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Apparatus reguired: -
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g error ers dues to unknown CAUSEs and occur eyoil when &l

hese unknown causes and X
systematic errors have been actcounted for. The only way to offset
thesz errors is by increasing the number of readings and using

taustL:aI means to obfain the bast ""pr::"imation of the true value of.
1e quantily under measurements. ‘

Statistical analvsis:
Thiere are several way to use the statistical analysis like:

o Al ith meLlc mean:

}{: ('.I*{l 5 T e Tk'ﬂ)/n = 2_'/\. /n
LI"metu, mean

1 {2 , a0 @ readings taken.
n: number ofre"d ngs.
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» Deviation from the mean:

The deviation from the mean is expressed 23
dl =X1-X d2=X2-X dn=n-X
s Average deviation: - - S :
.The average deviation is the sum of the absolute values of the deviations -
divided by the nwnber of the readings. a <
it is expressed as:
D=l gl + d2 = + dan Y/
- Standavd devialion
The standard deviation of a finite number of data is given by:
b ar By a2 ' o g B 12
B =i dl "0l T L v o s +dn " )Yn-1)"" - z
' -2 i \lﬂ
5 ={3 di /n-1) '
Prgbable error »
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I g ¥
r=-+ 0.87455 | . o .
ABs. luwre erbov( Ax )
= & of Brius: . .
o — Ny
= A ,{!'. tay
I = Eave =W
Lo SR ik Ty e b s WG
- Bmin. =Y .
a o ——— N 4 . |
S5 TeBZE R SWOr™ Lol s e il = e kK Ly \
- = = i i B
] \"T‘*—-—\—-' 1
& i &

1-2

a/’ i ‘-’a-'—-‘ DD_(_..- MW“"Z V -’:“-(T"\D



S R RS

o

Ay g YT

)

(@R
)
5
(gl
O
~r
s
Cit
(o ]
=
[¢]
=
=
b
7]
5
(@]
|
-
i |
—r
o
140
S
e
-
(44
-~
P
[

Input Current| R Error
voltage (V) , (Calculation)

Error% |

\-w-
~ :‘i\:;

i'\_] i
-3

i zeultealoilate o T U
£ O 30Ur 185U calculate S ErasepesstEace USig
0 L sl
i- Range of error methad:
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il- Arithmetic mean method.

o the mean setimod;
Iv- Average deviation method:
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" TECHNICAL PALESINE UNIVERSITY —KHADOO E-TULKAREM

MEASUREMENT LAB

Prapzred by: E.moharnad dradi

Experiment NO (2).

AC-DC Bridge

o find the unknown inductor by using balance Maxwell Bridg

3-Ta find the unknown capacitor by using batance schering Bridge.

SE] |<.nr"- condition

a) lg=0 ;
b) VYca=Vda or- Vcb=Vdb

At balance{Rx =R3 *(R2/R1) | -

—xperiment Procedure:;

i-Connect the whaat stone circuit'as shown chease (R2/ R1 =2)

Z-Choosa Rx = 10, 1KQ, and,R3 resistance boy, then adjust R3 until iu=0 then find RX Vea,
i ; o7 e ————————— e -
fda, Voo, and Vdb. a
R i = & )
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Application of VWheaisione Bridgse -

L.oon test can be carried out for the location of either a ground or a short

tfault.

28 ity Fom e T 3
HUITEAY wa0p TE3L

Let R=R1+R2 J
At balance condition:R3/R4=R1/R2

[
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It is used to determine an unknown inductancg with stand:d ca

acliance,

%

| Cx = (R/ RZ)*C3{ RX=(Cl/ C3)*R2

Experiment Procedure:

l-connect the circlit as shown with C1=1pf, C3=0.1pf, R1=1 KQ

Z-put unknown Cx and Rx and vary R2 until g=0 then recerd R2

S-repeat 2 with different Rx, Cx
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Experiment NO (3)

Analog muttimeter design

1-Study the operation of amimeter, volimeter, ohmmeter.
2-To find how you can increase the range of instrument.

Apparatus reguly

a
EL

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

Theoretical backaround

The torque on a current loop in a uniform magnetic field is used to measure electiical magretic
field is used fo measure electrical currents. This current measuring device is cailed a moving coll
galvanomester.

STeralatet
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 paraliel 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 tc pass through the iron cylinder, producing the field configuration. The maving cail is hung
from a spring which winds up as the cail rotates; this winding up produces a resteoring torque
proportional to the winding up (or twisting) of the spring, i.e. to the angular deflection of the coil.
The coil comes to equilibriurn when this restoring torque k balances the torque due to the magnetic
field balances the toerqgue due to the magnetic field. Since by design field lines are radial,

\We have sin 8 ~ 1. so tat for equilibrium
{ko=1MBA [ | 7: =(15 wvyﬂ

My o e E e ————




Vaollmeter Design
Some movemeants have full-scale deflection current ratings as little as 50 pA, with an (internal) wire
resistanca of less than 1060 G. This makes for a volimeter

with a full-scale rating of only 50
milliveits (60 pA X 1000 £2)!

in order to build voltmeters with practical (higher voliage) scales from such sensitive movements,
we need to find some way 1o reduce the measured guaniity of h‘agcx own to a level the
movement can handle.

Using Ohm's Law (E=! R), we can determine how much voltage will drive this meter movement
directly to full scale: '

To gat an effective voltmeter meter range in excess of & 95 voli, we'll need to design a circuit
allowing only a precise proportion of measurad voltage to drop across the meter movement.

This will extend the meter movement's range to burw able to measurs higher voltages than before.

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

ffleasuring Higher VYoltage

10000 F.S=50pA

i
|

s
i
AL
i
u

[
(1]

\What we need is a voltage divider circuit to proportion the total measured JJi'L age into a lesser
’,Lm‘;._,r, across the meler movement's connection points. Knowing tihat voi e divider circuits ara
LT Trom series resistances, wa'll connect a rooisior in series with ihe me mc:vernent.

v
Ohimi's Law coula be used to determine resistance (R=£/)) for the muﬁipﬁer'

1.



popularly called an "ammeter” because the unit

of measurement is "amps.”

In ammeter designs, external resistors added io exiend the usable range of the movement are
Connected in paraliel with the movement rather than in series as is the case for voitmeters. This is
Racause we want to divide the measured current, not the measured voltage, going to the
movement, and because cuirent divider circuiis are always formed by parallel resistances.

As is the case with extending & meter movement's voltage-measuring ability, we would have to
Correspondingly re-label the movement's scale sothat it read differently for an extended current
range. For example, if we wanted fo 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 1A to 50 pA as before. Whatever extended range provided by the parallel-connected resistors, we

wotuld have to represent graphically on the meter movement face.

10N0Q F.S=30uA

lack test redl
|

Bl
I<uud

Using 5 amps as an-gxtendad range for our sample movement, let's determine the amount of
paraliel resistance necessary to "shunt,” or bypass, the majorily of current so that only 1 mA will
go through the moveinent with a iotal current of 5 A

10000 F.3=50p~
/-'-".\‘1_"\1
< ] -+
! )
Il ‘ R-:l'_m::
- RVAVLY
5 :1_
i L
Gch red est
lead

Using 5 amps as an extendsd range for our sample movement, let's determine the amount of

paralisl resistance necassary to "shunt,” or bypass, the majerity of current so that only ° 1A will go
through the movament with a total current of 5 A.
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of an chmmeler, of courss, is to mesasure the resistance placed .
eads. This resistance reading is indicated through a mechanical

srnaentwhich operates on tric currant. The ohmmesater must then
|

sourea of voltage to oreais the nacessary current to eperats the

movernent, and also have apprepriate ranging resistors to allow just the right
amount of current through the mevement at any given resistancs.

S tarting with a simple movament and batiery circuit, let's see how it would
functi on as an ohmmeter:

A ]
i e iz

e e Sl A———
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|
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black test - deappsd red st
aad l=ad

Px

of acale deflection then apply this
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Exnerment procegurse;) |

circuit as shown in figure (1).
ieasure 2V, R2 to measure 4V,R3 to measure 8V
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1-Caorninect the circuit as shown in figure (2).

2- Find R muitiptier 1 to measure 1v.

3- Fird Rmultiptier2 to mazsure 10v.

4- Finidd R shunt o measure 50mA. %
53

— . . - i o
5- Find R to measure oo Ko <,
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Expetiment NO (4)

Freguency and phase measurement
Objectives:
1-To find unknown frequency by using standard frequency.
2-To study Lissajous figure.

" 3-To find phase shift between voltage and curren

App ?E"f.' [T veﬁl rlzcn

1-function generator 2-oscilloscope 3-resistor, capacitor 4-electronic kit S-multimeter

13

Theovretical

clkaround

o
R

Mow we get lo the practical part: once we have a source of accurate frequency, how do we
compare that against an unknown frequency o obtain a measurement? One way is {o Lse a .

’“"l'l"

CRT as a frequency-comparison device. Cathode Ray Tubes typically have means of

==k -
XL mieumgjﬁge ec,hog_pg@m in the horizontal as well as the vertical axis. If metal plales are

used to cl tro statically deflect the electrons, there will be a pair of plates to the left and right
of as well as a pair of plates above and below the beam as in Figure heiow.

#

1o o oal - ke b ./ l
1CTIZ0a e 1
. deflection f/’
slectron Taun® plates  / e wi-
electron "gun pPIaLes . ’ view
/ A / / (vacuum) | screen
fsit =it ' !
_:._,—_. ._.::-...‘. L = o '1
_:1._/_' o i
4 3! / ; =l i %
vettical e } '
deflection| - M } light
plates - Jii e
5 i
" }
o
Cathode ray tube (CRT) with vertical and harizontzl defiection plaies.
T we sllow ons :‘3-.‘:.85'"!:'“:31 to ceflect the beam up and down (connect that AC voltage scurce to
ihe “verticel” ceflection plaies) and anothz: AC signal to deflect.the beam left and.right (using’
=

ciion plaies), {:cn:ms will be prr*cvuceo on the screen of the CRT
i

4t
4 . " it St il e ]
indicative of the raiio of i ese two AC T emrrc es. These patierns are calied Lissa; jous fi nuu 2s
and are 3 common means of .‘;ea_sur@-nem in electronics.




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
parfecily in phase with each other (Figure below) :

- OSCILLOSCOFRE

vertical

Lissajous figure'.same frequency, zero degrees phase shift,

If the two AC voltages are not in phase with each other, a s rf/%ght.\line wiil not be formed.
Rather, the Lissajous figure will take on the appearance of ar{ gval, becoming perfectly circular
if ihe phase shift is exactly 900 between the two signals, and if their amplitudes are equal:
(Figure beiow)

OSCILLOSCOPE

veitical
N _'/,. =
T o< GHD AC
Vi { aeyasemromm |
[ nggeEr P
e LEER
{ T —l SRl

iimebase




Finaliy i':" the two AC signals are directly opposing ons
end up with a fine again, only h s time it will be crizniad

below)

QECILLOSCOFE

vertical
\[
[}
’ 0T GHD A0 "
Wiy E———; _ {'\
|
t/

mgger

Lissajous figure: same ﬂ'aquency,r ISO degrees phase shift.

When we are faced wiih signal frequ i
vit more complex. Consider the '01 wing examples and they're ¢
frequency ratios: (Figure below)

o =i e B T N DT oo h
uencies wiat are not the same, Lis
n

- ‘/' Co_GHD -
V.v'dl‘.f —

rrigder
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G e
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i 1 Jx
é'. : T o




The more cr“mM"" the ratio
L%s jjous figur

+a vertical: (F;gure pelow)

OSCILLOSCORE

veltica
; 5
1
ol DL _GHD AT
Widiy i
g er
timebase
} %
e
~t
G2 oz AC

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

. And a 3:2 frequency ratio (horizontal =

0SCILLOSCOPE

variical
=

Lissajous figure:  Hod

Lissajous figure: i

thﬂ)ﬂﬂﬁmme } i

onialiVartc

Horizontal/vertical frequenc‘;-‘ ra

frequency ramo is 3.2

tio is 3:2

s

o between hon,.on.ai and vertical frequancies, th
. Consider the foiloewing illustration of a 3:1 freguency ratio between nerizontal

vertical = 2) in Figure below.

~ ~1 T
e more complex th

)

" i
P\ .. ¥
kg s
il i b
My 2
o I “:ﬂ‘f
[ T st

cases where the frequencies of {he two AC s :gna? are nn* exactly a simple ratio of each
sajous figure will appéar ta"'move,” slowly changing orientation as the
phase angle betweein the two waveforms rolls between 0o and 180c¢. !f the two frequencies are

locked in an exact integer ratio between each other, the Lissajous figure will be_siable on the

view screen of the CRT.
I ]
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CADETIHNENT procenirs
A)-

1- Connect the circuit as shown in figure (1) set ac voliaga3 as a funciion generator with
2V, f=1khz.
2- Connect the two channels as shown and be sure to inveri channel two.

3- Press x-y mode and from wave find the phase shift betwesn voliage and current.

.t iy u':'n ‘\t“ =
CH1 i/ &)
L%
E It
A=1KQ =

,/' AR
o B O L —————e
veinph/ )

F e

E-"i}__

[-connect the circuit as shown in figure (2).
] \&=/

Z-set fx="1khz then vary fs in order to find any Lissgjous Tigures the find fx from this equation.
g B e g S e B e
i sur § TR SR PR & % O B ]
Pix=fe(NH/NV) G (1) w4 T B Ty Sl <A m " TARY / \
s & ! iq 173 f/! E-,"" o T ( "
: st B T SR | e o A8 Yot
g XY 4 -y - \ —-(;‘ 'y
Ao | 5Ny
- £
| ¢ — T} TR
- =) e e
A f ‘ - \ J _?f,? - .‘_? ;"\ i i
* b R T T 7 T
i Al i Jr . - o,
NP SOUEPERR.
_ P \ Al
™ i \ :
= A | e e
; " B T S R (Fr AR,
L e R, e —
B ,I:f‘. fk? J') 4l }-J ]
1:' . ‘l el & v Szl |(
.; é’;' " “_‘_'_'.:;':_‘i 5|( o : 54‘&’;1
b iaa? igurel2) B R
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741-opearation amplifier
Objectives:
1-Study the operation of op-amp 741.
2-To study cp-amp as an inverting amplifier. |
3- To study op-amp as non-inverting amplifier.
4- To study op-amp as summer amplitier
Apparatus reqﬁired: o
it 5-multimeter
B-dc power supply
Theoretical background » ; C

The general symbol of the operational amplifier

&, N -
f‘\‘__ ‘
. 2 e el 3=
-1 . { '—\\-\, £ __.‘_...—
‘|\r.‘{'s~'1 s 5 T ek
. [
e r
s . ef
i\
: LA
P \ i 4
- \ {
fJ-‘_ § },,r’ 4

-

he IC used to represent this operational amph er is 741 which has the following terminals

Ve | e
i j B o o
/ T_L_J/ & & L I R T
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L
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riegrated circui
ircu

'L .
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quently usad fines

i
parational amplifier ¢

—

m

1-the inverting amlifier ="
2-non-inverting amplifier

Operztional ampelifisr ideallv has

1-infinite input impedance (open)
Z-infinite voitage gain
3-zero output ’D"Otddﬂ

Onperational amplifier practically has

1-Very high input impedanc

2-very high voltage gain
-very srnall cutput impedan

Experiment procedure

inverting ampiliiier

Construct tne following circuit

: o \
it : l Kt 4i5v |

2 T . E \ E -‘\L_‘__\ i, '\‘

PR - 1 A S

e s - Y __,__.j_ﬁ——-o v

o [ 2l = -.',1> .

L. e 3t f 3
() Ll ™ o
L)y [ L™ -1¢Y o
-——")""_—- T ‘Tf"

-use a function genarator as an ac source and adjust it to 2Vp, TKHZ.

2-for Rf = 1KQ observe both signals.Vs and Vo using oscilloscope on the dual mode and
jgure on your grapn Daper. '

/ e bk - \ :
, '-Jc}tagsgﬂggmi.“\ v=(\V oL\" )Wn ¢ notice from the graph by the vaiue you get from
S




Construct the following circuit

1-Repeat inverting proceduras from 2-4

e
2-compare  the vohaqe UemrA\r = vmw you notice from the graph with the veoltage gain

gctnom the formulal Av J—(Rr/[“n)
P

r—————“ Ra®
ri‘; ’.l\ Ao

S =k !ﬁ }

o \1\ \
7:‘{/ :—/ ————
i ] Ve,
e ;
s
£
A |
= . ¥ ] - \"\‘
Summer ampiifier v
- o,
1 " = o 4 !\\. r )
Consiruct the oifowing cirgiit LY .
,,v '.'&\':_i: \‘_,"n
N “L_\ ¥
o
e {1\" _f'=/'oar‘/'~
" X
z ._.J,‘,f\_’,\ L
O LTy £ \
{ 1: w3 ..‘Lf! I i
— —a 01 1y __‘.\‘“-\ -+ l'f‘rU \

[ Kit 2 __l__’ T % r
= ", ]

1-Adjust the oscilloscope 10 zero dc lavel before connecting to the circuit

2- Observes Vo and then draw the following

Vo when the de source off and Ac sourcea on

Vo when the dec source on and the Ac source off.
Draw Vo if dc source 2nd Ac source on

3-Cempare Vo in pari (2-«; 0 the vaiue you can get from the farmuia

fros 1}
- .:)

nvo
)

oLl
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Experiment NO (&)
Functlion gensrator
Objectives:
1-Study the operation of function generator.

2-To studies the construction of function genarator.

-To studies zero level detector and integrator.

=741 op = ﬂm'mi amplifier 2-oscilloscope 3-resistors and capacitors 4-electronic kit

= LS

HgLTE

functisn generator canstruction

T zing zern level ineqratar
vl wi2 E Cm - o =
oscillator detactar I
; i l triangular
sing rectangular




Condliions of oscillation:

2 shift around e feadback loop must be effectively 0°

)
[0
_‘F
0
wn

he voltage gain Acl, A round the closed feodback loop must equal 1

\\‘\_’ \""\-..
TN VO T~ wo
{— e Ay T—
o gt
1 e ‘,,f",

nhase =0 Acl=AvE = 1
;""‘\j feedback
Starting of ascillation
- 7
/'\\‘ (" ’\\‘\1_ f/ \ﬁ 7 \\\
I R b % =
{ \/ l L
I e i) ~ N
et Acl=1

AY The Wien bridge oscillator

One type of zinusoidal feedback oscillator js the Wien bridge oscillator. A fundamentai part of
Wien bridge cscillator is a lead-lag circuit like that

- =
IrCh CZ Vaut »

~ Yfout 4 pa
m voul iAVin F---—-=

.
Pl
<
j
{5 .
VA
]
8]

-

- from the lag portion of the circuit; R2 and C2 from the lead portion. The
f ihis lead-lag circuit is as follow. At lower N:qupn':zes tha lead circuit dominaies

I e L A P A s fr cuen = =Cr +
high ince of C2. As the frequency increase, XC2 decrease thus allowing the

'oincrease. At some s ucﬂed frequency, the respc'ﬂ z uf the lag circuit takes
cre vaiue of ‘r<C1 causes the output voltage to decrease.
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L
M
o
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5,___..........ﬁ_._.‘......_..._________n______“
[his circuit in figure(2) is a self starii ngwien oridge 0sc Hﬂxor‘m ice that the v
. 3 L ....-_-.

o :
been modified to include an addifional rEsisor 23 in paralzl with a 'back ~t0 —back
zenecdicde arrangement .when dc voliage is first :‘pplled both z&nér diodes ear as

This places R3 in series with R1,thus increasing the closed-locp gain of the amplifier as follows
(R1=2R2)

-
h'“_‘*-\i___ ot
ey
4';’(
Lo
i ,q'h_{'
L1 ps
i }—f‘vﬂ\.’(\;‘J )
L b
5F =gy U
\ l‘ B a8 S T J.__‘.
1N "’{ jeinF
figura(?)
B) Zero level detector
One appiication of op-amp used asia. mmgarmof is-io determine when an input voltage

exceads a certain level, Because of the high open-loop voltage gain, a very small dmeremce

voliage between.ihe-two inputs ; drszs *he al@hn@r mto uaLuratlon causing the cutput vohag@
bl LS

L

to go 1o its limit as shown in figura (".
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Pl iment nyoce iure
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1-Connect the circuit shown in figure (2) set R1=2K(}, R2=1KQ, R3=1KQ,C1=C2=0.1pF
R4=R5=1KQ

Find the output frequency by using oscilloscope.

“Which elements effect on the value of frequency. b
ey P
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figure(2) : =
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1- Connert the circuit as shiown in figure (5) set ac scurce as funciion generator with 4Vp and
f= 5@nz ez | 2

2-Find the output of circuit by using osciiloscope

Find the ouiput voliage m=ax and min what do you conclude

o out




Cne '_pg‘h_ax.on of Dp ciﬂ".pl‘i_ls_g,d as an integrator it integrate any signal for example pulse wave
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1-Cannect the circuit a

" 2-Find the cutput volt
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3-Enter sine wave and triangularwa

_\;I..El

s

=5 shown in figure (6) .

scilloscope, then find it by
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Chapter 5
Light Sensors

- Objectives ¢
- this Chapter

Equipment
Reguired for

4

aprer

]

i

ing studied this Chapter you will be able to:

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.

DIGIAC 1750 Transducer and Instrumentation Trainer.
4mm Connecting Leads.

Digital Multimeter.

Opaque box to cover the clear plastic enclosure.

-]

~1



5 The Incandescent Lamp

The light source to be used in the experiments is a tungsten filament lamp. The

1
AAij s

filament glows more brightly as the poy:zr fee ing_the lamp is increased. Two
factors will be affected as the lamp vo.*zge is increased:

1. ture of the 15 proportional to the mput power. Power

varies with the square of the voltage and is also affected by the resistance of

the lamp, which increases as the filament temperature increases (it has a

positive temperature coefficient). i
Z.

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 i frequency (red — orange —
yellow . . . ) as the temperature is raised.

These factors make it difficult to be too precise about the response of the sensors 2
which will be investigated. i

In order to determine the response of the filament lamp an acceptable reference
must be established. The photovoliaic gell is a linear device, the output short

circuit current being directl ional to the luwminous flux (lux) being

received.

5
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Practical Exercise

The Filament Lamp

MOVING COIL METER

NSISTOR

7w

Digila[" Multimeter

+12V /@—O ov @—O

&  Connect the circuit as shown in Fig 52 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 102 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 1V steps. Record hc results in Table 5.1.

I filament V - |
L 1 2 |2 {4 Vs e |7 s 1o |10

voltage (volts)

Lamp filament
current (mA)

Lamp filament
power (mW)

Lamp resistance

(£2)

Table 5.1

30




+I),kecording the results in Table 5.1.

&  Calculate floogoiresponding values of lamp ﬁlamennd

@

Plot the graphs of lamp power and resistance against applied voltage on the

graticule provided.

800 3 l 200
750 190
700 l 180
Lamp g5 1 170 _ Lamp
Power r ‘ ] ___Resistance
(mW) 600 ‘ s 160 )
550 150
500 140
450 130
400 120
550 110
300 : 100
250 : 90
200 30
150 70
100 60
50 - 50
0 40
01 2 3 4 5 6 7 8 9 10
Lamp Voitage (volis)
Graph 3.1

From your graph estimate and enter the lamp voltage necessary to give a
power dissipation of 256mW.

From your graph estimate and enter the resistance of the lam
the applied voltage is 4.5V.

b=
Yoy
i e
|l
-
8
o
=1
'
=
=
mn
=

&  Switch OFT the power supply.
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5.4 Photoveltaic Cell

-

'1
A photovoltaic cell is one which generates an EMF w ato-if.

Depletion}:
"~ Layer

Ihe, }unctlon, at the deplctlon 1 ayer, i
hole-electron pairs which diffuse across the junction.

=,

The thin layer, which is only lightly doped, rapidly become@and charge
carriers can be released into an external circuit to form a  current, pushed around
the circnit by the force (electro-motive force, EMF, electron-moving-force) of the
surplus of charge carriers released by the energy absorbed.

200

-150-—\

Anode \10,000 lux \:!\/l—\
.Cm'!ent  -100- ‘ ; }
{microamps) \ k‘/nzl:_—
R
:50— 2,000 hux \
_\\

Symbol
. \

+3

Anode Voltage {volis)

e

o
Ln

LN

Note that the anode current is shown as negative because the intemal current .
inside any source of EMF must flow with opposite polarity to the external current,
the electrons arriving at the anode retumming to the cathode inside the photo-cell.

29
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The hax referred to in Fig 5.4 is the unit of incident light (light aniving at the cell).

o/p
=il

i

=g

oV

Cireuit Arrangement

Figs.5

Characteristics of Photoveltaic Cell Type MS5B

Open circuit voltage (in sunlight) 500mV
Short circuit current (in sunlight) 10mA
Peak spectral response wavelength {840nm (IR)! Note: IR = infra red
Response time 10ps
Table 5.2

If the output of the cell is short circuited there will be nc output voliage 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.

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

. To increase t voltage, cells may 1 d
C_eialjﬁl'c,gimectmn allows a greater current to be drawn.

When used as an energy source they are known asISoiar Cells. !
Note:

For the characteristic to be linear it is necessary for the light output of the lamp to
be of constant light frequenc specjﬂgg}g}:)/and for the hght output (in lux) to

be directly proportionai to the power input.

co
(5% ]
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5.5 Practical Exercise
The Photovsltaic Celi

PHOTOVOLTAIC CELL

o/e

or/p

S
NSISTOR

Fig 5.6

@

Connect the circuit as shown in Fig 5.6 with the digital
{ammeter) on the 2ZmA range to measure the short circuit currentb
the Photovoltaic Cell output and Ground. Fit an opaque hox over the

Switch ON the power supply and set the 10kQ wirewound resistor to
from the power amplifier.

minimum for zero cutput voliage from the
fs i N
Take readings of Photovoltaic Cell{Short Circuit QutpuT Curreng as mdicated
on the digital multimeter as the lamp voltage is increased in 1V steps.
Record the results in Table 5.3.

Lamp ﬂ:ament 0 1 9 3 4 5 5 5 g g 10
voltage (volig)
Short Circuit
Qutput Current pPAL pAl pAl pAl pAl wAl pAl pAL uAl pAl pA
Open Circuit
Output Voltage A% Y Y vV - ¥ v v 7 v v

Table 5.3




Switch OFF the power supply, set the multimeter as a voltmeter to read the
Open Circuit Qutput 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.
1100 { :_l 1.10
i
1050 . 1.05
1000 : ! 1.00
950 i 0.95
Photovoltaic Cell 20 - Photovoltaic Cell
Short Circuit 850 0.85  Open Cireuit
Outpvz;i;lrrent 200 : 0.80 Outlz(:fil‘;g]tage

750 0.75
700 0.70
650 0.65
600 0.60
550 0.55
500 0.50
450 0.45
400 : 0.40
350 4 0.35
300 0.30
250 ir 0.25

i ;
200 ‘ 0.20
150 ‘ 0.15
100 0.10
50 0.05

0 0

01 2 3 4 5 6 7 8 9 10
Lamp Filament Voitage (voits)
Graph 5.2
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</ 5.5a From vour graph estimate and enter the short circnit cutput cu
o 2 I

when the Lamp filament voltage is 7.5V

by k=

@ hSh Avre the graphs linear?
ﬁl Yes ] ar I No |

@ Switch OFF the power supply.

5.6 The Phototransistor

The construction and circuit nsed are shown in Fig 5.7. The device is an NPNZ

22 Ais 10 Q.

three layer semiconductor device similar to a normal transistor, the regions being;:
called emitter (e), base (b) and collector (c).
RPN 3§
v
) Incident R b
SR Light | Output
1ghot \E\{%\ "
r\
. 5
¥ |+
Lens Lov
Fig 5.7

The device differs from the normal transistor in allowing light
1egion, focused there by a lens.

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

‘With no light falling on the device there will be MW
due to.the v generated hole-electron pairs and the output voltage from the
circnif will be slightly less than the supply voltage due to the Voltage drop across
the load resistor R. :

e e i
g ,—/_,-4/:
TR P A e F
L i ¥ z
B A9 ).r:) e
giel]” e~ Lcé
s
86 &z &



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 {0 give a large change in the col

the collector

leakage current.

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

Ef—out b Iceoﬂ

V = Supply voltage, Iceg = Collector leakage current, R = Collector load
resistance.

where:

Fig 5.8 shows the circuit arrangement for the DIGIAC 1750 unit.

o/F

e s

s

‘t‘!’ie
Y

Fig 5.8

The main characteristics of the device are:

Type MEE1Z

Collector Current Dark 100nA

Vee=5V) Typi.cal 3.50mA
ambient

87
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5.7 Practical Exercise
Characteristics of 2 Phototransistor

MOVING COIL METER ] P.I.N. PHOTODIGDE PHOTOYOLTAIC CELL

/e

-0

‘ J orr_
PHOTOCONDUCTIVE CELL PHOTOJXANSISTOR

LAMP FILAMENT /ﬁm
7

T
(=8
('
o

®

Connect the circuit as shown in Fig 5.9 and set the 10k carbon slide

e =
control to minifx/mnrﬁetting (1) so that the Phototransistor load resistance is-
pproximately \;ljig.‘znﬁnrotec.tion resistor only).

EAL Al R B v

il

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.

& Swiich ON the power supply and set the 10k() wirewound resistor to
minimum for zerc output voltage from the power amplifier.

N

Take readings of Phototransistor output voltage as indicated on the digital

multimieter as the lamp voltage is increased in 1'V steps. Record the results in

oo
{o5]



At

1al

Tempfilment [ o [ 1 [ 5 (3 |4 |5 |6 |7 |8 |9 |10
voltage (volts)
Phototransisto: |
Output Voltage vi vl vl vl vl vl v vl v v| v
Table 5.5 . - .
@  Plot the graph of Phototransistor Output Voltage against Lamp filament
voltage on the graticule provided.
5.5 \ :
T T
50— = t :
Phototransistor i
Qutput 4 ;
VO!tagE 4.0 J
V) !
3.5 :
3.0 W -
25 |
2.0 ‘
1.5 :
1.0
0.5
0 '
0 1 2 3 4 5 6 7 8 9 10
Tamp Filament Voltage {voits)
Graph 5.3 J
From your graph estimate and enter the filament input voitage when the
3 graj p g

Phototransistor output voltage is 2.5V.

As the filament input voltage increases the phototransisior ou
B g B

levels cut' at approximately:
-l Ac_c

[a] 4.5-5.5v o] 3-4v [c] 1.5-25v

&  Switch OFF the power supply.
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5.8 The Photoconductive Cell, LDR

semxconductor disc base with-a gold overlay pattern making contact with thae

semiconductor material. The circuit amangement for the DIGIAC 1750 unit is alsq
shown.

Contact g S Contact \.g:é

<\

Gold Contact Fingers Circuit Ammangement

Fig 5.10

!

. ™
@ A{ &) /% ‘he resistance of the semiconductor material between the gold contacts @;c\gs
A when light falls on i

With no light, on the matenal, the resistance is high. Light falling on the material
roduces hole-electron pairs of charge camriers and reduces the ress

Qut of the various semiconduc materials availiable, 2 cadmium sulfide
uhg@ggmmm@_ggj 1s used on the DIGIAC 1750 unit because it responds to light |

»wth a range of wavelengths similar to those of the human eye (400-700nm).

!/’N L
An alternative name for this device is the Light Dependen Reszsrur LDR,
M_fﬂ
Dark Ambient (typ.)
Cell Resistance IMQ 40002
Peak Spectral Response 530nm
Table 3.6
When light moved 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.

)

o
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Practical Exercise

Characteristics of a Photoconductive Cell

MOVING COIL METER v \‘ PHOTODIODE PHOTOVOLTAIC CELL

OfP

o0

O/P

!f POWER AMPIYIER

P

Fig 5.11
L.

=S

@ Connect the circuit as shown in Fig 5.11 and set the 10kQ) carbon slider
ccmtrol to setting 3 so that the Photoconductive Cell load resistance is
ommatelﬁ 3kQ. /
\/

sulfide
s to light

-
Mot

Fig 5.12

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

©  Switch ON the power supply and set the 10kQ2 wirewound resistor

minimum for zero output voliage from the power amplifier.
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® Take readings of Photoconductive Cell output voltage as indicated on the

L 4 4

digital multimeter as the lamp voltage is increased in 1V steps. Record the
results in Table 5.7.

Lamp filament
voltage (volts)
Photoconductive |

Cell Qutput N vV v vV v \4 Vi Vv V
Table 5.7 ' ) '

&  Plot the graph of Photoconductive Cell Cutput Voltage against
filament voltage on the graticule provided.

545
5.0
Photoconductive
Cel 4.5
Cutput
Voltage e
) 340
2
25
2.0
1.5
1.0
0.5 : — —
" | || ||
g 4 2 3 4 5 & 7 & 9 1D
Lamp Filament Voliage {volis)
Graph 5.4

From your graph estimate and enter the lamp filamen? voltage when the
circuit output voliage is 3V.

®  Switch OFF the power supply.
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Chapter 6

6.1 The Linear Variable Differential Transformer (LVDT)

The construction and circuit arrangement of an LVDT are as shown in Fig 6.1

consists of three coils mounted on a common former and having a_magnetic cf
that is movable within the coils. E

Secondaries Primary

Tt /  Coil Former ey

e

| i / ® o
T e bowde o

i R | A B |- .

i R BRRRS 'l : B — Motion
i Magnetic Core [ Secondaries

% Connections

£ Fig6.]

b 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 so
; that the output voltage is the difference between the voltages induced in the coils.

fa

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

AC Input ' AC Input AC Input
|

B

-
|

ANVA

2

-E:)—
<::'-:3 +




With the core in its,central 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 (Viy). There will therefore be an

output voltage Vout = (Va - Vp) 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 (Vp) and again there will be an

output voltage Vour = {Va - Vp) but in this case the output volage will be
antiphase wvith the input voltage.

Movement of the core from its central (or neutral) position produces an output
voliage. This voltage increases with the movement from the neutral position to a
maximum value and then may reduce for further movement from this maximum
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 a
meters-gives an indication of movement from the neutral position but will not
indicate the direction of that movement. Used in conjunction with a phase
detector, an output can be obtained that is dependent on both magnitude and
direction of movement from neutral position. @ES both phase
and magnitude indications.

ig 6.3 shows the circuit arrangement and device characteristics of the
DIGIAC 1750 unit.

i

—
Turns per coil 75 |
nductance per coil | 68pH
Qutput Voltage 10mV/mm from neutral |
Mechanical Travel | 15mm l
LVDT Characteristics

—a
L e
[




Chapter 6

et o e e
e T et e e e e e R

Curriculum Manuy

@ Practical Exercise
Characteristics of a Linear Variable Differential Transformer

Y gt

i

491Hz osi\KLA

Y

TOR
o/p

A.C. AMPLIFIER 40KHz FILTER FULL WAVE RECTIFIER
VARIABLE CAPACITOR or o oIP
1 P i o, P
AV Ivixl
%
v
ov

MOVING COIL METER
r

@

21 1.0
GFFSET GAIN COARSE GAIN FINE

In 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

meter, as this gives a better impression of the variation of output voltage with core
position.

@

b

8

Connect the circuit as shown in Fig 6.4 with the digital multimeter on the 2V

DC range to monitor the ou ‘p of the Fuli-Wave Rectifier. Switch ON the .
power supply.

Set the A.C. Amplifier gain tc 1000.

Set the GAIN COARSE control of Amplifier #1 to 100 and GAIN FINE control

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.

Rotate the core control screw in steps of 1 turn for 4 turns in the clockwise

direction (when viewing the control from the left-hand side of the D1750

unit) and record your results in Table 6.1, Then tumn the control screw 1o the

counter clockwise direction, again recording the results in Table €.1.



B

[ I

Core position (fums from neutral) .} -3 =7 -1 0

+1 |42 |43 | +4

Digital meter

Output v v AT v v s AV v AY;
Voltage 4
Analog meter
- vl vl vl vl vl vl v| v| v
e
~ Table 6.1
@  Plot the graph of output veltage from the analeg meter readings against cors
position on the axes provided.
I —
Output g ' z = ISR S N
Veltage : i i
{voltsy & i ', [ i i e
71— ‘ e e
i ; :
! i ! : i
. N M s R
i i H H
el ! b by o
o | 1 T
! ;
4 S—
- i i J
2 i i
2 LI S
I
i B e
i i : i i i
g :
<4 3 2 -1 0 41 42 43 4
Core Position (furns from neuiral)
Graph 6.1
6.2a Enter your minimum voltage reading frem the digital multimeter in V.

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

@  Switch OFF the power supply.

—
<
(55




Fine Resistance Wire s

N
| v L e e e ST | T o

\(b)

Fig 6.8

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 18 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 length of fhp_gauag%;e_an%m

. cross-sectional area (Fig 6.8(c)). Both of these e sistanc
of the wire.
Load Strain
Platform Gauges

Beam

() b)
Fig 6.9

The Jayout and circuit arrangement for the DIGIAC 1750 unit 1s shown in Fig 6.9.
Resistors are eleciro-deposited on a substrate on a contact block at the

e right-hand
end of the assembly.
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a6 Practical Exercise
" Characteristics of a Strain Gauge Transducer

STRAIN GAUGE INSTRUMENTATION 1100 AMPLIFIER |

AMPLIFIER

o/p

LOAD

Firoom

glAl\y/ R¥1

i P

i

i

i :

g ’ A5 1.0

E OFFSET  GAIN COARSE . GAIN FINE
Fig 6.11
You will need ten similar weights, such as ten equal value coins, to increase the
loading in regular steps.:

©  Connect the circuit as shown in Fig 6.11 and set Amplifier #1 GAIN COARSE

control to 160.

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.

Place all ten of your weights on the load platform and adjust the GAIN FINE
control to give an output voltage of 7.0V as indicated on the maoving coil
meter.

Note that this value of ouiput voltage should cover all ranges of coins within
the setting of the GAIN FINE conirol.

e

Piace one weight (coin) on the load platform and note the output vol

tage.
Record the value in Table 6.5 overleaf.




2

Number of
coIns

Output Voltage

v Vv N \

Table 6.5

Vi vl vl wv| v| Vv

@ PIGt the al’aph Df out .
provided: put Voltage against number of coins om t

Output

Voltage g 5}—1 |
{volis) \\I

6f——

25

5
5

A

[F%]

™

—

4
B
2
5
2
&
1
5

0

O0 : - s

i
ot
)

4 5 6 7 3 9 10
Number of coins

Graph 6.3

Enter the gutnot voltace obia; .
' o hed with four coins on the platform.

Your characteristic sketch jg D103t similar to:

7 ol

A biF el a




