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FE אאאThe working standard 

אאאאKאא
אאאאK 

F٣E Wאאאאא
אאאאאאאK 

F٤E Wאאאאאא 

١J٣אאאElectrical And Electronic Instruments
אאאאאאא

אאאK
אאאאאא،
אאאאאאאFE

FKEאאאאאאאא
אאאא

،א،אא
אא،אאאK

١J٣J١אאא
Functions and Characteristics of Electrical and Electronic Instruments 

אאאאאא
אKאאא

،אאאאK،אא
١٠٠٪אאאKK،אא

אאאאאאא،
אא(amplifier)אאאK



אא ٢٤٧ א א 

אאאא   
 
 

- ٤ - 

١J٣J١J١אאאElectrical Units
אאאא،

אאאאאאK،א
אאאאאאK

אאאאאW
F١E אא(Q)
F٢E אא(I) 
F٣E אאאאא(V) 
F٤E א(R) 
F٥E אאא(L) 
F٦E א(C) 

F١J١EאאאאאאאאאK
אא

אאאW 
א(Length) l (meter) m 

א(Mass) m א(kilogram) kg 

א(Time)t (second)s
אא(Temperature)T (degree Kelvin)°K 

א(Luminous intensity)  (candela) cd 
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אאאאFאE

אאאאWאאא،אא
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٢J٢אאאD'Arsonval Meter Movement  
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٢J٢J١אאאConstruction of D'Arsonval Meter
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٣J٢אא(Digital Voltmeters [DVM])
אאאאאא

אאKאאאWאא
א(A/D Converters)אאא،(Decade Counting Units)א

אא(Display Unit)אא
אאאאW

١K אאאאאא(Single-slope DVM's)
٢K אאאאא(Dual-slope DVM's)
٣K א(Voltage-to-Frequency Converters) 
٤K אאאאא(Successive-Approximation DVM's) 

אאאK
٣J٢J١אאאאאא(Single-Slope DVM's) 

אא،אאאאאאאא
אאאאא

אאאאאאא،אK
F٣J٢Eאאא،אאאאא

،אאא(-Vref)،אאאא
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(digital readout)KאאW

١K אאאאאאאK
٢K אאא(main gate control)Fא (١) 
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٣K אS،אCאאאאK
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(٢)F٣J٣E[K
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٥K אאאClock]א(٤) F٣J
٣E[אאאAND،אאאא[High]،

אאאאא]א(٥) F٣J٣E[
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٦K אאVx،א
،אאאאANDא،אא

(Clock)אאאאK
٧K אאאאאאאאVx،א

א(digital readout)אאK
٨K ،אאאא(main gate control)،
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אSאא،C،א
אאK

F٣J٣Eאאאאא
F٣J٢E(Timing Diagram)K
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א،אאאK 
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٣J٢J٢אאאאא (Dual-Slope DVM's) 
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F٣J٤EK
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١K אאאאאאW
١J אS٢CK
٢J אS١אAK
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F٣J٢E
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٣J٣אאא(Digital Multimeter [DMM])
אאאאאאאLא

אא(Decade Counter)K 
F٣J٦Eא

(Attenuator)،אא(Compensated Attenuator)
א،אאאאאא

אאאאאK
אאא،אא،אאאאK

אא،אאאאLאאאא
א،אאאאK

אאאא،אא(Rectifier)،
אאאK

א(Current-to-Voltage Converter)אF٣J٦E
אאF٣J٧EKאאאא

(Summing Junction)،Σi،אאKאאא
،אאא،אIRאIiK
אIR(Voltage drop)אאא

אאאKאאאאאLא
אאא،אאאאאK
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٤J١ Introduction

אאאאאא،אא
،،אא

א،אאK،אא
אאא،אא

אאאאאK
אאאאאאאאא

،אאאK
אאא

אאא،K
אאא،אא

אאאK

٤J٢ אאאאOscilloscope Block Diagram 
א(Cathode-Ray Tube or CRT)אא

אאאFאF٤J١EEK
אאאY, X ،אא

אאאK
אאאאאא Y אא

אאאאאאאאא،א
א S١ F٤J١Eא،אאא C١ א

،אאאאאא
אK،אאאאאS١d.c

אאאK
אאYאאY،אאאא

אYאאאאKא
אאאא(preamplifier).
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F٤J١EאאאK


א (time base) אאא
אאאא(saw tooth waveform)אאא،

אאKאאאאאא
אאאאאFאX KEאא

אאאאאK
אאא،

אאC٢אא،אא،אא
אאאאאאא 

X אאאKאאאK
אF٤J٢E][،zxאא

אאK
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][][
F٤J٢Eאא][،zxK

א،אאאא
אאK S٣] F٤J١E[א

אא،אאאא،
אאאאאאK

אאאאאא،א
א،אS٢F٤J١EאאK

אאאאאאK
אא (graticule) 

אFאKEאאאא
KאאאאY،א

אS١]   F٤J١ [(،Y][VOLTS/DIV
אא.YאאאYא

אאYאKאVOLTS/DIVאY
אאאאאאK

אאא[TRIGGER LEVEL]אאא
אאKאא،אאTrigger levelAUTO،

א،אאאאא]?H?،?J?[K
אאאאאאVARIABLE 

CONTROLTIME/DIVKאTIME/DIV
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אVARIABLE CONTROLCalibrateאK
XJ shiftאאאאאאK

،אINTENSITYFOCUS
אאKאאא،אא

אאאאאFאEאK

٤Jא ٣אאאOscilloscope as a measuring instrument
אאאאאאא

אאKאאא١٠ - ٢MHz،א
אאK

אאא،אא
א(Calibration)אאKאא

Kא،אאאא
אאאKאא٥٠Hz،

TIME/DIV١٠ms/divאאא
١٠ divאאK

٤J٣J١ אאאאאאVoltage Measurements

אאFאאEא
אKF٤J٣E(sine waves)KאAFא

אEא٥}٤divאא،א B FאאEא٢ div
אאKאאא[VOLTS/DIV]١٠٠mv،

FאאEאW



אאא ٢٤٧ א 

אא   


 

- ٧٠ - 










F٤J٣EFJEK

Wave A: VA = (٥}٤ DIV) × ١٠٠ mv/DIV = ٤٥٠ mv 

Wave B: VB = (٠}٢ DIV) × ١٠٠ mv/DIV = ٢٠٠ mv  

٤J٣J٢ אאFrequency Measurements
אאאא،אאא

Yא،א(CAL)א
א،אא،א

א،אאא(T)W
T = (Horizontal divisions/cycle) × (TIME/DIV) 

א(F)،אא(T)،W
F = ١/T.

אא[TIME/DIV]٥}٠ ms ،א
א(T)א(F)אF٤J٣EW

Wave A : TA  = [(٨}٨ DIV) × ٥}٠ ms/DIV]/٢ cycles = ٢}٢ ms 

FA = ١/ (٢}٢ms) ≅ ٤٥٥ Hz 

Wave B : TB = [(٨}٨ DIV) × ٥}٠ ms/DIV]/٦ cycles = ٧٣}٠ ms 

FB = ١/(٧٣}٠ms) ≅ ٣٦}١ kHz 
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[Lissajous figures]א
אKאאאאK

אאא(F٢)Yאא
אא(F١)X،אאא

אאאF٤J٤EK
אאאאאאK


 

 
 
 

F١/F٥ = ٢L٣  F١/F٣ = ٢L٢
][][

F٤J٤EאK


אאאאאאא
Wאאאא،א


FאאאFLEאאאEF٢=LF١


٤J٣J٤ אPhase Angle Computation

א(Phase difference)א
אאאW

אאWאאאאא
(Channel ١ and ٢)אאאא(CAL)،
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אאא،א
אK

F٤J٥Eא،
٨ divisionsא،אאא٤}١ divisionsא
אKאאא (One cycle)٣٦٠°،،٨ div = ٣٦٠°،

W
١ div = ٣٦٠°/٤٥ = ٨° 
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אאאW
θ = ٤}١ div × (٤٥°/div) = ٦٣° 


אאW،אאאא

אא(Channel ١ and ٢)،אאאא
F٤J٦E،אאאK

،אאאא٠°،א
אא٤٥°אאF

אאE،אאא ٠°
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٩٠°[٠° < θ < ٩٠°]אא،א[ellipse]
אאאאK






















F٤J٦E(١L١)אK


אאא٩٠°אאא
אFאאKEאא

٩٠°١٨٠°[٩٠° < θ < ١٨٠°]אאא
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[ellipse]אאא
אK

אאא°١٨٠אאאא،
١٣٥°אאFא

אKE
F٤J٧Eאא[θ]א

אאאא[ellipse]K











F٤J٧EאאK


א[θ] F٤J٧EאאאW


Sin(θ) = Y١/Y٢ 
W
(Y١)WאאאאאאK
(Y٢)WאאאאאאK

אאאאאאא
אאאאאK
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אאא


١J אאאאאאאאK 
٢J אאK 
٣J אאאאאאאK 
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٦J אאאאאאאK 
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אאW
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• אאאאאאאאK 
• אאאאאאאאK 
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٥J١Introduction  
אאאאאא

אאאאאא
אKאאאאאK

אאאאאאאK
א،אאאאאא

אאאאאF،،אKE
אאאאאאא

אאאאאאאK

٥J٢אאאאאאDirect Current Bridges
٥J٢J١Wheatstone Bridge

FF٥J١EE
אאאKא

(E)אאאKאFE
אאאאאאK








F٥J١EאאאK


אא،אא
אFR٤EאאFR٢Eא،אא

אאאK


A BG

I١

R١ R٢

I٢ 

I٣ R٣ R٤ I٤

E
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٥J٢J١J١אאCondition of Balance of Wheatstone Bridge
אאאאאABאא،

אR١אאR٢،W

2211 RIRI =          F٥J١E  

אאR٣אאR٤،W

4433 RIRI =           F٥J٢E  

אא،W
31 II =  ,   42 II =          F٥J٣E  

אF٥J١EאF٥J٢WE

44

22

33

11

RI
RI

RI
RI

=          F٥J٤E  

אF٥J٣EאF٥J٤EW

4

2

3

1

R
R

R
R

=           F٥J٦E  

אF٥J٦E،אאאאW

3241 RRRR =          F٥J٧E  

F٥J١E
אאאRxאאאF٥J٢Eאא

אאK







F٥J٢EאF٥J١KE

A BG

R١٢ = ١ kΩ R١٥ = ٢ kΩ 

R٣٢ = ٣ kΩ 
Rx 

E
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א
אאא،אאFF٥J٧EEW

32x1 RRRR =  

אאRxW

Ω=
Ω

Ω⋅Ω
== k40

k12
k32k15

R
RR

R
1

32
x  

٥J٢J١J٢אאGeneral solution of Wheatstone Bridge

אאאאאאKא
אאאאKKאא

אאאאאאVth
אrthאאא،RGא

אאW


Gth

th
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Wrth
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אאrthאאR١R٣
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אאrthW

A B

R١ R٢
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D
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A B
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D
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R١ R٢

R٣ R٤ 
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D
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A BG

R١ = ١kΩ R١٫٦ = ٢ kΩ 

R٣٫٥ = ٣ kΩ 

E = ٦ V 

R٧٫٥ = ٤  kΩ 

RG = ٢٠٠ Ω 
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٥J٢J١J٣אאא
Slightly unbalanced Wheatstone Bridge 
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GOTEVOT appreciates the financial support provided by BAE SYSTEMS        
 
 


