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Experiment kl
ERROR OF ME AS UREMENT

Objectives:
!. To find the error in a resistive element.
2. To find the error in a inductive element.
3. To find the. error in a capacitive element.

Apparatus required:
1. Variable ac, dc power supply.
2. DC Ammeters and voltmeters.

. 3. Resistances (lOOohm) capacitance (40microfarad) and inductance 
(300rnHinry).

•j

Theoretical background :
When a number of. independent measurement are taken in an effort 
obtain the best possible answer (closest to the true value), .the result is 
usually expressed as the arithmetic mean of all the readings, with the 
range of possible error as the largest deviation from that mean. . .

to

I. Some definitionsi

. i

dp y Enron: deviation from the true value of the measured variable .
Cp?>- Accuracy ; closeness with which an' instrument reading approaches'the 

true value of the variable being measured .
CJV- Precision : a measure of the reproducibility of the measurements .
(JV?_ Sensitivity : the ratio of out put signal or response of th e instrument to' 

a change'ef input.

:!
v.

c/sI
■r

\s.

fv
T

TT Types of error:-
Cross error:5

•5 Largely human errors. 
i-r. correct

•them misreading - of instruments, 
adjustment and improper application of instrument 

computationai miscakes.

a among
and

i
■

(3f * Svs tern a tie error:i

Thisj of error is usually di
-i'"i —.-ire; ni—~C-„:—1 O t 3. •

lna into t o cun c ac-nt .ones:V 1 L iJ
i !ih i n 7

•~l 1.
> ■CO LU UCl£fiL l : j i v_

cture si i

t

'■i
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2- Environmental . errors^ dc to external conditions affecting iiens
• measurement. '

i

''m
7 !> Random error:;>

These error are due to unknown causes and occur even when all 
systematic errors have been accounted for. The only way to offset 

errors is by increasing the number of readings and using 
statistical means to obtain the best approximation of the true value of 
the quantity under measurements.

the

.fill. Statistical analysis:
There are several way to use the statistical analysis like: 
Arithmetic mean:
The arithmetic mean given by the following expression: 
X- (XI +X2 +X3 +. "

: arithmetic mean 
Xl,X2J...,Xn : readings taken, 
n: number of readings.

e>

-KXn)/n = 7X /n
V

Deviation from the mean:**
The deviation from the mean is expressed as

dn= Xn-Xdl = X1-X d2= X2-X

Average deviation: • . . *
.The average deviation is the sum of the absolute values of the deviations • 
divided by the number of the readings, 
it is expressed 
D -( dl +

Ci

1

dn ) In62 +
{

- otandarcr deviation:
standard deviation of a u

B = (( d l 2 +d2\+..............
S “ (Z di2 /n-1)

nite number of data is given by: 
........... 4- dn 2 )/n-1)

ir.
,t lie

1/2

i n

" Probable error
The probable error is given by the formula 

" 0.6745 5!
i

A febr* \ va r c v ( Ax )
Ra nee of error:

V /

= Ar- >:,ri

E max. - E av- 
avg.- Emin. = Y

e of erro

__r
-V TV -a -co' ■»

5
.! ' I{

V2/■! r \, vA /erage rar ! .. e- i <i O'- : ^ ~V\I
t- / !

‘XI; / • £l1-' rTV f \/ ^rY'0
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xperimeptai procedure:
1. Connect the circuit as shown in the f:gure(l).

•71
M 1

\
A

Variable: tRJ
povver supply

V
O-Z^/olc

figure(l)
2. Change the supply-voltage in steps from zero .voltage to^lisjvolt, 

measure the current in each step, tabulate your result in tablc(l).
1

1

1

R Error Error%Input 
voltage (V)

Current
(Calculation)

'2.' '
1

'6
o:• .d
o
n.

i •fH
/ ^«

! 2 a
,2*
9£ 2.I

n y■j j.

• Tabie(l).
?

>- Form your result calculate Aw-
i- R.ange of error -met-h-e-d-.
ii- Arithmetic mean method.

. iii-Deviations from the mean method:

3T!o o

i v- A v e rage .de v i a t i 0 n 'frterhtnh
Probable error metlicrd:

5

5.
1

I

i

i
I

i

?
t:

V
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Exercise: ■ t • •
Nine measurements of the resistances are : 98.20 ,98..IQ, 98.90, 
98.30, 98.10, 98.50,98.90, 98.00 ,98.60.
If Lhc: only random errors are present.

\

Calculate:
1- The arithmetic mean.
2- The deviations from the mean.
3- The average deviation. _

- The probable error.A

*

r

.r
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MEASUREMENT LAB

Prepared by: E.mohamad dradi

Experiment NO (2).

AC-DC Bridge

Objectives:

1- To find the unknown resistor by balance wheat stone Bridge.

2- To find the unknown inductor by using balance Maxwell Bridge.

3-To find the unknown capacitor by using balance sobering Bridge.

Apparatus required:

1-function generator 2-multimeter 3-dc power supply

4-variple resistor, inductor, capacitor.

Theoretical background

A) Wheat stone bridge

it is used to determine an unknown resistance with standard resistance.

Balance condition

a) lg=0
b) Vca=Vda or’ Vcb=Vdb

balance[Rx =R3 *(R2/R1) jAt

Experiment Procedure;

1- Connect the wheat stone circuit*as shown choose (R2/ R1 =2)

2- Choose Rx = 1 Q.1 KC, and resistance box. then adjust R3 until iq=0 then find RX Vca 
Vda, Vcb, and Vdb. o_

\ ■< 
\ V kAN L.1/ \ \| '

Li

' ' <
nr\\

\
/oV t* o---- l&

Rx\ . v A O
* Vi v \ ./ 

^ L.
>.

"Vs



ppiication of Wheatstone Bridge>\
£l~\

Loop test can be carried out for the location of either a ground or a short 
circuit fault.

Few*' ;r
corivvaji-jo-tit ri c.-bi-=■rl

p /T J V' * lx.i ii-sri f
I .v.il: VLVJ.OH' .11: 1 p Ni)r, c I0)Jf.1 ry

U>r % -j■1rvTS fxi•vmr*
Li "iS \ 1 X Shed 

"" circyis 
ta.t

s* iff irii **i v.\ g.fcurd 
X fj -l :

:-A
j*

*1

f :;
MillI'a''/LOOp ftst1

(VctR=Rl+R2 j
At balance condition:R3/R4=Rl/R2

\
~ P ft*W! r?‘V<

RfrCRTtAr.-
A _£y_

7 •/- M

\
—jLiLiix
■ TT'V-X P' h',S\j — X-<

r,

r-t*. i4\

i K -If- i r 1y-Y ■Pi
■ I

Meter per ohm (At specific diameter and Temp)

r. 1.V V.

-DO *
iVi.X2

j »

jk. .'I )|'<7 ^ ks' 1 Lr—-a).0

y 1/

R) ~ A
(A RV 

- R

F? (fR
,0} S.r? 1 \—

\ r Lj -t h-j k,
/p

A

!/ M
/-1

+ *H/i'7



b) Sobering Bridge

It is used to determine an unknown inductance-with standu-j capacita oce

' At balance condition

ig=o

(Rl/R2)*C3[RX=(Cl/C3)<I Cx = *R2 :
V.

Experiment Procedure:

1-connect the circuit as shown with C1=1|jf, C3=0.1pf, R1=1 KO

2-put unknown Cx and Rx and vary R2 until lg=0 then record R2

3-repeat 2 with different Rx, Cx

1=.

\ \<<C\ \ ; ft.i' —*\

)k0-z.V
N r-YA-

✓/
/ \( \

Vf(f)

•/“. fc W€

JD -/

\
N

by /4V c 4 2!/U V-i 3
1

OrV
X

^ V i
\

\

Pm 23/
i U < /.•••/ O'-

A/ /aVs! h

C /r *-

s i
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-Prepared by: E.mchamad dradi

Experiment NO (3)

Analog multimeter design

Objectives:

1-Study the operation of ammeter, voltmeter, ohmmeter.

2-To find how you can increase the range of instrument.

Anoarati-s required:

1-galvanometer 2-multimeter 3-rotating switch 4-3v dc power supply

t heoretical background

The torque on a current loop in a uniform magnetic field is used to measure electrical magnetic 
field is used to measure electrical currents. This current measuring device is caiied a moving coil 
galvanometer.

'•'-V
VeAmm fi\'RAY*’! mm' fJ v.VA : Sy?ll •' I . A

r->—wr. gft? ,1 LS-

Vi-.V v L

r.-
:aJ-•t ;:f -' 1- I i515 3<V: «

U Rostoong; tCuff'1
spring

The galvanometer consists of a coil of wire often rectangular, carrying the current to be 
measured. There are generally many turns in the coil to increase its sensitivity. The coil is placed 
in a magnetic field such that the lines of B remain nearly parallel to the plane of wire as it turns.' 
This is achieved by having a soft iron cylinder placed at the center of the coil. Magnetic field lines 
tend to pass through the iron cylinder, producing the field configuration. The moving coil is hung 
from a spring which winds up as the coil rotates; this winding up produces a restoring torque 
proportional to the winding up (or twisting) of the spring, i.e. to the angular deflection of the coil.
The coil comes to equilibrium when this restoring torque k balances the torque due to the magnetic 
field balances the torque due to the magnetic field. Since by design field lines are radial,

far equ.yibL.iuai-We have sin 9 - 1, so
/

f 0 =(NBA/K)*I iko = INba ;
T



Voltmeter Design

" Some movements have full-scale deflection current ratings as little as 50 jjA, with an (internal) wire 
resistance of iess than 1000 Q. This makes for a voltmeter with a full-scale rating of only 50 
millivolts (50 pA X 1000 Q)!

In order to build voltmeters with practical (higher voltage) scales from such sensitive movements, 
we need to find some way to reduce the measured quantity of voltage down to a level the 
movement can handle.

Using Ohm's Law (E=l R), we can determine how much voltage will drive this meter movement 
directly to full scale:
E = / R
E = (50 |jA)p • • • O)
E = Q.®5 volts

To get an effective voltmeter meter range in excess of A 0^ volt, we'll need to design a circuit 
allowing only a precise proportion of measured voltage to drop across the meter movement.

i his will extend the meter movement’s range to being able to measure higher voltages than before.

Correspondingly', we will need to re-label the scale on the meter face to indicate its new 
measurement range with this proportioning circuit connected.

10GQQ F.S=50jjA

rad test 
las d

bl. lest
1

iViec-surinq Higher Voltages

1D0QQ F.S=50pA

H —jW

trJS u

What we need is a voltage divider circuit to proportion the total measured voltage into a lesser 
fraction across the meter movement's connection points. Knowing that voltage divider circuits are 
built from series resistances, we'ii connect a resistor in series with the meter movement.
Ohm's Law could be used to determine resistance (R=E/I) for the- multiplier:

?multiplier - (E/I) - R



DesignArorne

A meter designed to measure electrical current is popularly called an "ammeter" because the unit 
of measurement is "amps."

In ammeter designs, external resistors added to extend the usable range of the movement are 
Connected in parallel with the movement rather than in series as is the case for voltmeters. This is 
Because we want to divide the measured current, not the measured voltage, going to the 
movement, and because current divider circuits are always formed by parallel resistances.

As is the case with extending a meter movement's voltage-measuring ability, we would have to 
Correspondingly re-label the movement's scale so that it read differently for an extended current 
range. For example, if we wanted to design an ammeter to have a full-scale range of 5 amps using 
the same meter movement as before (having an intrinsic full-scale range of only 50 pA), we would 
have to re-label the movement's scale to read 0 A on the far left and 5 A on the far right, rather than 
0 jjA to 50 pA as before. Whatever extended range provided by the parallel-connected resistors, we 
would have to represent graphically on the meter movement face.

10nGQ F.S=50(jA

AT'

fed testblack test 
lead lead

Using 5 amps as an-extended range for cur sample movement, let's determine the amount of 
parallel resistance necessary to "shunt," or bypass, the majority of current so that only 1 rnA will 
go through the movement with a totai current of 5 A:

IGGCJQ F.S=50pA

' \
jAn

V\AA

/ ■

d tes1 
lead

black test 
lead

Using 5 amps as an extended range for our sample movement, let's determine the amount of 
parallel resistance necessary to "shunt." or bypass, the majority of current so that only - - pA will go 

. through the movement with a total current of 5 A.

Rsh = E/(lsh - IG)
— A %



Ghmnieter Design

The purpose of an ohmrneter, of course, is to measure the resistance placed . 
between its leads. This resistance reading is indicated through a mechanical 
meter movement which operates on electric current. The ohmmstsr must then ■ 
have an internal source of voltage to create the necessary current to operate the 
movement, and also have appropriate ranging resistors to allow just the right 
amount of current through the movement at any given resistance.

Starting with a simple movement and battery circuit, let1 
function as an ohmmeter:

es how it woulds s

R*rti -AV-
i

s
T

\ ' f red tffrst 
lead

black test 
lead R*

Rz = (c / Ifs) - Rm

Then if you want to find Rx at a percent of scale deflection then apply this 
enuaticn:

Fix = ((R2+Rm)/P)-{Rz+Rm)



merit procedure: . •v

’"'Vu Lf)

1- Connect the circuit as shown in figure (1).
2- find R1 to measure 2V.R2 to measure 4V.R3 to measure 8V

\ c L 'l $y\X 4A)

10QGQ F.S=50pA
rr
'S

R,= 
R; =

'•IAV:
ranos selector ^

vWswitch n
jlivv/1-

T of?

red test 
lead

black lest 
lead

figure(1)

B)

1-Connect the circuit as shown in figure (2).

2- Find R multiplier 1 to measure 1 v.

3- Find Rmultiplier2 to measure 10v.

4- I-ind R shunt to measure 50mA. =>
jsar*

a o \x s «-- 5- Find Rn to measure <.—-

•?

i
R.: ulrioli-rl

Wr-
is.tilcfpti'srC

R vlllUlt

VW R
VvV

J ••••
?R.-0 s^1-~•^u f >

O I•' I A
i-i*'Co mm on

CK
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repared by: E.mohamou dradiD

Experiment NO (4)

Frequency and phase measurement

Objectives:

1-1 o find unknown frequency by using standard frequency.

2-To study Lissajous figure.

' 3-To find phase shift between voltage and current.

A pparatus required:r-\

1 -function generator 2-osci!loscope 3-resistor, capacitor 4-electronic kit 5-multimeter

! heoretica! background

Now we get to the practical part: once we have a source of accurate frequency, how do we 
compare that against an unknown frequency to obtain a measurement? One way is to use a ■ 
CRT as a frequency-comparison device. Cathode Ray Tubes typically have means of 
-deflecting the electron beam in the horizontal as well as the vertical axis, if metal plates are 
used to electro statically deflect the electrons, there will be a pair of plates to the left and right 
of the beam as well as a pair of plates above and below the beam as in Figure below.

horizontal
deflection
plates view-

screen
electron "gun

(vacuum)\L
[] electrons \J/ f L!=n mn o. irons

/.''vertical
deflection

plates
light

\
N

x

Cathode ray tube (CRT) with vertical and horizontal deflection plates.

jwlf we allow one AC signal to deflect the beam up and down (connect that AC voltage source to
• aC signal to deflect-the beam left and. right (using'the "verticsT deflection plates) and ano 

the other pair of deflection plates), patterns will be produced on the screen of the CRT 
indicative of the ratio of these two AC frequencies. These patterns are sailed Lissajous figures

frequency measurement in electronics.and re 3 <:mifiiOn means or comparsir/ i:,V



3.

Phase measurement:

y iV// lV
7

yicp- sm
y

Here is a sampling of Lissajous figures for two sine-wave signals of equal frequency,• shown as 
they would appear on the face of an oscilloscope (an AC voltage-measuring instrument using a 
CRT as its “movement”). The first picture is of the Lissajous figure formed by two AC voltages 
perfectly in phase with each other; (Figure below)

• OSCILLOSCOPE
1":’ V T' vii*-.- • •

verticali- ..........
V

# 0
:■■:: CC G IIP rCVAJivI r

: trigger:
•.

Ai f. ;

ifmebasev t :f

©%$)■
X...•!

j* ? 0y.
CC GUO AC:: s/ciivv v :i

Lissajous figureusame frequency, zerodegrees phase shift.

If the two AC voltages are not in phase with each other, a straightjine wiil not be formed. 
Rainer, the Lissajous figure,wiUtake on the appearance of arCgvai; becoming perfectly circular 
if the phase shift is exactl^90ojjetwgen the two signals, and if their amplitudes are equal:
(Figure below)

oscilloscope
vertical

Y•* <• 
YA:: ~v 0

.v/ c»: cup ,tc
• '• ! " V • V.-'div

triggeri:

- i- iI
■

:
• /vs

. y-
\nmeoase

X(r
a WM)' 

s.-div

©
c-: .quo



Finally, if the two AC signals are directly opposing one another in phase flGGo shiftV 
end up withaJin£__again, only this time it will be oriented in the opposite direction:-(Fioure 
below) ■ .

c'vve will

OSCILLOSCOPE
vertical
m YM.! c

©
CC GMD .-Cl.; V/dlv \

trigger Jd\, / >
/hr- v. ■ ■■ <.............. ; • i • i

• •i.■ i y •;

tirneb-Tise:■ ■ •

Vi'-i -v'V-frv
X|§P

s/div
0

rc g® «:■

} ■

Lissajous figure: same frequency ,/180.degrees phase shift.

Frsquency meas urement:

When we are faced with signal frequencies that are not the same, Lissajous figures get quite a 
bit more complex. Consider the following examples and they’re given vertical/horizontal 
frequency ratios: (Figure below)

OSCILLOSCOPE:
{•*!■:•••> •>....

vertical

V/dlv

:
Ylip ©

CC C,UO --C

Sc :
m

• cv
trigger m

■:

■ ■/ •
•i t

ytiir.ebase PV

/ USsY /
/-0

CC- Gi ID AC
s.'ciiv

Lissajous figure:..Horizontal frequency is twice that of vertical.
/' H-l /v

'>>
i'' v

- •>
5 *• ‘t \ \



he more complex the ratio between horizontal.and vertical frequencies, the more complex the 
Lissajous figure. Consider the following illustration of a 3:1 frequency ratio between horizontal 
r.no vertical: (Figure below) •

i
I

OSCILLOSCOPE••:■

vertical:■

m-ia Y.1 x
0Vi?

CC G \ i D r'Z•v*
V/cliv

trigger
V :
:: :•;

; ..
timebase••

■ /: \X f f W":"rt V0
n BDC CUD' AC -J>4s.'div T i i

Lissajous figure: Horizontal frequency is three times that, of vertical.

. . . And a 3:2 frequency ratio (horizontal = 3, vertical = 2) in Figure below.

OSCILLOSCOPE
• }• :

vertical
TrtdTi .A-T"-:iif:f YX

©: n CC C,!IO rCV/cliv i( j ij\? VX i v• V

(©)nigger
r l •/•-<

j.■ V - • ai •
• i <

timeba^'yW.:'; ;
•v

) ©
CC GUO ACs/div r. J

. 'i.

Lissajous figure: Horizon!,sf/Venics! frequency ratio is 3:2

Lissajous figure: Horizontal/vertical frequency ratio is 3:2.

in cases where the frequencies of the two AC signals are notexactlv a simple ratio of each
other (hut dose), the Lissajous figure..will appear tQ'^move/'.siowlv changing orientation as the
phase angle between the two waveforms rolls between Oo and 180o. If the two frequencies are
locked in an exact integer ratio between each other, the Lissajous figure will be^tabi^ on the
view screen of the CRT.------



Ex pariment proceriure

A'i.'"V

1- Connect the circuit as shown in figure (1) set ac voltages as a function generator with 
2Vp,f=1khz.

2- Connect the two channels as shown and be sure to invert channel two.

3- Press x-y mode and from wave find the phase shift between voltage and currefifT

\\\o,CHI

r=1 |<Q /

AV I
I

CH2
3=0.11-1 F

. 
VsU)XJ

figurc(1)

B)~

l-connect the circuit as shown in figure (2).

2-set fx=i khz ihen vary vs in order to find any Lissajous figures the find fx from this equation
r •

t.I

I fx=fs*(NH/NV) ,i 7(1) i tt 'V nj
i'ri, V ? Tb

\
-■ •*.Z'' , A t/ \

, ^ ri \ 

A v
A - 'j H

I\ i

T/-S’ ‘A Hu;
■* H /. ’$ /

\
\ . . .yJ‘-
■' t

IA
fc (fc*/
l -J

<>€*■

Vnf « H!f

- ^ -\ V/\ V I *
! I

figure (2)
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Experiment NO (5)

741-operation amplifier

Objectives:

1-Study the operation of op-amp 741.

2-To study cp-amp as an inverting amplifier.

3- l o study op-amp as non-inverting amplifier.

4- To study op-amp as summer amplifier

Apparatus required:

1-function generator 2-oscilloscope 3-741. op-amp 4-eiectronic kit 5-multimeter

S-dc power supply

Theoretical background

The general symbol of the operational amplifier
-V'/-

t

?-‘II
CP'-'T-A

J
c------ V

laU*
_1

J'

\a
-V

J
./j

i

The !C used to represent this operational amplifier is 741 which has the following terminals

;• /.TV/ c-»'iv\t -Au-•i
■ i

6

vva U r sQ /.jc -u'
?0 Vr- o*c)-/■ v>\

-/-/-t- r «□A 2 'A v, VV ri ) C'J- U



The operational amplifier is probably the' most frequently used linear integrated circuit a 
variable. There are two basic configurations for operational amplifier circuits:

1 -the inverting amplifier 
2-non-inveriing amplifier

Operational amplifier ideally has

1 -infinite'input impedance (open)
2- infinite voitage gain.
3- zero output impedance

Operational amplifier practically lias

1- Very high input impedance.
2- very high voltage gain

. 3-very small output impedance

Experiment procedure:

inverting amplifier

Construct the following circuit

-;\W------r

Kf -f/S'v' i4.
•73 •L

• J v
(?.-=.VVCv<- •

c ---- o •
7 '• ■ ‘0 L• • <A-.- V0V; -iS-v

:L

1-use a function generator as an ac source and adjust it to 2Vp, 1KHZ.

- 1KQ observe both sigrials.Vs and Vo using oscilloscope on the dual mode and2-for
then draw the figure on your graph paper.

Rf

3-Repeat 2 if Rf=2kDand Rf=10k 0.

4- compare tiie_ypltag:ecain(;Ay=(iVo/ Vi )jyou notice from the graph by the vaiue you get from
the formuia{Av= -(Rf / Ri) j



ri on-lr ve rti n g am p 1 ifi e r

Construct the following circuit

1-Repeat inverting procedures from 2-4

2-compare the voltage gain/Av =(Vo/Vi);you notice from the graph with the voltage gain you 
get from the formulajAv= 1 +(Rf / R1 )7

Hf
'M'

9^ IK a -/ijr
—U

\ r[<; *- >
1

V*!-• --/ r r
v'i

L\\>Summer amplifier 

Construct the following cirqtfit
‘A/fv r\?At V\.

n p.y = fa a h W'1nI
V ---- VvA'"- i0 - S 7- is „ 
••I - -

-------- --------------
- /coK■/’l- j

4 'Cu
2

<r'7v! ^
xxW - I VfJ|f 

IK ire

3
+—zz— 5yd c. o

. -is> r

1- Adjust the oscilloscope to zero do level before connecting to the circuit

2- Observes Vo and then draw the following
a) Vo when the dc source off and Ac source on
b) Vo when the dc source on and the Ac source off.
c) Draw Vo if dc source and Ac source on

3- Compare Vo in part : j the value you c; n oet from the formula

\ :
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Prepared by: E.mohamad dradi

Experiment NO (6)

Function generator

Objectives:

1-Study the operation of function generator.

2-To studies the construction of function generator.

3-To studies zero level detector and integrator.

A p p a ratus re q u i re d:

1-741 operational amplifier 2-oscilloscope 3-resistors and capacitors 4-electron'ic kit 
5-multimeter

Theoretical background

Function generator consist of oscillator, zero level detector and integrator as shown in 
figure(1)

function generator construction

zero level 
detector

sine
oscillator

dc veil age inegraior
■>

triangular

S'. rectangular15.

figurs(l)

The osciil : convert electrical energy from dc power to periodic waveform.c;

f \ V

Usc-liio rdc VO it e -£v r



Conditions of oscillation:

v'"1-|The phase shift around the feedback loop must be effectively 0°
./•.

/'?JThe voltage gain Acl, A round the closed feedback loop must equal 1

vo vo
Av

phase=Q 
— feedback

AcI=Av*B = IAr feedbackVV

Starting of oscillation

A L
i v r".

'1/
Ad>1 Ac!=1

A) Thg_Wien bridge oscillator

One type of sinusoidal feedback oscillator.is the Wien bridge oscillator. A fundamental part of 
Wieri bridge oscillator is a lead-lag circuit like that

a Vaut , 
1/3Vin

Rf \
to Vo utV?n <> A/W

\a >R2 *
\

fr

Ri and Cl together from the lag portion of the circuit; R2 and C2 from the lead portion. The 
operation of this lead-lag circuit is as follow. At lower frequencies, the lead circuit dominates 
due to the high reactance of C2. As the frequency increase, XC2 decrease thus allowing the 
output voltage to increase. At some specified frequency, the response of the lag circuit rakes 
over and the decreasing value of XC1 causes the output voltage to decrease.



S.

r
This circuit in figure(2) is a self starting ,wien bridge osci!Iator}notice that the voltage-divider 
circuit has been modified to include an adcn'iiohai?ss'icidTR3 in parai'el with a back -to -back 
zeneLdiode arrangemeni.when dc voltage is first applied , both zcner diodes appear as 
opens.

This places R3 in series with R1,thus increasing the closed-loop gain of the amplifier as follows 
(R1 = 2R2) '7. u

1 V.«

fV
A

/ R3

xtR1'R1
y Vnut

<? 4-
R2> \t l rfln

C1 R4
I—VN/V-

i ki> C2R5 <?

figure (2)

B) Zero level detector

One application of op-amo used asfa-CQmjjarator'is-to determine when an input voltage 
exceeds a certain level, Because of the_hjgh.pp_egdoop voltage gain, a very small difference 
voltage be^e^ihfi-tiaLQJrvpyls.drryesjhe.aiTijDlifier into saffi ratiom_causincftliiToutput voitage 
to go to its limit as shown in figure (3). ~

r\Vin / \/
/- \0

\—CiVout

IK -rVc'Jt(mSX)

n'"'X
'■'V j Vin

-Vquifmin)—1
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._/*lr iment procedurec:

1-Connect the circuit shown in figure (2) set R1=2KD, R2=1KQ, R3=1KQlC1=C2=0.1pF 
R4=R5=1K_Q

\
A) t /1')

2-Find the output frequency by using oscilloscope.

3-Which elements effect on the value of frequency.
1—

Hjk--4--
c V—

^ \w V‘ r^-/ )t

‘ i 1>
V>^ yl

R3 = \ k
R1

Vout
■15>

- \
i' /pr\£*-R2

^ Cl R4. ,\ Ih
■- V i.-R5 < C2

2/^C
1\Y. /

/
I

figure (2)

i' B) 3U.. 7

1- Connect tine circuit as sh'own in figure (5) set ac source as function generator with 4Vp and 
f=5.Qiiz

r

2- Find the output of circuit by using osciiioscope

3- Find the output voltage max and min what do you conclude.

o Vout
Ll

i

fv) \ /: „ v i n

x

fi pure (:
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C) Integrator

One application of op-amp/used as an integrator it integrate any signal for example pulse wave 
wi.il be as sRown"in“figure(4)

c = c?4vif

if
+10 V

Vin Vout
>Ri=10KS3 +

‘tfv

ficjure(4)
r’. 'W

A Vout Vin
At RiC

V

HH-
HhAAA.r 

R4.% I
R1

-i-<r
$

+R2>

J?.] > R5

V /&iia •:

r
—□

/
n aQ rA R5 / /c uo

l/ !!? i
!
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1-Connect the circuit as shown in figure (6) .
/

‘ 2-rind the output voltage by using oscilloscope, then find.it by_ca]culotion.?. •

3-Enter sine wave and triangu!ar,wsve, what is the output wave.
:-L>>\: V

.M .1 
»■ « •*-/ =■• i>j MFC=.

1

+115 V
Vin Vout

Ri =10 KQ
Yt 'H1"I■levy

.>;j/ ri -? •

"■/-) /V.n -> C*figure (6)

/ .1
A.

^ L -

^N>"V>vuV\
/■ '

" )V-
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Objectives of Having studied this Chapter you will be able to:
:t.

Discuss the characteristics of a filament lamp.

Describe the construction and characteristics of a 
photovoltaic cell.

Describe the construction and characteristics of a 
phototransistor.
Describe the construction and characteristics of a 
photoconductive cell

Describe the construction and characteristics of a 
PIN photodiode.

ti:
i!

V: f ■i?
f. t
VW.u‘.1

>'V

$ife-
i

m•a,v .1

S*:«Kr

1-2?; v. p- :•••
hi

, * .... h'......V

Equipment D1G1AC 1750 Transducer and Instrumentation Trainer. 
4mm Connecting Leads.
Digital Multimeter.
Opaque box to cover the clear plastic enclosure.

.'v o*l A Required for 
this Chapter
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The light source to be used in the experiments is a,Jungs ten filament lamp. The 
filament glows more brightly as the power feeding the lamp is increased. Two 
factors will be affected as the lamp voutage is increased:

K>J

■7m ! -!li;1

1
The temperature of the filament is proportional to the input power. Power 
varies with the square nf the vnltagp and is also affected by the resistance of 
the lamp, which increases as the filament temperature increases (it has a 
positive temperature coefficient).

1.mm ’I!

' I:! -1
■:i1

The spectral response of the lamp varies with the filament temperature. At 
low temperatures the light is in the infra-red region of the visible spectrum 
and the light output gradually increases in frequency (red -> orange -» 
yellow . . . ) as the temperature is raised.

e&pv
2.

<v>. i

f jlg' ■

I
V' These factors make it difficult to be too precise about the response of the sensors 

which will be investigated.V ■A

1
■m In order to determine the response of the filament lamp an acceptable reference 

must be established. The photo.V-oimic cell is a linear device, the output short 
circuit current being directly proportional to the luminous flux fluxf being; 
received.

!
1 iy

i ■rv •
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oalfr- ■.
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:
MPractical Exercise 

The Filament Lamp
5.3 iafev :>•3v1

■.

•::i ••
■ -im-'0..<■ !

ftr*a'
MOVING COIL METER

S

-'0^^
D ■

Vf, "W1 L LL/ ;h ,v-
V?C-'-r 1

0^0--^
1& :• <*!P.I.N. PHOTODiODE PHOTOVOLTAIC CELL :i,

NJ o/p o. 0/P0-0 I0-0ov
-@mk 9 V-I® a# 5

fmO/P O/P 1Sv1-0-0 0-0VV]rewound track:
5 6

■;i
•?.c POWER AMPLIFIER vV'APHOTOCONDj 1ANS1ST0R

T... »iii^ y.

i/p^T-Q
,74 >.A I • •> ■ i[PB L, 4,AMEI \3

1 I/P Digital 'Multimeter2 °X J101 .B JO-o Jfr-o ‘;TlOkO. +12V OV
1!W\:

Fig 5.2
'• ;'

Connect the circuit as shown in Fig 5.2 with the digital multimeter 
connected as an ammeter on the 200mA range in between the power 
amplifier and the lamp filament socket. Switch ON the power supply.

Set the lOkff wirewound resistor to minimum for zero output voltage (on the 
moving coil meter) from the power amplifier.

Take readings of lamp filament current as indicated on the digital, multimeter 
as the lamp voltage is increased in IV steps. Record the results in Table 5.1.

©
A
A

i.

v
© 7

©

fvl,

Lamp filament 
voltage (volts)

4 60 1 2 5 7 ■!9 10

Lamp filament 
current (mA) i

Lamp filament 
power (mW)

•A,

:1
Lamp resistance

(O)
Table 5.1

m 3

I80



Calculate tju^orresponding values of lamp filament power ((Vxl^/and 
resistance fy-r-I^ecording the results in Table 5.1.

Dlrvf fin o rr 
X IVl Wiv

graticule provided.

i \t

mal
V; graphs of lamp power and resistance against applied voltage on the%

■.

200800
t f: 190750

180700
--------- ■% t LamP 650 

Power 
(mW) 600

170 Lamp 
Resistance:;

160t (£2)
550 150

• V* 500 140vs 130450?$■

400 120■H3! 110350I
iv 100300
w:
Vu ? 250 90
ft. 200 80

70150
y*.
A 60100
•*? 50 50
■5

40
0 1 23456789 10

Lamp Voltage (volts)
r.■T

$ t
Graph 5.1

'■& w ■ • <:ver
V-1

From your graph estimate and enter the lamp voltage necessary to give a 
power dissipation of 250mW.

5.3a
$§&••• 
’•y '■

:he
m:
&

ter "hi
y£ From your graph estimate and enter the resistance of the lamp filament when 

the applied voltage is 4.5V.
5.3brSvV• f_ A

i *
VHA-m

X

Switch OFF the power supply.
it?. ;
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5.4 Photovoltaic Cell SEfti SM

A photovoltaic cell|s one which venerates an F.AFF when.light falLs_tmta-if mm
gab1
vaWl

§ s»
aaM&BaHBM

t#lfl P-typc 

14% I N-type
•Jffl

Depletion
Layer

// 1•mIft
S3Fig 5.3

•■•V
One of the regions is made very thin (about one millionth of a meter, 1pm). Lightlffl 
can easily pass through this without much loss of energy. When the light readier*"” 
the junction, at the depletion layer, it is absorbed and the, rptpac^.d energy creategf 
hole-electron pairs which diffuse across the junction.

The thin layer, which is only lightly doped, rapidly become^saturatgd^and charge|||||||| 
carriers can be released into an external circuit to form a jrurrent^ pushed around 
the circuit by the force (electro-motive force1 F.MF. electron-moving-force) of thef®CS| 
surplus of charge carriers released by the energy absorbed.

m&

mm
$

■

.
i

■•t- 'f&
-200 - ;iviw ■\rs\

nilMierv-'f-j
hm

-150-
10,000 luxAnode

Current
(microamps)

-100-

■fit2,000 lux-50-
Symbol

& m$$.•^rarv-jij
SssSti

+ 0.5
Anode Voltage (volts) ’"A '

*Fig C A \m
siNote that the anode current is shown as negative because the internal current ■;? 

inside any source of EMF must flow with opposite polarity to the external current, % 
the electrons arriving at the anode returning to the cathode inside the photo-cell. |

rra82



The lux referred to in Fig 5.4 is the unit of incident light (light aniving at the cell).
X 3. \J4‘

anualfi
f;

O/P-
-g;

(••fe.

ov

Circuit Arrangement

Fig 5.5)•.h:

Characteristics of Photovoltaic Cell Type MS5B

500mVOpen circuit voltage (in sunlight)
Short circuit current (in sunlight) 10mA'

hr

840nm (1R)Peak spectral response wavelength Note: IR = infra redLight
•v*

tch.es. 
eales.

Response time lOps
Table 5.2■

rI If the output of the cell is short circuited there will be no output voltage at all, 
since this will all be dropped internally across the resistance of the cell. The short 
circuit output current obtained will vary from zero to maximum according to the 
incident light.

Itarge .
Dund if?.;'" 
f the

r
■■■*

.->■

m
s The device can be used either as a voltage source or as a current source and is 

levies. To increase the output voltage, cells mav berermnecled 
ln/series/^aralleTtioi'inection allows a greater current to be drawn.

When used as an energy source they are known aspo/m- Cells, f

Note:

For the characteristic to be linearit_is necessary for the light output of the lamp to 
be ofconstant light fre^ueiicyt^spectral colojjLand for the light output fin lux) to 
be directly proportional to the power input.

inhe;
■

-■

v;
*••
■-/•

A
V'

tII
i .

fr 83irlsni
v-nt,
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fcpiPractical Exercise 
The Photovoltaic Celi

5.5
■:

esSffii:

■1 *

v,MOVING COIL METER

5
A-U JJj. '4

P|P!
+ m jjjjofij;A&P.I.N. PHOTODIODE PHOTOVOLTAIC CELL

0/PJL* O/P<y^
aflM

0-0»■IIV

85'iSS'VK'j'SH&
0/P O/P

0-0 OO 1®W1REWOUND TRACK
5 6 n;POWER AMP!C ER APHOTOCONDU' IS5ST0R,7 ..TS4 fi-ffa[P

’LlSIWVIOkfJ ’G-^0

L, -AMENT I/P3 v// h
4-:2 tifif 

Jm
\r 10

,g>-o+I2V OY •I;
VIA
(IS a

Fig 5.6 *m.
nil

:.V‘

•fr-V*Connect the circuit as shown in Fig 5.6 with the digital multimeterT 
(ammeter), on the 2mA range to measure the^short^circuit current-between 
the Photovoltaic Cell output and Ground. Fit an opaque box overthe 
Plastic Enclosure to exclude- all ambient light.

© W!
if 4m 2

M
Clear s

M.......mm wmiSwitch ON the power supply and set the lOkQ wirewound resistor to 
minimum for zero output voltage from the power amplifier.

Take readings of Photovoltaic CelP.Short Circuit Output Current as indicated -i 
on the digital multimeter as the lamp voltage is increased in IV steps, i 
Record the results in Table 5.3.

©
8

*8i0?k,
»PS%

fcili■rn-'inm 
"i" ■2

iL-bi; 1Lamp filament 
voltage (volts)

ft;

■:S<

1 3 4 50 2 7 9 10o
AS aShort Circuit

Si,V; AAV;Output Current pA ]iA HA pAJdA ]±A RA pA PA pA ra
Open Circuit 

Output Voltage V V V V V JV V v a r V VV fyi
%'ftTable 5.3 it*

«v.a Tf-mmb

84



&
Switch OFF the power supply, set the multimeter as a voltmeter to read the 
Open Circuit Output Voltage. Switch ON the power supply and repeat the 
readings, adding the results to Table 5.3.

Plot the graphs of Photovoltaic Cell Short Circuit Output Current and Open 
Circuit Output Voltage against Lamp filament voltage on the graticule 
provided.

al §

w.

1100 1.10l-J

1050 1.05
lt 1000 1.00

950 0.955/
900 0.90Photovoltaic Cell 

Short Circuit 
Output Current

Photovoltaic Cel! 
Open Circuit 

Output Voltage 
(volts)

■x
350 0.85

® J;
% \ 800 0.80(FA)

5:-;
v.V 750 0.75

700 0.70

fc: 650 0.65
it* i

600 0.60*41: I

l '*•' 550 0.55
500 0.50
450 0.45V: \'f

400 0.40t !-

;v> 350 0.35
300}•?! 0.30i'
250 0.25

i
■

200 0.20
i , j

L-l 150 0.15,5'- l
I;? '

100 — 0.10 >.' II i
>■ 50 0.05

0 0
*■ 0 1 2 3 4 5 6 7 9 10

Lamp Filament Voltage (volts)•f:
if

A
Graph 5.2

• fv:

>
$*.:•
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«‘.SrtA

''ii

From your graph estimate and enter the short circuit output current in jj.A ..fi'; 
when the Lamp filament voltage is 7.5V. J

5.5a a';

■3mm <wism $mm..% ■4Are the graphs linear? 

Yes or No

5.5b 39

w :£S•'

PH 

ilifl

u

Switch OFF the power supply.

>5.6 The Pbototransistor wm
mkm
gttKi

$

The construction and circuit used are shown in Fig 5.7. The device is an NPNj 
three layer semiconductor device similar to a normal transistor, the regions being!? 
called emitter (e), base (b) and collector (c).

nUm•/it*

ki

BRiS
?J£1XI

•1 si!+v
3 JSb

■ I J 
*8R=i>^

Output

r-Incident
Light

c
Incident

Light
V'.: .Vi:K:eiVriwfi -v,

c ..•ft
M,\ Jiff Is/

b e
\ r OVLens |Case

■i •-*F/g-5.7 •7ill
I®

The device differs from the normal transistor in allowing light to fall onto the base 
region,.focused there by a lens. ’/a

g®
M

Si
The circuit connection is shown in Fig 5.7. the collector being connected to the-fj 
positive of a DC supply via a load resistor R. The base connection is not used in | 
this circuit but is available for biasing to change the threshold level.

m
•: i

C.

8i ■
With no light falling on the device there will be.a small leakage current flowing 
due toUhermally generated liole-.eleclrmi-pairs-and the output voltage from the 
circuit wilLfafi-slighthUgss than the supply voltage due to the voltage dropacross 
the load resistor R.

iiS-ja!

•4gvor/ r cv -
HT iC& c T:_ \!36 < r . . ■r V 6'0^ ‘



::
When light falls on the base region the leakage current increases. With the base 
connection open circuit, this current flows out via the base-emitter junction and is 
amplified by normal transistor action Io give a large change in the collector 
leakage current.

m
A UA

nual

With increased current flowing in the load resistor R, the output voltage reduces 
and is dependent on ihe light falling on the device.

12
(Vout - V - Iceo R jA

ii
where:
V = Supply voltage, Iceo = Collector leakage current, R = Collector load 
resistance.

i

Fig 5.8 shows the circuit arrangement for the D1GIAC 1750 unit.'f;

O/P

c;
•I

:1

sfPN b e
0V'wl

Or

j ■ Fig 5.8
••• :r.
•Vw The main characteristics of the device are:

i /*,

Type MEL12&
■t.

M
100nACollector Current Dark

Typical 
| ambient

■■‘i- (Vce = 5 V) 3.5mA

Table 5.4
w.\.
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Practical Exercise 
Characteristics of a Phototransistor

5.7
i

1

MOVING COIL METER P.I.N. PHOTODIODE PHOTOVOLTAIC CELL pi-

O/P OJ,,. 
sifti

o/p0-0 0-0+ 10 *0-Op

(>ks^ oO/P O/P/r.ij.0-0 m7H \
PHOTOCONDUCTIVE CELL PHOTOTRANSISTOR :-s

LAMP FILAMENT t
■>?

SLIDI CV s'

WI REWOUND TRACK UJli....L.U B ••TERC POWER AM PI65 m
2 3 -1

.7 I i i i
6 7 S 9 A;PBS 1 103 lOltfl

’CScWtiouq 'O-O
10 &o-^+I2V OV +5V •ir.i"-

W>:
Fig 5.9

U:lA. -
P.Connect the circuit as shown in Fig 5.9 and set the lOkH carbon slider 

control to mini:
approximately*!!^/protection resistor only).

© <s
•«jetting (1) so that the Phototransistor load resistance is > "ty

Connect the digital multimeter on the 20V DC range to measure the; 
Phototransistor output voltage. Fit the opaque box over the Clear Plastic ! 
Enclosure to exclude all ambient light. I ■V

Switch ON the power supply and set the 10kH wirewound resistor to | 
minimum for zero output voltage from the power amplifier.

mi­te it;-.

¥«

;
Take readings of Phototransistor output voltage as indicated on the digital 1 
multimeter as the lamp voltage is increased in IV steps. Record the results in 4 
Table 5.5. 1

s? W

?t‘.V

&’• ’

>
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ys
Lamp filament 
voltage (volts) 
pbototransisto: 
Output Voltage

96 1074 530 1 2jal

v V V V VV VV V V V
Table 5.5

Plot the graph of Phototransistor Output Voltage against Lamp filament 
voltage on the graticule provided.

i

5.5

5.0
Phototransistor

Output
Voltage

4.5
S ••

4.0
I(V)

3.5

3.0

2.5i*/»
't&vif-

2.0
ft ;1.5 .

1.0
0.5

0
0123456789 10

Lamp Filament Voltage (volts)r:>' 9 i;

Graph 5.3
w-','

;■ a
■Ieri m From your graph estimate and enter the filament input voltage when the 

Phototrsnsistor output voltage is 2.5V.
5.7a

WiVi
' -K la

C'iies >N>:<2 As the filament input voltage increases the phototransistor output voltage 
levels out' at approximately:
0 4

5.7bi< •*
»

1 •• jd] o-i.ov\c\ 1.5-2.5 V\b\ 3-4Vr 1 i C C C\T0 v »
• i

i
' ;

I Switch OFF the power supply.
;l

3:*
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Fig 5.10 shows the basic construction of a photoconductive cell, consisting of®MfMi 
semiconductor disc base with a gold overlay pattern making contact with thUH® 
semiconductor material. The circuit arrangement for the DIGIAC 1750 unit is also 
shown.

5.8 The Photoconductive Cell, LDR -1

M

Mm*, /o

mmSMfM ;%i$; v!

lip Igs.1o/pCadmium Sulfide disk
0-0

JiilEft©

X 54
z XContact ContactsssaKstsas.- v-,i 

% mtkrmmm&sssft1
aa ?<;*i\

/iov
pf§lpm;Sp-i?5>W« '•

raJSHEHSSgE
\ F

Gold Contact Fingers Circuit Arrangement t

JftSli'-Fig 5. JO

vf 1•>?;-,v

»V,1( s&V'.t

ft V
*LX>^

The resistance of the semiconductor material between the gold contacts (rediicegff'
when light falls _on it i

\\With no light on the material, the resistance is high. Light falling on the material 
produces hole-electron pairs of charge..carriers and reduces the resistance.

i.-

VX

w ■1

Out of the various semiconductor materials available, a cadmium sulfide 
^photoconductive cell is used on the DIGIAC 1750 unit because it responds to light v| 

with a range of wavelengths similar to those of the human eve f400-700nmV
m

1mw
tty;

An alternative name for this de vice is the ight Dependent Resistor.} LDR,_ >; ?•i.v
'■’■it

m'-yi.
1Dark Ambient (typ.)

400Q
\

Cell Resistance IMG
7Peak.Spectral Response 530nm

Table 5.6
1

When light is removed from the device, the hole-electron pairs are slow to reform 
and the response is sluggish. This is indicated by the large falling response time.
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Practical Exercise
Characteristics of a Photoconductive Cell

p: 1 5.9-*■ v> -s

Manual

PHOTOVOLTAIC CELLr.W. PHOTODIODEMOVING COIL METER
«<{ O/P O/P0-0 0-010 wwsaujUfi

+IS V
+ O/PO/P.sting of a| 

: with thel 
mil is also 1

0-0
IDUCT1VE CELL j!0T< PHOTOTRANSISTOR

LAiv^ri lameRov.s KJ
V lip: c

WIREWOUND TRACK 
5 6 u B

C POWER AMPKNTIER rr>
6 7 8

74.
A[PB 3 48 I 10) 3 lOkQiXi/p92

(■ Ar HiI
20UQ +5V+ 12V OV

m
■s:

Fig 5.11
t

Connect the circuit as shown in Fig 5.11 and set the 1 OlcO carbon slider 
control to settinn_5 
approximately 3kf>.

so that the Photoconductive Cell load resistance is..t:
[6.

> (reduces/W
'"75s

i% l
3kn >'material J +5V5ft fev

■O
OV OutputXt LDRsulfide

s to light | V h
■o:2r

1). Fig 5.12
■-¥il

riv Connect the digital multimeter on the 20V DC range to measure the 
Photoconductive Cell output voltage. Fit the opaque box over the Cleai 
Plastic Enclosure to exclude all ambient light.

Switch ON the power supply and set the 10kQ wirewound resistor tc 
minimum for zero output voltage from the power amplifier.
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Take readings of Photoconductive Cell output voltage as indicated on the®?! 
digital multimeter as the lamp voltage is increased in IV steps. Record the®! 
results in Table 5.7. m

EvLamp filament 
voltage (volts) 60 1 2 3 4 5 7 8 9 10 m

Photoconductive 
Cell Output

mm?;mm--.v v V V V V V V V V V. K m
Table 5.7 iiwv-

Plot the graph of Photoconductive Cell Output Voltage against Lamp’; 
filament voltage on the graticule provided. 4

© assxw

mm
B»au

5.5
ast.v. r5.0 «\!Photoconductive

Cell
Output
Voltage

i: i7,v;.>4.5 -«?
4.0

(V) 3.5
;iS•>s

3.0
$$$.:2.5

2.0

1.5

1.0 :y$rr,V' •a0.5
V fg d " ■

pitsm
Up?

-.10
0123456789 10 

Lamp Filament Voltage (volts)

Graph 5.4

MS

■i’1

5.9a From your graph estimate and enter the lamp filament voltage when the 
circuit output voltage is 3V.

.-1~'
m•-i»
m

Switch OFF the power supply.©
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6.1 The Linear Variable Differential Transformer (LVDT)
'5;

The construction and circuit arrangement of an LVDT are as shown in Fig 6.1 J 
consists of .three coils mounted on a common former and having a magnetic con 
that is movable within the coils. %i

Secondaries Primary &Primary
Coil Former u BAif ©■yvn YYYj

£ sX Bx ffGSrgfglSi <■ Motion
I* JMagnetic Core Secondariesi •

Connections
Fig 6.1

The center coil is the primary and is supplied from an AC supply. The coils on j||J 
either side are secondary coils and are labeled A & B in Fig 6.1.

Coils A & B have equal number of turns and are connected in series opposing 
that the output voltage is the difference between the voltages induced in the coils.

i iV;:
1 !

!

m
•'ii®
■•ipMm

I ; Fig 6.2 shows the output obtained for different positions of the magnetic core.
r

1: 1AC Input AC Input AC Input 3?mU!i
AA B A B A B mnmq® © © o © G~YYY^ •rr>q TYY^ YYYV Yrvq©1! M

« mOutput Output Output
+ + +

I I/P I/P I/P
j ■ ■■

0 0

+ + +
O/P G /p O/P

Vo o \

I %(a) Co) (c) IFig 6.2
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With the core in its-mitral position as shown in Fig 6.2(b) there should be equal 
voltages induced in coils A & B by normal transformer action and the output 
voltage would be zero. In practice this ideal condition is unlikely to be found but 
the output voltage will reduce to a minimum.

With the core moved to the left as shown in Fig 6.2(a), the voltage induced in coil 
A (Va) will be greater than that induced in coil B (Vb). There will therefore be 
output voltage Vout = (Va - Vb) and this voltage will be in phase with the input 
voltage as shown.

With the core moved to the right as shown in Fig 6.2(c) the voltage induced in coil 
A (Va) will be less than that induced in coil B (Vb) and again there will be

oltage V0ut = (Va - Vb) but in this case the output voltage will be 
ith the input voltage.

Movement of the core from its central (or neutral) position produces an output 
voltage. This voltage increases with the movement from the neutral position to 
maximum value and then may reduce for further movement from this 
setting. Note that the phase will remain constant on either side of the neutral 
position. There is no gradual change of phase, only an abrupt reversal when 
passing through the neutral position.

An amplitude only measurement of the output voltage, such as that provided by 
^mej^y-gives an indication of movement from the neutral position but will not 
indicate the ^direction of that movement. Used in conjunction with a Dhase 
detector, an output can be obtained that is dependent 
direction of movement from neutral position. T’Heo^ciIloscope'gives both phase 
and magnitude indications. '

Fig 6.3 shows the circuit arrangement and device characteristics of the 
D1GIAC 1750 unit.
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Turns per coil 75iJ'/PQ-
O/P Inductance per coil 68 pH■o—o

Output Voltage 10mV/mm from neutral
Mechanical Travel 15mm

ftV:’ OV'x ■rtr LVDT Characteristics

Fig 6.3
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Practical Exercise
v-^/ Characteristics of a Linear Variable Differential Transformer

C- m
■i

pt; gj||£ .jFULL WAVE RECTIFIERA.C. AMPLIFIER 40kHz FILTER
O/PVARIABLE CAPACITORLVDT O/P O/P

RllfiJmvr% \y :

I/P
It?'P oo

il V,sm .
Elil OO

VIIIi/pQ o/pQ-O^ko/pCH^ €11 mu1/P lim
.z=- OV

MOVING COIL METERLATOR4UIJIZ OS i';

O/P *5 5 mAMPLIFIER #1 ^J_LL
-10 v' +10 HoI/p. i^ttVo m

*1.4, n>vumJf
i
inn ((g) I .a mm-- i plr •'

ov■.910
V 1.11

OFFSET CAIN COARSE CAIN FINE
5„;.

Fig 6.4

SfIn this exercise you will measure the rectified output using the digital multimeter 
on the 20V DC range and also amplify and measure it using the M.C. analog f 
meter, as this gives a better impression of the variation of output voltage with core 
position. '-.i

•i*}r-mr'
r-1mi:»va- m

Connect the circuit as shown in Fig 6.4 with the digital multimeter on the 2V • 
DC range to monitor the output of the Full-Wave Rectifier. Switch ON the 
power supply.

©

•Nm
lr

sgj^iSet the A.C. Amplifier gain to 1000.
I ifcSet the GAIN COARSE control of Amplifier #1 to 100 and GAIN FINE control 

to 0.2. Check that the OFFSET control is set for zero output with zero input 
and adjust if necessary.

Adjust the core position by rotating the operating screw to the neutral 
position. This will give minimum output voltage. Note the value of this 
voltage from the digital multimeter and record in Table 6.1.

© m

iff

in
Rotate the core control screw in steps of 1 turn for 4 turns in the clockwise J 
direction (when viewing the control from the left-hand side of the D1750 
unit) and record your results in Table 6.1. Then turn the control screw in the 
counter clockwise direction, again recording the results in Table 6.1.
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'

Core position (tains from neutral) -4 -3 -2 0.ual +2-1 +1 +3 +4i

Digital meterOutput
Voltage

VV V V V V V V V
I Analog meter V V V V VV V V V::.

1 Table 6.1

Plot the graph of output voltage from the analog meter readings against core 
position on the axes provided.

•f
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$1 10 tr

)
I»Vh: •• i iOutput c, 

Voltage 
(volts) &

--- !. ..-— .
i

■
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ii-i 0sew

ieter 7§|
alogjj
core S

-4 -3 -2 -1 0 +1 +2 +3 +4
Core Position (turns from neutral)k;;i-

Graph 6.1
■m

■

j2V
thew 6.2a

«{

Enter your minimum voltage reading from the digital multimeter in mV.

mm? Enter your voltage reading from the M.C. analog meter when the core is 
turned 2 turns out (-2) from the neutral position in V.

6.2bsc

itrol|
QpUtf-

1*1:
Switch OFF the power supply.
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he Strain Gauge Transducer6.5 AA A \j£ggw

amiajB
Fine Resistance Wire Fine Resistance Wire/

\

(b)ft: ?* Sensitive Axismmsmssemm \'OpF ‘ft-: m \ ^3-
SiWK IPV

(c)in
% (a)1 s;

.. Fig 6.8V
•i<

Fig 6.8 shows the construction of a strain gauge, consisting of a grid of fine wire 
or semiconductor material bonded to a backing material.

When in use, the unit is glued to the beam under test and is arranged so that the 
variation in length under loaded conditions is along the gauge sensitive axis 
(Fig 6.8(a)).

Loading the beam increases the lengih-of-ths.
. cross-sectional area fEig 6.8(c)). Both of these effects -will-i.nr.mage the-resi stance, 

of the wire.
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iI Strain

Gauges
Load

Platform O/P

\\X +1vri
tS;

\
/,V Beam

$ OV

& (b)(a)k&i
Fig 6.9

s*. ■
# 1 ••v; The layout and circuit arrangement for the DIG1AC 1750 unit is shown in Fig 6.9. 

Resistors are electro-deposited on a substrate on a contact block at the right-hand 
end of the assembly.
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§g ^ ^ Practical Exercise
Characteristics of a Strain Gauge Transducer'021

ual

STRAIN CAUCE INSTRUMENTATION 
AMPLIFIER

xlllO AMPLIFIER

O/P O/P
lIP

A-B ♦ limv'ixthe j 
\mgj

LOAD

VTOTT^ffcOlL METER' !
5 3AMPJ ERSI u. Ui-10 • s\t> + 10f/p 0/P

'*y> .5
Wj PH.7.J,

..BI .3.

©mu ovo1(1
x a /’ l.n
OFFSET CAIN COARSE CAIN FINE il.•*«

Fig 6.11
'|7«*;

You will need ten similar weights, such as ten equal value coins, to increase the 
loading in regular steps.*

Jge j Connect the circuit as shown in Fig 6.11 and set Amplifier #1 GAIN COARSE 
control to 100.

©
;es..:.;
ige m

Switch ON the power supply and with no load on the strain gauge platform, 
adjust the offset control of Amplifier #1 so that the output voltage is zero.

©m-
1 lll.ri
t it Place all ten of your weights on the load platform and adjust the GAIN FUME 

control to give an output voltage of 7.0V as indicated on the moving coil 
meter.
Note that this value of output voltage should cover all ranges of coins within 
the setting of the GAIN FINE control.

S-li­no 2
:ed»: %■. ■

V
Place one weight (coin) on the load platform and note the output voltage. 
Record the value in Table 6.5 overleaf.

ny* %
%■

nd ;r Repeat the process, adding forth 
voltage at each step and recording the values in Table 6.5.

weights one at a time, noting the output
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• I 3
Number of 
coins

0 1 2 3 4 5 96 10 i7Hi i; Si

0I •
Output Voltage s

V V V V VTable 6.5 V %VV VVI 1 }

'!■

M mi! Plot the graph of 
provided:

i:i: 0ulPu‘ voltageagainst number of coins on the axe§f||§|||i.-
.: i

l

i

! i Output 7 
Voltage 6.5 
(volts)

W*
■»; 6

5.5i ;
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I
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3 *s
2.5

C 2 MM
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Number of coins
6 7 m!

Graph 6.3 -V;
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4m 6.6a fm'Enter the output voltage obtained
■« mm',Vith four coins on the platform. si
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