac and dc voltage

at the output of the rectifier.
4.Find the theoretical value of dc voltage by using the formula,

Vde=Vm/I1
Where, Vm=2Vrms, (Vrms=output ac voltage.)

5.The Ripple factor is calculated by using the formula

r = ac output voltage/dc output voltage.

41




Load Resistance Capacitance Output voltage Ripple factor
Vdc Vac Vac / Vdc
Without filter R. 0
1.
With filter 2.
3.
4.
Capacitance Load resistance Output voltage Ripple factor
Vdc Vac Vac / Vdc
With filter C= 1.
2.
3.
4.
C= 1.
With filter 2.
3.
4.
C:
With filter

hwbhrE
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EXPERIMENT 05: FULL WAVE CENTER TAP RECTIFIER
WITH C FILTER

AIM: To examine the input and output waveforms of Full Wave Center Tap Rectifier and also
calculate its ripple factor.

1. Without Filter

2. With Capacitor Filter

APPARATUS: Digital Multimeter, Center tap Transformer (9V-0-9V), Diode 1N4007 ,Capacitor
100 uf, Resistors, Breadboard, CRO and CRO probes and connecting wires.

THEORY:

The circuit of a center-tapped full wave rectifier uses two diodes D1 and D2. During positive half
cycle of secondary voltage (input voltage), the diode D1 is forward biased and D2 is reverse biased.
So the diode D1 conducts and current flows through load resistor Ry.

During negative half cycle, diode D2 becomes forward biased and D1 reverse biased. Now, D2
conducts and current flows through the load resistor Ry in the same direction. There is a continuous
current flow through the load resistor Ry, during both the half cycles and will get unidirectional
current as show in the model graph. The difference between full wave and half wave rectification
is that a full wave rectifier allows unidirectional (one way) current to the load during the entire
360 degrees of the input signal and half-wave rectifier allows this only during one half cycle (180
degree).

THEORITICAL CALCULATIONS:

Without Filter:
Vrms:Vm/\/E

Vm:\/EVrms
Vde=2Vm/%

2
Ripple factor r = /(er—;"s) —1=0.48

With Filter:
1

Ripple factor, r = NETT

DJSCE ELEX
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CIRCUIT DIAGRAM:
ol R 4 ” . —
D] l],
* Vm
AC
input 5 Y %
Vin R, %
<
- D, I
Fle » 4 v .
Circuit diagram of a center-tapped full wave rectifier
= 3| B A H , —>
Dy I
= Vl‘]‘l
AC |
input = -- o
: C
lr:]‘l RL %
+1* ¥ ’l i .
Circuit diagram of a center-tapped full wave rectifier with C filter
ELEX
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EXPECTED WAVEFORMS: (only for reference)
A) INPUT WAVEFORM

AAAAA
YRR

B) OUTPUT WAVEFORMS WITH FILTER:

ANAAAAAY

C) OUTPUT RIPPLES

ripple
‘ [ —_— T —_—— T

‘ t

DJSCE ELEX
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PROCEDURE:

Without filter:
1. Connect the circuit as per the circuit diagram
. Connect CRO across the load R
Note down the peak value Vr, of the signal observed on the CRO

2
3.
4. Switch the CRO into DC mode and observe the waveform. Note down the DC shift
5

. Calculate Vims and Vgc values by using the formulae

| %4 I 2V 21
Vrms ZTZ’ Irms =\/_n% ) VdcorAvg. szv IdcorAvg. sz
6. Calculate the ripple factor by using the formulae
Vac |4 z
Ripple factor = Ve = <ﬁ> -1

With filter:
1. Connect the capacitor filter across the load in the above circuit diagram
2. Proceed with the same procedure mentioned above to measure Vqc value from the
CRO and also dc shift from CRO.
3. Calculate Vac & Ve by using the formulas

. Vac 1
Ripple factor = vae — a3 CR

where Vg is the peak to peak amplitude of filter output

4. Calculate ripple factor

OBSERVATIONS:

WITHOUT FILTER:

RL Vac Vdc Vac

(KQ) (Volts) (Volts) Ripple factor = v

DJSCE

Sem Il

ELEX



Load Resistance Capacitance Output voltage Ripple factor
Vdc Vac Vac / Vdc
Without filter R. 0
1.
With filter 2.
3.
4.
Capacitance Load resistance Output voltage Ripple factor
Vdc Vac Vac / Vdc
With filter C= 1.
2.
3.
4.
C= 1.
With filter 2.
3.
4.
C:
With filter

hwbhrE







BRIDGE RECTIFIER

Aim:
To construct full wave bridge rectifier and measure ripple factor with and without filter

Theory

AC
input

§RL

Discharging Charging With filter

}\f\(\,\/ Without
! ! f ! ‘/filter

DC output
AC input

Fig: Bridge rectifier with filter

(Theory, equations and tabular column as in the case of full wave rectifier)
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ent No. 14
geperin® ~ VOLTAGE MULTIPLIER
. il | B

Aim
To construct a voltage doubler and triple

rand to verify the voltages.
coml"’“e“ts and equipments required

[ SINo | Component/Equipment | Specification Quantity
e A Diode IN 4001 3

2 Capacitor s 3

3 Resistor 47KO) )

4 Multimeter

5 Power supply

6 Bread board

Theory

A voltage multiplier is a circuit which produces a dc output voltage equal to
multiples of the peak input voltage, that is, 2V, 3V, and so on. Voltage multiplier
are used in high voltage with low current devices like cathode ray tubes. There are

different types of multipliers available like voltage doubler, voltage tripler and so
on.

Voltage doubler

The circuit diagram of a voltage doubler is shown in figure 1. During the positive
half eycle of the input voltage D conducts (and D, does not conduct) and capacitor
C, charges towards the peak secondary voltage V. During the negative half cycle
D, conducts (and D; doesnot conduct) and capacitor C, charges to sum of peak

value of secondary voltage and voltage across C;. Thus the output voltage at load
VL becomes

VL = 2Vm
Voltage tripler

The voltage doubler circuit can be extended to obtain any multlple of the peak
nput voltage (V,,) like 3V,,, 4V, and so on.
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Observations and tabulations

Doubler
Output
v Vin -
ms lt .
(volts) o Theoretical Practical
J2. Ving 2V
Tripler
X Ve Output
o 1t .
(volts) (poe) Theoretical o
\/E'Vrms 3V, actic
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R,
00uF 47kQ)
V,=2V,

!

{}D*c:?l_l
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LCR CIRCUITS

0 xpeﬂment No. 12

/"—W/
Aim
To obtain the resonant frequency of a RLC series circuit

Components and equipments required

Sl. Component/ :
No. BRviprmbnt | Specification | Quantity \
1 | Resistors 100Q 1 No j
Capacitor 0.22 pF 1 No \

Inductor 1 mH

2
3
4 | Multimeter
)
6

CRO

|
\

Function generator \ \
\

Theory

An ac circuit is said to be in resonance when the natural frequency of the circuit
(LCR) coincides with that of the applied voltage. At this stage the applied voltage v
and the resulting current 1 are in same phase. This happens only in pure resistive
circuits. Here LCR circuit behaves like pure resistive circuit. This happens because

the phase angle produced by the inductance cancelled by the phase angle produced

by the capacitance. This occurs when X1, = X
The impedance of the circuit s,

| 7 = R+ Xy =)
P X, =X Then,

7=R

Condition for resonance

We have, X, =%c
1
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Frequency (f) V, Output voltage
(Hz) (volt)

-

(3 Scanned with OKEN Scanner
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rocedure

Connections are made as shown in circuit diagram.

Switch ON the function generator, and adjust its output voltage to about
10V (p-p)

Vary the frequency of function generator from zero hertz (Hz) to MHz anq fq;
different value of f, note down the output voltage.

Draw the graph of frequency versus voltage.
From the graph, find out the frequency at which voltage V is maximum,
Result
Designed resonant freqUENCY = .......oceeverereisaces Hz
Observed resonant frequency = .......ccoceeneennne Hz
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