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A Sine Wave Waveform (analogue waveform):

+A
+A-'}"BK ‘
) " Sinusoidal
= ¥ T Waveform
& Fasitive [ a |
3 Half Cycle \! 180-360 _| time
= —t + .
Ea |l o180 X Bl
I
Arax F E=. "IN S L : 1
-a Y “One Fult Cycle or Period (T} | Second Period (2T)
| — . - - -

Waveform_period «T): the time it takes for electrical

waveforms to repeat themselves .Units of periodic time,
(T) include: Seconds. (s), milliseconds (ms) and

microseconds ( s ).

Waveform frequency (F): If We"__iakg- the reciprocal of the

period, (1/T) we will get the number of times that an
electrical waveform repeats it self in or;e_: s@gnd or cycles
per second, and this s cdzr;nrﬁgrﬂy_’ known
as Frequency with units of Hertz, (Hz). 1Hz is exactly

equal to 1 cycle per second.

1 e 1
Frequency = — or f=— Hz
Periodic time T
oy e 1 I
Periodic time = — or T =_ secC
Frequency f

Where: fisin Hertz and T is in Seconds.
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One Hertz is exactly equal to one cycle per second, but

one hertz is a very small unit so prefixes are used that

denote the order of magnitude of the waveform such
as kHz, MHz and even GHz. |

“ : : Time
Prefix: = Definition Writtenas
F N Period
Kilo Thousand |kHz 1ms
Mega Million MHz lus

Giga Billion GHz Ing =
Tera Trillion THz Ips

Digital Electrical Waveforms :digital waveforms are

used in digital logic and microprocessor electronic circuits

for clock and timing control signals.

A special case of digital waveform is a Square Wave

Waveform is shown below :
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Pulse e s :
: Rising or Falling or
+A. Wi : Leading Edge Trailing Edge

Negative
Half

Positive

Amplitude Half

One Cycle or : T 2T
Period - |

in squa}e_wéveform , the positive pulse width (time) must
be equal to the negative(or zero ) pulse width (time).

Digital Wave "D'u_tv' cycle " : the time of the positive
pulse width is known ia_,s;Jf_;In:e‘. “Duty Cycle” of the period.

Example. : for a digital wave %&:é{;ejorm with positive or
“ON” time is equal to (0.5 m sec) ,and the negative or
“OFF” time is equal to (0.5 m sec) .Fina*:__ £~

1) duty cycle .

2) wave form frequency . " N

solution : 1) the duty cycle can be calculated using thé

following formula:
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" |' ton
. ‘N + tDFF
tON = 0N time
Eore = OFF time
f o~ tQFF = TR period

duty c}g::ig:; (0.5) 7 (0.5+0.5) = 50% .
2}35 frequency s equal to the reciprocal of the period,
(1/T) we can def ne;he frequency of a digital wave

waveform as:

Frequency =
i 'iN” i-lfﬂa' + __’_” -e” hr'np

- Frequency = 1/ (0.5 exp -3+ 0.5 fexp;&) = 1000 Hz .

Example :a Square Wave electrical waveiorm has a pulse

width of 10ms, calculate its frequency, ( f ). =

s'o!ution :for a square wave shaped waveform, the duty

“cycle is given as 50%, therefore :

petiod of the waveform = T = 10ms + 10ms = 20ms

i ¥ ] :
i i o
Frequency = - = ___ ="50Hz
Ec“’ﬁi‘md i{ag;;} E i ;,ﬂ,:, :



Instruments& Measurements lectures by:Firas A.Kareem(2019/2020)MUC

If the duty cycle of the digital waveform is any other
value than 50%, (half-ON half-OFF) the resulting

waveform would then -be called a Rectangular

Waveform or if the “ON” time is really small a Pulse.

Pulse ) )
+A | wicth ! Different width :

=
45 £ Negative
&3 Half ,,
g <y
o | — e -
% =1 i
Rl One Cycle or Period !
|- - —|

Example : a Rectang;;&afwaveform has a positive pulse
width (Mark time) of 10ms and a duty cycle of 25%,

calculate its frequency

solution :the duty cycle is glven 33 25% _or 1/4 and this is

equal to the mark time which is 10ms f’rg!en ™

period of the waveform = T = 10ms + (75% T) £ 400% T)

T = 10ms (25% T) + 30ms (75% T)=40ms . =~

Fréquenc}r = _ 1 — 1 — 25Hz ‘—;f_::
- Pericd 10mS + 30mSs

Example :you have an oscilloscope with
. Y-gain (volts/division) =1 v/div.
. Time base ( time/division) = 0.002 s/div.
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Calculate the peak voltage ,period and time of the

‘following waveform :

Uﬂl"

{

solution : =

P:ea%_-sg@(fﬁe)e_

K; - Eine ?uiod I

The peak voltage (amplitude) = 3 squares x 1 =3V.

The time period (T) = 8 squares x 0.002 = 0.016 s.
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We can calculate the frequency (f) ‘in hertz (Hz) using

the equation below;

-

T
=1 divided by 0.016 = 62.5 Hz

~

: ExampFE:yEu have an oscilloscope with
.. Y-gain (volts/division) = 0.5 v/div.

. Time base ( time/division) = 5 ms/div.
Calculate the pedk-veltage ,period and time of the

following 7 waveform

solution :
The peak voltage (amplitude) = 4 squares x 0.5 = 2V .

The time period (T) = 4 squaresx 5ms =20 ms .
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We can calculate the frequency (f) in hertz (Hz) using

the equation below :

1
fe==

r thus f= 1 divided by (20 exp-3) = 50 Hz

Units of Measurement :

The units by which we now measure physical |
quantit’iﬁié called the S.1. (System International) system
established in 1960 The following are some of units
that we will need in our study :

Metric Prefix Table : =~

Prefix Symbol Muiltiplier Exponential
tera T 1,000,000,000,000 - 10"

giga G 1,000,000,000 —10°

mega M 1,000,000 10° * _

kilo k1,000 10°

hecto h | 100 102 == |

deca da 10 10" N
| 1 10°

deci d 0.1 1071

centi c 0.01 102

milli- m 0.001 10 3
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micro p  0.000001 10 ®
nano - n 0.000000001 10 °®
pico ( 0.000000000001 10 12

Basic_Electrical Formulas and Standard Electrical

Units : _

ivrmEBic

Voltage Volt . | VorE

Current | Ampere | lori

Resistance | Ohm | ¢Re0BQ

Conductance| Siemen | G or 1@

Capacitance| Farad C N

Charge | Coulomb Q AT

Inductance | Henry LorH

Power Watts w f #

Impedance Ohm - y4

Frequency Hertz Hz
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Measurement Systems

Block diagram of measurement system :-

Physical

quantity Sonal
—pp———at Sensor P ignal - =
= processing
Environment -
= ey =" Signal

. % \\___—_/ transmission |

Signal
presentation
or recording

.Elements of Measurement System

A measuring system exists to provide information about

the physical value of some variable being measured.

Elements of a measurement system:-

measuring system consists of several separate elements
as shown in the previous figure :-

1. Sensor :-that converts physical quantity level to be
measured to an electrical signal .

2. Signal processing elements :-
exist to improve the'quality of its input signal .This
element is needed in both environment and user

sides.

10
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3. Signal _transmission :-is needed when the
observation point away from the site of the sensor

otherwise it will not be needed .

4. Signal presentation :-It is the final stage in which the

user will make use of the measured data in any way
that is suitable to him .

Active and passive instruments :-
Instruments are divided according to whether the

mstrument contams or not a power supply as :

1- Active: contains a power supply .Example ,our home
Voltmeter and Clamp on meter ,both of them needs a

battery to be operated .

Fuel gaugﬂ |
(meter) =7 f‘f_ﬁzﬁ; rrlal
< | Source
_ Measured Slgnai £ )
Fuel storage tank ; -

The energy in the output signal comes from the
external power source .

Has higher reading quality and cost .

2- Passive : does not contains a power supply . Example

11
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,our home Car tires Pressure meter and Temperature
meter ,both of them doesn't need a battery to be

operated .

The energy needed in moving the pointer is derived
from the quantity- being measured .There is no
external power supply used._.Has lower reading quality

and cost .

Analogue and digital instruments L
Measurement devices could be divide&i:éc;ctlrding to the

nature of their output ,as following :

1. Analoque instrument :- gives an outputf that-varies

continuously (not discrete) as the quantitgf bging
measured changes .Pressure gauge ,temperature
meter are good examples (pointer moves in front

of continuous scale ) .

12
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Instruments& Measurements

%2 "Digital instrument :-has an output that varies in

" discrete steps or values .The digital voltmeter and
digital blood pressure meter are examples (give

read"i'hg as discrete numbers ,they are not contain

pointer in front of continuous scale ) .

Important Sources of instrument réading:"-‘error b

1. originally found in the manufacture%?ofgf_tr;eﬁnstrument
because of tolerances in the components of the
instrument. oy

2 wear in instrument components over a period of time.

3. effect of environmental disturbances like humidity
,dust .

4. Connecting leads :In connecting together the

components.
5. routing of cables :this also needs careful planning

13
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such that signal cable rout must be kept away by

suitable distance from the following noise sources :

a) mains-powered equipment and cables.

b) fluorescent lighting circuits.

c) equipment like ( telephone , loudspeakers |,
wireless mobiles radios).

d) switching of nearby d.c. and a.c. circuits, and

corona discharge .

Random error : In some experiments, the results shows
variation from one to another, because of errors found in
each reading .

The cases of these errors : arenot recognized, therefore

the elimination or reduction of these errors are not
possible ,but their effect on measuren{ent reading
accuracy could be minimized by taking thé reiadfing many
times ,as number of reading increased the' effect of
random error on measurement accuracy will be
decreased. _

crror_of _Measurement : can be define difference

between the actual value of a quantity and the value

obtained by a measurement.

14
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Solving the probler

§ of these

errors :Repeating the

measurement will improve (reduce) the random error
Absolute

error

can be defined as the difference
between the expected value of the variable and the
measured value of the variable.

Where:

1)€ = absolute error

2} ¥ n *'éJpéfiéd value

3) Xn = measured value

e=Yn- -}(n' =~

_Relative error (Percéntof crror) : to express the error as
a percentage .

absolute error-
Percent error = — x100%
expected valie

e
Percent error = — x 100%

n

- Yn - Xn ; =
Percent error = —y x 100% ‘
n

Example 1 the expected value of the voltage across a

resistor is 50V; however, measurement yields a value of

49V. Calculate

15
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a) The absolute error
b) The percent of error

c) The percent of accuracy

Solution :
a) e=Yn—Xn=50V-49V =1V
b) -~ Percent error = 505_049 x 100%
j = 0.02 x 100%
E = = 2%
C) | =

percent of accuracy = 100% — percent of error
" =100% — 2%
= 98%

Example 2 The following set of ten measurements was

recorded in the laboratory. Calculate the precision of the

fourth measurement. ’

Measurement Measurement Value
Number Xn (volts)

98
102 b

101 g I
97 e
100 =
103
98
106
107
99

SleloN|olola]wlo] <

Solution: The average value for the set of measurements

is equal to the sum of the measurements divided by 10 :

16
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._ 1
T = = ) Ti
b Z " where N=10 .
Then: X =101.1 volts .
The precision of the fourth measurement is :
|x, - X

" T
Precision = 1 —i NS IN—
! X

i 9% |97 — 101.ll

. 101.1
= 1-004
=.0.96

Example 3 after measuring the time needed for a certain

process with a stopwatch for five times ,

You obtain the following table: T F

Trial number, i 1 2 3 4 5

Measured Value, z; (seconds) | 3.9 | 3.5 | 3.7 | 34 ;ﬁ

Deviation, d; = z; — & (seconds) | 0.3 | -0.1 | 0.1 | -0.2 | -0.1

Find best estimated time ,and the average of deviations .

Solution :
R, | o 3.943.543.743.4435_
T= o= : s=3.6s

17
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7 {(0.3)4+(=0.1}4+{0.1)4+{—0.2) +{-0.1}
d = NZ d; = :

§=08
—xample 4 A set of independent current measurements
was taken by six observers and recorded as 12.8 mA
,12.2 mA ;125 mA |, 13.1 mA ,12.9 mA , and 12.4 mA
Now Calculate readings arithmetic mean (estlmated

value) and error range .

1. estimated value = average value of measured quantity

(current)
L+ Iod I+ I+ + Is
Iﬂ-‘l-‘ = N=< e
N 12.8mA +12.2 mA +12.5mA + 13.1 mA +12.9 mA + 12.4 mA

6
lav = 12.65 amperes

2

Imax — lav =13.1-12.65=0.45 A _

lav — Imin=12.65-122=045A =

The average range of error therefore equals to : J
(045+045)/2=+0.45A

18
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Introduction to signal processing

Signal processing is concerned with improving the
quality of the reading or signal at the output of a

measurement system.

Signal filtering in the meésurement system :-

' Why we need Low pass filter (LPF) in measurement

system ? :- at most we need a LPF since

measﬁrément signals frequency (which we want to
pass) is normally of low value ,while harmful noise
signals frequency (which we want to eliminate ) is of

high frequency value .

First order active Low ga;s filters :- By using op amps
and reactive elements, we built active filters .To build an
active filter ,we need (capacitors ,resistors ,operational

amplifier) . S RN

+Vee

Non-inverting Input - S

the following figure shows the first order active LPF :

19
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Second-Order Low-Pass Filter :-

The following figure ,shows the second-order LPF :

R, | R,
Vin —’\N\/—Jr-’\/\/\/—T x>
& _I— [ Vcmrr
G
o W

Unity-Gain Low-Pass Filter

The operational amplifier is an eléctronié device that has
two high impedance inputs known as the inverting input

and non-inverting input respectively ,and one output .

A second-order low-pass filter is _one that give more

decreasing in the output voltage beyond the cutoff

frequency ,and hence gives sharper frequency response
that sharply cuts all frequencies beyond cutoff frequency .
Because of the two capacitors, the rate of decrease in

gain is twice as fast as before as in first order LPF .

20
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The cutoff frequency equation :

7 = |
¢ 2mJRIRyC1C2

Example :- If you know that your measurement system

sensor provide voltage that havihg frequency of ( 500 )
hertz and the noise voltage effect on the system at the (
signal transmission ) part , design a unity gain 2" order
LPF that can remove high frequency noise components
.Then draw théﬂ LPF circuit diagram ,the block diagram of
the measurement system showing the position of the LPF.

Use capacitor value of 500 PF.

Solution :-

Wo = - N7
JRI.R2.C1.C2 D Ne

If we choose Rl1=R2,C1=C2 then e

2 75002

e O

10007z ke then RC = .
RC 10007z

f we put C = 500 Pico farad then

21
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]
R=
500000*10—12*7r

Then Rl=R2=R=637KiloOhm

The filter circuit diagram is as following :-

500 PF

L

iy
637K Q 637TKQ
= —e

-V | .[
' Output
- —

second order
Low pass filter circuit diagram

The position of our filter inside the measurement system is

after signal transmission part at the receiver end :

Measured Output
variable Signal siiremeit -
.| Converslon| g [neasiremel:
——p——1 Sensor # clement T processing
f S
Signal >
tfransmission g
i
i
- Usootmeammement]  LPF L
al remote polnt Fe=500HZ7
Signal
presentation
or recording

Question :If you know that your measurement system

sensor provide voltage that having a frequency of ( 20 ) Hz

22
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_and the noise voltage effect on the system at the signal
transmission part .Design a unity gain 2"? order LPF that
can remove high frequency noise components. Then draw
the LPF circuit diagram the block diagram of the
measurement system showing the position of the LPF .

Use resistor value of 3.3 KQ .

Top &Fundamental Op Amp Circuits :
As well as resistors and capacitors that are passive
components, operational amplifiers are one of the

basic building blocks of analogue electronic circuits.
1. Voltage Follower :

The most basic circuit is the voltage buffer .

T "t

VS: VE.‘

23
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2 Imyvertinog { i Amn
£. ifverundg S RIS .

In this configuration, the output is fed back to the
negative or inverting input through a resistor (R2). The
input signal is applied to this inverting pin through a
resistor (R1) .The positive pin is connected to ground.

R2
1
~R1
1 —
d
Ve i | + Vs
R, 4
VS — _VE E;

3. Non-inverting Op Amp :
This configuration is very similar- to the inverting

operation amplifier. For the non-inverting one, the input

voltage is directly to the applied to the non-inverting pin.

VeT - _Vs
1
R2 ? R1

24
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Ry
VS — Ve (1 e —
Ry
4. Non-inverting Summing Amplifier :
To add 2 voltages, only 2 resistors can be added on the
poéfti‘ve pin to the non-inverting operational amplifier

circuit

T S TVS

Vs =V, + Y, &

5. Inverting Summing Amplifier :
By adding resistors in parallel on the |nvert|ng mput pin

of the inverting operation amplifier circuit, all’ “the

voltages are summed.

iz
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R
kel W
VnT

-n-’

Vo= (Vi + Vo + V344 V)

6. Difference Amplifier:

R1 R2
1 —
| | —
Vi o
R1 _—g
—{ 1 + VsE .
o I
R2 < )

R,
Vs=—(V,— V)

26
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7. Integrator :

P
o Vedt
Vo= — o= f

8. Op Amp D;ﬁerentsator £
The differentiator works S|mllarly to the integrator by

swapping the capacitor and the r.e_s,lstor.

R N7
' =
1 BN :
dv,
V. = —RC

dt

27
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Q) Determine voltage follower main applications .

Answ

1.reduce the load on the measured signal source that

happened when measurement signal is supplied to

many loads .

B Load1
>
+
! - Load2
[ +>——*‘
v e—rot /— Load3
o = P o e
measurement |
voltage B \ N / ; Load4
4 I
n . __I_
i —! Load n
+

_ Destinations

2.used in the input stage of expensive measurement

instruments as protection wall .Any fault in measurement
voltage like (short circuiting ,sudden high voltage

change ,over voltage ,...

etc) will be prevented from

propagating to the next stages .

28
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Measurement Instrument '
- \ ' gput stage
V, &=

' 17y, ?
\ T

measurement
~ voltage

Q)for "4 bits instrumentation flash ADC" with reference

voltage of 4 volts :

- design and then draw the schematic diagram of flash

ADC . P

- determine the maximum allowed input signal with
reason . = 5

- the output ,when input voltage = 2.8 volts .

answ .
-the design : ¥
VREF =4 volts s &
vV ref 4 volts

29
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- the maximum allowed value for input voltage is 4 volts =
Vref ,otherwise the output of all comparators will be all
1's always regardless the value of Vin (i.e. no
distinguishing between samples values ) .

- output (MSB ... LSB) = 0011 .

7Q)fior' "8 bits instrumentation flash ADC" with reference
voltage of 8 volts :

- desién and then draw the schematic diagram of flash
ADC .

- determine the maximum allowed input signal with
reason .

- the output ,when input voltage = 6.9 volts .
answ :the design :

Vil‘l-—

. - —~—rih
VREF =8 volts V ref 8 volts >_
A ’ | 7770— +
7 Vref /8 1'7 e >
{5 |

.-
6 Vref/8 Svolt

R
>

5 Vref /8 4-2_vol q

Yt
3 Vreff& 1'3 volts

-
B

R
4 Vref/g $3volts_ ”->_

MSB
:‘ LSB

30
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- the maximum allowed value for input voltage is 8
volts = Vref otherwise the output of all comparators
will be all 1's always regardless the value of Vin (i.e.
no distinguishing between samples values ) .

- output (MSB ... LSB) = 00111111 .

Q)determine goals that could be achieved from
computerized measurement system . |
answ they are :
1- digitar"'mgasurement data storage .

2- digital measurement data editing .
3- digital measurement data analysis .

4- digital measurements data_ transmission to

faraway point . S h

31
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Measuring devices :-

Here ,we will deal with measuring devices and instruments

that are used to measure the electricity quantities .

Moving coil meter :-

Basic features :-

Device principle of operation : a magnetic field device .
The magnetic field is produced by two stationary
permanent magnets .

Device diagram-:

“Calibrated scale

The spring bearing

Cail Needle is not. shown.

.

Magnet

input voltage application point :applied to the positive

and negative terminals of moving coil .

Is device active or passive ( with reason ) ? :passive

,because the energy needed for moving pointer (needle) is

32
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resulted from the opposite magnetic force between
stationary field and the magnetic field of moving coil when

current passes through it .

Is device =‘:"5'd::g jltcl O 4l 1al ague ( witn reasomn ) ?

-analogue ,because reading is given by a pointer moved in

front of continuous scale .

Does device measure DC or AC voltages and currents

?:DCOMy.* 

Advantages : |
1) Simple construction .~ 2) good sensitivity .

3)accuracy . _ 4) linear scale .
Disadvantage :responds only to*fIiC’. signals ,but not A.C.

signals S

Q: what are the factors that will effect on ser{Siti_vity of

moving coil ammeter ? how they will affect the ___device

sensitivity ? St g

Answ:the ammeter sensitivity is directly proportional to :
1. the strength of the permanent magnet .

2. the number of turns in the coil.

33
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Moving lron meter :-

Basic features :-

Device principle of operation . a magnetic field device
The magnetic field is produced when measured current

passes through stationary coil .

Device diagram :

Stationary

Pointer

Spring

fron vane

Input voltage application point :applied to the terminals -

of stationary coil .

e

Is device active or passive ( with reason ) 7 _:passive
,because the energy needed for moving pointer (needle) is
resulted from the attraction magnetic force between
stationary coil when current passes through it and the iron

van .

34
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-

Is device digital or analogue ( with reason ) ?
-analogue ,because reading is given by a pointer moved in

front of continuous scale .

™ mon Pl PP A IS p ™ wi* Al wrndtasrine sl g [y
Does device measure DG or AL VO ﬂ tades ana currents

?.+'both .
AdVaqtages :
1. As well as measuring D.C. signals, the moving-iron
meter can also measure A.C. signals.
2. It is the cheapest form of meter available .

Disadvantage :low frequency range .

Electrostatic meter: ~ =~
Basic features : -
Device principle of operationi.an electrical field device .

The electrostatic field is generété_d between fixed and

movable plates . 7 7~

Device diagram : s
Calibrated i

sr_z-l]e

Simplified drawing of
an electrostatic voltmeter,

Spring bearing

% Movable plate
Fixed plate

-+ -
Measured
voltage
source

35
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