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CONTENTS 

Psychomotor / Cognitive Level: Psychomotor level 3 

CLO/PLO: Operate the electrical instruments under supervision in order to measure different electrical andnon-

electrical quantities. (PLO 3) 

S.No. Date Title of Experiment Total Marks 

Signature 

 

 

 

1    *  

Measurement of power and power factor by three 

ammeter method 
 

  

2    
 Measurement of power by three 

voltmeter method. 
  

3   *  
Measurement of power of resistive load by 

analogue wattmeter and calculation of power 

factor. 
  

4   *  
Measurement of electrical energy by electronic 

wattmeter and energy meter (KWH meter).   

5   *  
Measurement of power (P), power factor (cosØ) 

and VAR by Electronic wattmeter and power 

factor meter. 
  

6  

By making use of cathode ray oscilloscope, study 

the bridge rectifier to 
1)calculate input frequency 

2)calculate Vrms,, Vavg, Irms  and Iavg 

  

7   *  
To plot the characteristic curve of photo diode at 

variation of illumination. 

 
 

8  
To plot the characteristic curve of a phototransistor 

at variation of illumination   

9  *  
1) Plot the characteristic curve of silicon 

transducer on a graph paper. 

2) Also determine STT linearity 
  

10  
To lot the characteristic curve of J-type Thermo-

couple and to determine thermo-conditioner couple 

linearity 
  

11  
To study the characteristic curve of a pressure 

transducer   

12 *  
    Problem Based Learning (PBL):-  

To plot the characteristic curve of a photo- resistor 

by varying levels of illumination. 
  

 

 

 

  



 

 
 

LAB SESSION 01 
 

 

OBJECT: - 
 

To Measure the Power and Power Factor by three Ammeter method. 
 

 

APPARATUS: - 
•   Given circuit  board 

•   Three Ammeter. 

•   Power supply 

•   Connecting Wires 

•   150 Volts Supply 
 

 
 

 DIAGRAM : - 
 
 
 

 
 

Vectoral Representation 
 
 
 
 
 
 
 
 

THEORY: - 
 

On analyzing the given circuit, the total current I1  is divided into I2  & I3. I 2 current is 

passing through resistor therefore it is in phase with applied voltage, while I3  is passing 

through inductor therefore it is lagged by angle φ with respect to applied voltage. 
Graphically it can be represented as: 



 

² 

 

 
 

Resolve I into components & consider ∆ ABC. 

 
(I1 )

2  = (I 2+ I3 cos φ) 2 + (I3 sin φ) 2
 

(I ) 
2 

= I 
1             2 

2 
+  2 I I 

2 3 
cos φ + I    cos 

2
φ +  (I 

3                               3 
sin φ)

2
 

I  
2  

- I 
2 

= 2 I I 
1            2              2   3 

cos φ  + I3 
2 

(cos 
2
φ+ sin 

2 
φ) 

 

Now, 
 

 

Cos φ = (I 
1 

 

 
2  - I 

2 

 
2 - I3 

2   )  / 2I I . 
2  3 

Now again consider above equation 
 

2I I 
2  3 

cos φ = ( I 
1 

2   
- I 

2 

2 
- I3 

2    
) 

2(V/R) I 
3 

cosφ = ( I 
1 

2  
- I 

2 
2 

2 
- I3 

2    
) 

VI  cosφ = (I 
3                       1 

2 
- I 

2
 

2 
- I3 

2
 

 

)R/2 

P= (I 
1 

2- I 
2 

2
- I3 

2  
) R/2. 

 

Real Power =   (I1
2-I2

2-I3
2) R/2       &    where R = 150 V/I2 

 

 
 

OBSERVATION: 
 

 

S. No. V I1 I2 I3 

     

 

 

CALCULATIONS: - 
 
 
 
 
 
 
 
 
 
 
 

 



 

RESULT: 
 

 

(1)Power factor is found to be:    
 

(2)Power is found to be:    
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Laboratory Session: No._______________________________ Date: ____________________ 

Psychomotor Domain Assessment Rubric-Level P3 

Skill Sets Extent of Achievement 

0 1 2 3 4 

Equipment 

Identification Sensory 

skill to identify equipment 

and/or its component for a 

lab work.  

10 % 

Not able to identify 

the equipment.  

 

 

 

0 

 

 

                -- 

 

 

           -- 

 

 

            -- 

Able to identify 

equipment as well as 

its components.  

 

 

40 

Equipment Use 

Sensory skills to describe 

the use of the equipment 

for the lab work.  

15% 

Never describes the 

use of equipment. 

 

 

0 

Rarely able to describe 

the use of equipment. 

 

 

 15 

Occasionally 

describe the use 

of equipment. 

 

30 

Often able to 

describe the use 

of equipment.  

 

45 

Frequently able to 

describe the use of 

equipment.  

 

60 

Procedural Skills 

Displays skills to act upon 

sequence of steps in lab 

work.  

 

 

15% 

Not able to either 

learn or perform lab 

work procedure. 

 

 

 

0 

Able to slightly 

understand lab work 

procedure and perform 

lab work. 

 

 

15 

Able to 

somewhat 

understand lab 

work procedure 

and perform lab 

work. 

30 

Able to 

moderately 

understand lab 

work procedure 

and perform lab 

work. 

45 

 

Able to fully 

understand lab work 

procedure and 

perform lab work. 

 

 

60 

Response 

Ability to imitate the lab 

work on his/her own. 

 

 15% 

 

Not able to imitate the 

lab work. 

 

 

0 

Able to slightly imitate 

the lab work. 

 

 

15 

Able to 

somewhat 

imitate the lab 

work. 

30 

Able to 

moderately 

imitate the lab 

work. 

45 

 

Able to fully imitate 

the lab work. 

 

 

60 

Observation’s Use 

Displays skills to perform 

related mathematical 

calculations using the 

observations from lab 

work. 

 

 15% 

 

Not able to use lab 

work observations 

into mathematical 

calculations. 

 

 

 

0 

Able to slightly use lab 

work observations into 

mathematical 

calculations. 

 

 

 

15 

Able to 

somewhat use 

lab work 

observations 

into 

mathematical 

calculations. 

30 

Able to 

moderately use 

lab work 

observations 

into 

mathematical 

calculations. 

45 

 

Able to fully use lab 

work observations 

into mathematical 

calculations. 

 

 

 

60 

Safety Adherence 

Adherence to safety 

procedures. 

 10% 

 

Doesn’t adhere to 

safety procedures. 

 

0 

Slightly adheres to 

safety procedures. 

 

10 

 

Somewhat 

adheres to safety 

procedures. 

20 

Moderately 

adheres to safety 

procedures. 

30 

 

Fully adheres to 

safety procedures. 

 

 40 

Equipment Handling 

Equipment care during the 

use. 

 

 10% 

 

Doesn’t handle 

equipment with 

required care.  

 

0 

Rarely handles 

equipment with 

required care.  

 

10 

Occasionally 

handles 

equipment with 

required care 

 20 

Often handles 

equipment with 

required care.  

 

30 

 

Handles equipment 

with required care.  

 

 

40 

Group Work  

Contributes in a group-

based lab work. 

 10% 

 

Never participates. 

 

 

0 

Rarely participates.  

 

 

10 

Occasionally 

participates and 

contributes. 

20 

Often 

participates and 

contributes. 

 30 

 

Frequently 

participates and 

contributes. 

40  

 

Total Points (Out of 400)  

 

Weighted CLO (Psychomotor Score) (Points /4) 

 

Remarks  

 

Instructor’s Signature with Date:  

 

 



 

 
 

 

 
 

LAB SESSION 02 
 

 

OBJECT: 
 

 

To Measure the Po wer and Power Factor by Three Voltmeter method. 
 

APPARATUS: - 
 

1.          AC voltmeter. 
2.          150  volt AC supply. 

3.          Circuit board. 
4.          AC ammeter. 

5.           Connecting wires 
 

 

DIAGRAM : - 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Vectoral 

Representation 
 
 

THEORY: - 
 

On analyzing the given circuit it is observed that the two elements, resistor, and inductor 

are connected in series i.e. the same amount of current is passing through each element. 

The  voltage  drop  in  inductor  is  leading  the  current  which  is  graphically  can  be 

represented as: 
 
 

Now from figure, 

Apply Pythagoras theorem on ∆ ABC. 
 

V 
2  

= (V 
1                2 

+ V  cosφ) 
2 

+ ( V 
3                                 3 

sinφ)2
 

 

V 2 =V 2 + 2V V cosφ + V 2 Cos 2 φ + V 2  Sin2 φ 
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V  2 -V 2 -V  2  = 2V V  Cosφ 
1          2         3                  2   3 

 

Cosφ = (V
1 

2 -V
2

2 -V
3 

2 ) / 2V
2
V

3                                  
Eq #1 

 

For real power: - 
 

2V V  cosφ = V 2 -V 2 -V 2 
2    3                       1        2         3 

2         2           2 

2(IR)V3 cosφ = V1   -V2   -V3 

 

2 

V3 I cosφ = (V1 

2           2 

-V 2 -V3   )/2R 

 
 
 

2        2        2
 

Real Power = (VI -V2  -V3  )/2R  Eq # 2 Where R = V   /I 
 
 
 

 

OBSERVATION: 
 

 

S. No. V1 V2 V3 I 

     
 

 
 

CALCULATIONS: - 
 
 
 
 
 
 
 
 
 
 
 
 
 

R E S U L T S :  
 

•   Real power is found to be =                             Watts 

 

•   Power factor is found to be = 
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LAB SESSION 03 
 
 

OBJECT: - 
 

To measure the power  of  Resistive  load  by  Analogue  Wattmeter  and  then to 

calculate its power factor. 
 
 
 

APPARATUS: - 
 

1.       Resistive load. 
2.       Voltmeter. 

3.       Ammeter. 

4.       Wattmeter. 

5.       Power supply 220 V 

6.       Connecting wires 
 

 

THEORY: 
                The wattmeter is a measuring instrument use to measure electric power. 

The wattmeter is consists of a ‘Pressure Coil’ and ‘Current Coil’. The current coil of the 
instrument carries the load current, while the pressure coil carries the current proportional 
to, and in phase with the voltage. The deflection of the wattmeter depends upon the 

current in these two coils and upon the power factor. Inductance in the pressure coil 

circuit should be divided as far as possible, since it causes the pressure coil current to lag 

behind the applied voltage. A high non-inductive resistance is connected in series with 

the pressure coil in order that the resultant of the coil itself shall be small in comparison, 

with the resistance of the whole pressure coil circuit taken by the pressure coil shall be 

small. 
 

 

PROCEDURE: - 
 

1.   Connect the voltmeter in parallel with the source. 

2.   Connect the ammeter in series with the source. 

3.   Connect the wattmeter according to the instruction already written on the labeled 

diagram. 

4.   Now vary the load, and measure voltage, current and power each time. 
5.   Finally measure power factor each time. 
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OBSERVATIONS: - 
 

Load Power 

(Watt) 

V 

(Volts) 

I 

(Amp) 
cos 

φ 

 

 

No load 
 

2 Bulbs ON 

 
4 Bulbs ON 

 
6 Bulbs ON 

 
8 Bulbs ON 

 
10 Bulbs ON 

    

 

 
 

CALCULATION:- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

RESULT: 
 

 

The power & P.f  by wattmeter has been measured.  

We observed Unity P.f  in case of Resistive load. 
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Figure – 2 
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Psychomotor Domain Assessment Rubric-Level P3 

Skill Sets Extent of Achievement 

0 1 2 3 4 

Equipment 

Identification Sensory 

skill to identify equipment 

and/or its component for a 

lab work.  

10 % 

Not able to identify 

the equipment.  

 

 

 

0 

 

 

                -- 

 

 

           -- 

 

 

            -- 

Able to identify 

equipment as well as 

its components.  

 

 

40 

Equipment Use 

Sensory skills to describe 

the use of the equipment 

for the lab work.  

15% 

Never describes the 

use of equipment. 

 

 

0 

Rarely able to describe 

the use of equipment. 

 

 

 15 

Occasionally 

describe the use 

of equipment. 

 

30 

Often able to 

describe the use 

of equipment.  

 

45 

Frequently able to 

describe the use of 

equipment.  

 

60 

Procedural Skills 

Displays skills to act upon 

sequence of steps in lab 

work.  

 

 

15% 

Not able to either 

learn or perform lab 

work procedure. 

 

 

 

0 

Able to slightly 

understand lab work 

procedure and perform 

lab work. 

 

 

15 

Able to 

somewhat 

understand lab 

work procedure 

and perform lab 

work. 

30 

Able to 

moderately 

understand lab 

work procedure 

and perform lab 

work. 

45 

 

Able to fully 

understand lab work 

procedure and 

perform lab work. 

 

 

60 

Response 

Ability to imitate the lab 

work on his/her own. 

 

 15% 

 

Not able to imitate the 

lab work. 

 

 

0 

Able to slightly imitate 

the lab work. 

 

 

15 

Able to 

somewhat 

imitate the lab 

work. 

30 

Able to 

moderately 

imitate the lab 

work. 

45 

 

Able to fully imitate 

the lab work. 

 

 

60 

Observation’s Use 

Displays skills to perform 

related mathematical 

calculations using the 

observations from lab 

work. 

 

 15% 

 

Not able to use lab 

work observations 

into mathematical 

calculations. 

 

 

 

0 

Able to slightly use lab 

work observations into 

mathematical 

calculations. 

 

 

 

15 

Able to 

somewhat use 

lab work 

observations 

into 

mathematical 

calculations. 

30 

Able to 

moderately use 

lab work 

observations 

into 

mathematical 

calculations. 

45 

 

Able to fully use lab 

work observations 

into mathematical 

calculations. 

 

 

 

60 

Safety Adherence 

Adherence to safety 

procedures. 

 10% 

 

Doesn’t adhere to 

safety procedures. 

 

0 

Slightly adheres to 

safety procedures. 

 

10 

 

Somewhat 

adheres to safety 

procedures. 

20 

Moderately 

adheres to safety 

procedures. 

30 

 

Fully adheres to 

safety procedures. 

 

 40 

Equipment Handling 

Equipment care during the 

use. 

 

 10% 

 

Doesn’t handle 

equipment with 

required care.  

 

0 

Rarely handles 

equipment with 

required care.  

 

10 

Occasionally 

handles 

equipment with 

required care 

 20 

Often handles 

equipment with 

required care.  

 

30 

 

Handles equipment 

with required care.  

 

 

40 

Group Work  

Contributes in a group-

based lab work. 

 10% 

 

Never participates. 

 

 

0 

Rarely participates.  

 

 

10 

Occasionally 

participates and 

contributes. 

20 

Often 

participates and 

contributes. 

 30 

 

Frequently 

participates and 

contributes. 

40  

 

Total Points (Out of 400)  

 

Weighted CLO (Psychomotor Score) (Points /4) 

 

Remarks  

 

Instructor’s Signature with Date:  
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LAB SESSION 04 
 
 

OBJECT: - 
 

 

Measurement  of  Electrical  Energy  by  Electronic  wattmeter  and  Energy 
meter(KWH).Also prove that  E = P * t. 

 

 

APPARATUS: - 
 

1.   Circuit board. 

2.   Energy meter. 

3.   Electronic wattmeter. 

4.   Stop watch. 

5.   Resistive Load. 
 

THEORY: - 
 

Single Phase Watt-Hour Meter: - 

 
Induction type meters are the most common form of AC meters. These meters measure 
electric energy in kilowatt-hour. The principle of these meters is practically the same as 
that of the induction watt meters. In these meters magnet and spindle is used. 

The watt-hour meter consists of two main coils: 

 
(i)        Pressure coil. 

(ii)       Current coil. 
 

The pressure coil is attached to the source while the current coil is attached to the load. In 
kilowatt-hour meter the breaking magnet is provided to control the speed of the disc. The 
breaking magnet decreases the breaking torque. 

 

 

Features: - 
 

1.   They are induction type of instruments. 

2.   They are light in weight. 

3.   Torque to weight ratio is very small. 
4.   Temperature change has very small effect on the instrument. 

 

Electronic Wattmeter: 
 

An electronic wattmeter is a power-measuring instrument. This instrument consists of a 

deflection scale, voltage adjustment  knob  and  current  adjustment  knob  as  well. The 

electronic  wattmeter  is  connected  to  the  supply  and  voltage  and  current  knob  are 
adjusted. The pointer shows the deflection, which is to be noted. The power is calculated 
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as  Power = deflection* Voltage range * Amperes range 

 
PROCEDURE: - 

 

1.   First of all the connection is completed. 

2.   The voltage knob is adjusted at 500 volts. 

3.   The ampere knob is adjusted at 5 amp. 

4.   Deflection is measured from deflection scale. 
5.   Power is measured by above formula mentioned on Electronic Wattmeter. 

6.   Initially reading of kWh meter is noted and after 15 minutes the final reading is taken. 

7.   Change the time (which is in minute) into Hours. 

8.   The energy measured by electronic wattmeter should be equal to kWh meter. 

 

OBSERVATION: - 
 

 

S.No Power (watt) 
Deflect.x V x I 

Time 
(minutes) 

kWh by 
calculations 
KWh = P xt 

KWh by observations 

Initial Final Diff. 

       

 
 
 

CALCULATION:- 
 

 
 
 
 
 
 
 
 
 
 
 

RESULT: - 
It is observed that the energy measured by electronic wattmeter and kWh meter is 

same. 
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Figure - 3 
 
 
 
 
 
 
 
 
 

 

 
 

 
 



NED University of Engineering & Technology 

Department of   Electrical Engineering 

 

Course Code and Title: _______________________________________________________________  
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Psychomotor Domain Assessment Rubric-Level P3 

Skill Sets Extent of Achievement 

0 1 2 3 4 

Equipment 

Identification Sensory 

skill to identify equipment 

and/or its component for a 

lab work.  

10 % 

Not able to identify 

the equipment.  

 

 

 

0 

 

 

                -- 

 

 

           -- 

 

 

            -- 

Able to identify 

equipment as well as 

its components.  

 

 

40 

Equipment Use 

Sensory skills to describe 

the use of the equipment 

for the lab work.  

15% 

Never describes the 

use of equipment. 

 

 

0 

Rarely able to describe 

the use of equipment. 

 

 

 15 

Occasionally 

describe the use 

of equipment. 

 

30 

Often able to 

describe the use 

of equipment.  

 

45 

Frequently able to 

describe the use of 

equipment.  

 

60 

Procedural Skills 

Displays skills to act upon 

sequence of steps in lab 

work.  

 

 

15% 

Not able to either 

learn or perform lab 

work procedure. 

 

 

 

0 

Able to slightly 

understand lab work 

procedure and perform 

lab work. 

 

 

15 

Able to 

somewhat 

understand lab 

work procedure 

and perform lab 

work. 

30 

Able to 

moderately 

understand lab 

work procedure 

and perform lab 

work. 

45 

 

Able to fully 

understand lab work 

procedure and 

perform lab work. 

 

 

60 

Response 

Ability to imitate the lab 

work on his/her own. 

 

 15% 

 

Not able to imitate the 

lab work. 

 

 

0 

Able to slightly imitate 

the lab work. 

 

 

15 

Able to 

somewhat 

imitate the lab 

work. 

30 

Able to 

moderately 

imitate the lab 

work. 

45 

 

Able to fully imitate 

the lab work. 

 

 

60 

Observation’s Use 

Displays skills to perform 

related mathematical 

calculations using the 

observations from lab 

work. 

 

 15% 

 

Not able to use lab 

work observations 

into mathematical 

calculations. 

 

 

 

0 

Able to slightly use lab 

work observations into 

mathematical 

calculations. 

 

 

 

15 

Able to 

somewhat use 

lab work 

observations 

into 

mathematical 

calculations. 

30 

Able to 

moderately use 

lab work 

observations 

into 

mathematical 

calculations. 

45 

 

Able to fully use lab 

work observations 

into mathematical 

calculations. 

 

 

 

60 

Safety Adherence 

Adherence to safety 

procedures. 

 10% 

 

Doesn’t adhere to 

safety procedures. 

 

0 

Slightly adheres to 

safety procedures. 

 

10 

 

Somewhat 

adheres to safety 

procedures. 

20 

Moderately 

adheres to safety 

procedures. 

30 

 

Fully adheres to 

safety procedures. 

 

 40 

Equipment Handling 

Equipment care during the 

use. 

 

 10% 

 

Doesn’t handle 

equipment with 

required care.  

 

0 

Rarely handles 

equipment with 

required care.  

 

10 

Occasionally 

handles 

equipment with 

required care 

 20 

Often handles 

equipment with 

required care.  

 

30 

 

Handles equipment 

with required care.  

 

 

40 

Group Work  

Contributes in a group-

based lab work. 

 10% 

 

Never participates. 

 

 

0 

Rarely participates.  

 

 

10 

Occasionally 

participates and 

contributes. 

20 

Often 

participates and 

contributes. 

 30 

 

Frequently 

participates and 

contributes. 

40  

 

Total Points (Out of 400)  

 

Weighted CLO (Psychomotor Score) (Points /4) 

 

Remarks  

 

Instructor’s Signature with Date:  
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OBJECT: - 

LAB SESSION 05 

 

 

Measure the Power (P), Power factor (Cos φ), and VAR by Electronic wattmeter 

and Power Factor meter. 
 

 

APPARATUS: - 
 

1.   Circuit kit. 

2.   220 V supply. 

3.    Power factor meter. 

4.   Electronic wattmeter. 
5.   Ammeter. 

6.   Induction load. 

 

THEORY: 
 

An Electronic Wattmeter: 
 

An electronic wattmeter is a power measuring device. This instrument constitutes of a 

deflecting scale, voltage adjusting knob and current adjusting knob. The electronic 

wattmeter  is  connected to the supply  and voltage and current  know is  adjusted. The 

pointer shows the deflection which is to be noted. The power can be calculated as 

 
Power = Deflection * Voltage Range*Current Range 

 

 
 

Power Factor Meter: 
 

The  instrument  is  based  on  the  dynamometer  principle  with  spring  control.  The 

instrument has a stationary coil, which has a uniform field. There are two moving voltage 

coils having  resistance,  (R  )  and inductance  (L)  in series. When the  resistive load  

is increased or decreased the pointer shows the power factor, either leading or lagging. 
 

PROCEDURE: 
 

 

1.   First of all connections are completed. 
2.   The voltage knob is adjusted to 500 V 

3.   The ampere knob is adjusted depending on the load current. 

4.   Deflection is measured from deflection scale. 

5.   Power is measured by the above formula. 

6.   Power factor is measured with the help of power factor meter. 
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OBSERVATIONS: 
 

 
 

 

 
 

S. No 

 

 
 

load 

 

I 

(amps) 

 

 
 

Cos Ø 

Ø= 
Cos-1 

 

P 

(watts) 

 

V 

(volts) 

VAR= 
VIsin Ø 

 
1 

No 

Load 
      

2  
R1 

      

3  
R2 

      

4 R1 & 
R2 

      

 

 
 

Observations For Io : 
 

Io  =  No  load  current  (  This  current  will  flow  in  the  primary  of  the  transformer 

winding even  at  no  load  ,  this  current  is  called  as  magnetizing  current  of  the 

transformer, this current is necessary to maintain flux in the core). 
 

Io =    

amps 
 
 
 

CALCULATIONS

: 
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Figure – 4 
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Course Code and Title: _______________________________________________________________  

Laboratory Session: No._______________________________ Date: ____________________ 

Psychomotor Domain Assessment Rubric-Level P3 

Skill Sets Extent of Achievement 

0 1 2 3 4 

Equipment 

Identification Sensory 

skill to identify equipment 

and/or its component for a 

lab work.  

10 % 

Not able to identify 

the equipment.  

 

 

 

0 

 

 

                -- 

 

 

           -- 

 

 

            -- 

Able to identify 

equipment as well as 

its components.  

 

 

40 

Equipment Use 

Sensory skills to describe 

the use of the equipment 

for the lab work.  

15% 

Never describes the 

use of equipment. 

 

 

0 

Rarely able to describe 

the use of equipment. 

 

 

 15 

Occasionally 

describe the use 

of equipment. 

 

30 

Often able to 

describe the use 

of equipment.  

 

45 

Frequently able to 

describe the use of 

equipment.  

 

60 

Procedural Skills 

Displays skills to act upon 

sequence of steps in lab 

work.  

 

 

15% 

Not able to either 

learn or perform lab 

work procedure. 

 

 

 

0 

Able to slightly 

understand lab work 

procedure and perform 

lab work. 

 

 

15 

Able to 

somewhat 

understand lab 

work procedure 

and perform lab 

work. 

30 

Able to 

moderately 

understand lab 

work procedure 

and perform lab 

work. 

45 

 

Able to fully 

understand lab work 

procedure and 

perform lab work. 

 

 

60 

Response 

Ability to imitate the lab 

work on his/her own. 

 

 15% 

 

Not able to imitate the 

lab work. 

 

 

0 

Able to slightly imitate 

the lab work. 

 

 

15 

Able to 

somewhat 

imitate the lab 

work. 

30 

Able to 

moderately 

imitate the lab 

work. 

45 

 

Able to fully imitate 

the lab work. 

 

 

60 

Observation’s Use 

Displays skills to perform 

related mathematical 

calculations using the 

observations from lab 

work. 

 

 15% 

 

Not able to use lab 

work observations 

into mathematical 

calculations. 

 

 

 

0 

Able to slightly use lab 

work observations into 

mathematical 

calculations. 

 

 

 

15 

Able to 

somewhat use 

lab work 

observations 

into 

mathematical 

calculations. 

30 

Able to 

moderately use 

lab work 

observations 

into 

mathematical 

calculations. 

45 

 

Able to fully use lab 

work observations 

into mathematical 

calculations. 

 

 

 

60 

Safety Adherence 

Adherence to safety 

procedures. 

 10% 

 

Doesn’t adhere to 

safety procedures. 

 

0 

Slightly adheres to 

safety procedures. 

 

10 

 

Somewhat 

adheres to safety 

procedures. 

20 

Moderately 

adheres to safety 

procedures. 

30 

 

Fully adheres to 

safety procedures. 

 

 40 

Equipment Handling 

Equipment care during the 

use. 

 

 10% 

 

Doesn’t handle 

equipment with 

required care.  

 

0 

Rarely handles 

equipment with 

required care.  

 

10 

Occasionally 

handles 

equipment with 

required care 

 20 

Often handles 

equipment with 

required care.  

 

30 

 

Handles equipment 

with required care.  

 

 

40 

Group Work  

Contributes in a group-

based lab work. 

 10% 

 

Never participates. 

 

 

0 

Rarely participates.  

 

 

10 

Occasionally 

participates and 

contributes. 

20 

Often 

participates and 

contributes. 

 30 

 

Frequently 

participates and 

contributes. 

40  

 

Total Points (Out of 400)  

 

Weighted CLO (Psychomotor Score) (Points /4) 

 

Remarks  

 

Instructor’s Signature with Date:  

 

 



 

 

Instrumentation                                                                                measurement by CRO 
NED University of Engineering and Technology                                  Department of Electrical Engineering 

 
 

 
 
 
 

OBJECT: 

LAB SESSION 06 

By making use of cathode ray oscilloscope , study the bridge rectifier to :- 
 

(1) To calculate input frequency Vin 

(2 ) To  calculate Vrms, Vavg, Irms & Iavg. 
 

 

APPARATUS: 
 

ƒ        Vin = 24 V 

ƒ        AC voltmeter (50V) 
ƒ        DC Ammeter (5A) 

ƒ        DC voltmeter (50 V) 
ƒ        AC Ammeter (3A) 

ƒ        Transformer step-down (220-24 volts) 
ƒ        Oscilloscope (T/d = 5 s/div) 

ƒ        Variable Load 
o  R1 = 23 Ohm 
o  R2 = 9.6 Ohm 

o  R1// R2 =R3 = 6.77 Ohm 
 

 
 

THEORY: 
 

During the +ve, half cycle of input voltage the two diodes D1 & D2 are in conduction. 

D2 provides returning path to the current. In the negative half of the input voltage D3 & 

D4 become forward biased and they start  conduction. The direction of current flow 

remains same during both conduction stages hence we get rectification in both cycles of 

input voltage. 
 

Formulae Used in the Calculation: 
 

1.  f    = 1/T 

2.  Vdc   = 0.636Vmax 
3.  Vrms = 0.707V max 
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CIRCUIT DIAGRAM: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WAVE FORMS: 
 

 
 

 
 

PROCEDURE:- 
 

1       Connect the circuit element according to the diagram. 

2 Now turn on the load R1 and note the values of Iavg, Irms, Vavg, and Vrms. Also 

observe their waveforms on the Oscilloscope. 

3        Now turn on R2 and repeat the above procedure. 

4       This time turn on both R1 & R2 simultaneously and measure the readings. 

5        Now Calculate the values of  Iavg, Irms, Vavg, and Vrms. 

 

 
 



 

 

 

 
 
 

S.No 

 

 
 
 

Load 

 

 
 
 

Vmax 

 
Vrm 

 
Vavg 

 
Ir m 

 
Iav 

 
Obs 

 
Cal 

 
Diff 

 
Obs 

 
Cal 

 
Diff 

 
Obs 

 
Cal 

 
Diff 

 
Obs 

 
Cal 

 
Diff 

 

 
 
 

1 

 

 
 

No 

loa 

d 

             

 
 

 

2 

 
 

 

14.3 Ω 

             

 

 
 
 
 

3 

 

 
 
 
 

7.3 Ω 

             

 
 
 

4 

 

14.3 Ω 

paralle 
l with 
7.3 Ω 
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OBSERVATIONS: - 
 

The wave forms of the output voltage of a bridge rectifier are observed 

for a given frequency. 
 

f =  1/T = 1/    ms =    Hz 
 

 
 
 
 
 

s 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RESULT :- 
 

We have noted the observations by and calculate the input frequency by making use 

of Cathode Ray Oscilloscope. 
 

 
 
 
 
 
 



 

 

 
 
 

LAB SESSION 07 
 

OBJECT: 
 

Plot the characteristic curve of photodiode at variation of illumination. 
 

EQUIPMENT REQUIRED: 
 

1.       Module Holder 
2.       Light Transducer and Control Module G13/EV 

3.       Light Transducer Interface Unit TY13/EV 
4.       PS1-PSU- Power supply unit 

5.       Measurement unit IU9/EV. 
6.       Connecting wires 

7.      DIN Cable 
 

THEORY: 
 

The photodiode is a device, which is similar in structure to a common semiconductor diode, 

with a P-N junction, and, for this kind of use, it is reverse biased. In dark conditions the 

photodiode operates as a common semiconductor diode, while when the junction is crossed 

by a light radiation, the reverse current increases.  

Fig shows a typical relation between illumination and reverse current together with the 

symbol of the device. The reverse current of photodiodes can take values ranging inside 

some nA and some tens of mA.  The mostly  used  semiconductor  materials  are  silicon,  

germanium,  gallium arsenide and other semiconductor compounds. 

If a photodiode, which is not biased and without load is illuminated, it is crossed by a voltage 

generated inside the junction by the interaction between the light radiation and the semi  

conductive material (photovoltaic effect). If, then a load is  applied to the photodiode, 

there is a passage of current and in this way generation of electrical energy takes place. 

The said is the operating principle of “Photovoltaic cells”. 

 

The typical para meters of photodiodes, beside the characteristic 

curve are: 

•   The maximum reverse voltage that can be applied across it. 

•   The maximum power that can be dissipated. 

•   Maxi mum switching speed (rise and fall ti mes). 

 

The photodiode used in unit TY13/EV is P-I -N silicon type and has the following 

characteristics (see data sheet for details): 

•   Maxi mum reverse voltage: 32 volts DC 

•   Ma ximum se nsitivity: 0.9 µm 

•   Maxi mum dark current: 30 nA. 

•   Re verse current with ill umination equal to 1 mW/cm2: 50 µA. 



 

 

•   No -load voltage (100 0 lux): 350 mV 

•   Rise and fall times: 50 ns 

 

 
Procedure: 

1. Carry out the circuit of figure and c onnect module G-13 to unit TY13/EV as in figure. 

2. Set the switch of the “Photodiode Conditioner block to position A (with switch in position  

A, the transducer  is disconnected  from the  operational  amplifier  and connected to 

resistor  R7 so that it can  be analyzed without the influence of the other components). 

3. Set  the multimeter  for voltage  measurement and connect it between ter minal  19 and 

ground. In this case although  a current  is generated  by the transducer,  it is preferable  

to measure  the fall this current determines on the resistor R7 as the same current is a 

very small. 

4. Connect module G13 to all the necessary supplies. 

5. Set the lamp to the maximum distance with the slide. 

6.  Set the potentiometer of the SET-POINT block to the maximum value (300 Lux). 

7.  Move  the la mp near the light transducers with the slide and in correspondence  to the 

divisions shown   on  the  panel   of  unit  TY13/EV,   read  the  voltage  values indicated 

by the multimeter and report them in table. 

8. Plot a graph with illumination on the x-axis and voltage of the diode cathode on the y-

ax is anddraw the points detected. 

9. The characteristic curve of the transducer is obtained by joining these points. 

10. Remove  the  voltmeter  from  terminal  19,  take the  switch  to B and  insert  the voltmeter 

between terminals 22 and ground. 

19 Vout w/o conditioner 

 
22 Vout w/ conditioner 
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11. Repeat  all the  last  measurements:  in  this  case  measure  the response  of  the transducer 

together wi th the signal conditioner. 

12. Plot a graph with illu mination on the x-axis and voltage on the y-axis and draw the points 

detected. 

13. The  characteristic  curve  of  the  transducer  together  with  one  of  its  signal conditioner 

is obtained by joining these points. 

14. Confront the quality of the two graphs. 
 

 

OBSERVATION 

 
 

S No 
 

LUX 
 

Vout (19) 
 

Vout (22) 
 

1 
 

57   

 

2 
 

68   

 

3 
 

83   

4 104   

5 133   

 

6 
 

177   

 

7 
 

248   

 

8 
 

370   

 

9 
 

612   

 

10 
 

1200   

 

11 
 

3330   

 

 

RESULT: 
The characteristic curve of photodiode is drawn and studied. 
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Laboratory Session: No._______________________________ Date: ____________________ 

Psychomotor Domain Assessment Rubric-Level P3 

Skill Sets Extent of Achievement 

0 1 2 3 4 

Equipment 

Identification Sensory 

skill to identify equipment 

and/or its component for a 

lab work.  

10 % 

Not able to identify 

the equipment.  

 

 

 

0 

 

 

                -- 

 

 

           -- 

 

 

            -- 

Able to identify 

equipment as well as 

its components.  

 

 

40 

Equipment Use 

Sensory skills to describe 

the use of the equipment 

for the lab work.  

15% 

Never describes the 

use of equipment. 

 

 

0 

Rarely able to describe 

the use of equipment. 

 

 

 15 

Occasionally 

describe the use 

of equipment. 

 

30 

Often able to 

describe the use 

of equipment.  

 

45 

Frequently able to 

describe the use of 

equipment.  

 

60 

Procedural Skills 

Displays skills to act upon 

sequence of steps in lab 

work.  

 

 

15% 

Not able to either 

learn or perform lab 

work procedure. 

 

 

 

0 

Able to slightly 

understand lab work 

procedure and perform 

lab work. 

 

 

15 

Able to 

somewhat 

understand lab 

work procedure 

and perform lab 

work. 

30 

Able to 

moderately 

understand lab 

work procedure 

and perform lab 

work. 

45 

 

Able to fully 

understand lab work 

procedure and 

perform lab work. 

 

 

60 

Response 

Ability to imitate the lab 

work on his/her own. 

 

 15% 

 

Not able to imitate the 

lab work. 

 

 

0 

Able to slightly imitate 

the lab work. 

 

 

15 

Able to 

somewhat 

imitate the lab 

work. 

30 

Able to 

moderately 

imitate the lab 

work. 

45 

 

Able to fully imitate 

the lab work. 

 

 

60 

Observation’s Use 

Displays skills to perform 

related mathematical 

calculations using the 

observations from lab 

work. 

 

 15% 

 

Not able to use lab 

work observations 

into mathematical 

calculations. 

 

 

 

0 

Able to slightly use lab 

work observations into 

mathematical 

calculations. 

 

 

 

15 

Able to 

somewhat use 

lab work 

observations 

into 

mathematical 

calculations. 

30 

Able to 

moderately use 

lab work 

observations 

into 

mathematical 

calculations. 

45 

 

Able to fully use lab 

work observations 

into mathematical 

calculations. 

 

 

 

60 

Safety Adherence 

Adherence to safety 

procedures. 

 10% 

 

Doesn’t adhere to 

safety procedures. 

 

0 

Slightly adheres to 

safety procedures. 

 

10 

 

Somewhat 

adheres to safety 

procedures. 

20 

Moderately 

adheres to safety 

procedures. 

30 

 

Fully adheres to 

safety procedures. 

 

 40 

Equipment Handling 

Equipment care during the 

use. 

 

 10% 

 

Doesn’t handle 

equipment with 

required care.  

 

0 

Rarely handles 

equipment with 

required care.  

 

10 

Occasionally 

handles 

equipment with 

required care 

 20 

Often handles 

equipment with 

required care.  

 

30 

 

Handles equipment 

with required care.  

 

 

40 

Group Work  

Contributes in a group-

based lab work. 

 10% 

 

Never participates. 

 

 

0 

Rarely participates.  

 

 

10 

Occasionally 

participates and 

contributes. 

20 

Often 

participates and 

contributes. 

 30 

 

Frequently 

participates and 

contributes. 

40  

 

Total Points (Out of 400)  

 

Weighted CLO (Psychomotor Score) (Points /4) 

 

Remarks  

 

Instructor’s Signature with Date:  
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LAB SESSION 08 
 
 

OBJECT: 

 

Plot the characteristic curve of Phototransistor at variation of illumination. 
 

 
 

EQUIPMENT REQUIRED: 

 
1.         Module Holder 

2.         Light Transducer and Control Module G13/EV 

3.         Light Transducer Interface Unit TY13/EV 

4.         PS1-PSU- Power supply unit 
5.         Measurement unit IU9/EV. 

6.         Connecting wires 

7.        DIN Cable 
 

 
 

THEORY: 

 

Phototransistor 
 

The phototransistor is a device with a structure similar to the one of a standard 
transistor, but with a photo sensible base. It is generally NPN kind, it is powered with a 

positive  voltage  between  collector  and  emitter  while  the  base  can  be  left  open  or 
connected to the emitter with a resistor. 

In the second case, the sensitivity of the phototransistor can be adjusted by varying 

the value  of  the resistor used.  In dark  conditions,  the  current of  the  collector  Ic  is 

minimum and increases with illumination.  Figure shows the  symbol  with the typical 

diagram of the connection of the phototransistor; furthermore it shows the characteristic 

curve with the relation between the variations of Ic and the variations of the illumination. 

The main parameters of a phototransistor, in addition to the characteristic curve, are: 
 

 

•   The maximum dark current. 

•   The wavelength of maximum sensitivity. 

•   The switching speed (rise and fall times). 

•   The maximum admitted values of current, voltage and power. 

 
The phototransistor used in the equipment has the following main characteristics: 

 
•   Dark current: 20 µA 

•   Rise time: 8 µs 

•  Fall time: 6 µs 

•   Vce max: 30 V DC 
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PROCEDURE: 
 

• Carry out the circuit of figure and connect module G-13 to units TY13/EV 

as in figure 

• Set the switch of the PHOTODIODE CONDITIONER block to the 

position A, set the multimeter for D.C. current measurement and connect it 

between terminals 23 and ground. 

•       Connect module G13 to all the necessary supplies. 

•       Set the lamp to the maximum distance with the slide. 

•       Set the potentio meter of the SET-POINT block to the maximum value (300 
Lux). 

• Move   the   lamp   near   the   light   transducers   with   the   slide,   and   

in correspondence to the divisions shown on the panel of unit TY13/EV, read 

the current values indicated by the multimeter and report them in table 

• Plot a  graph with illumination on the x-axis and current on the y-axis 

and draw the points detected. 

•       The characteristic curve of the transducer is obtained by joining these points. 

• Set the switch to B and insert the multimeter, selected as voltmeter for 

D.C. voltage, between terminal 28 and ground. 

• Repeat all the last measurements: in this case measure the response of 
the transducer together with the one of the signal conditioner. 

• Plot a graph with illumination on the x-axis and voltage on the y-axis 

and draw the points detected. 

• The characteristic curve of the transducer together with its signal 
conditioner is obtained by joining these points. 

•       Confront the quality of the two graphs. 
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OBSERVATION: 
 

 
 

S no Lu Ampere Vol 

1 57   

2 68   

3 83   

4 104   

5 133   

6 177   

7 248   

8 370   

9 612   

10 1200   

     

RESULT: 
 

The characteristic curve of Phototransistor is drawn and studied. 
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LAB SESSION 09 
 

 

OBJECT: 
(a)    Plot the characteristic curve of Silicon transducer on a graph paper. 
(b)    Also determine STT linearity. 

 

EQUIPMENT REQUIRED: 
 

1.      Module Holder 

2.      Module for transducer control G34/ EV 

3.      PS1-PSU- Power supply unit 

4.      Transducer attachment TY 34/EV 

5.      Measurement unit IU9/EV. 
6.      Connecting wires 

7.     STT DIN cable. 
 

 
 
 

THEORY: 
 

General concepts regarding transducers: 
 

Devices, which convert a physical quantity of one type into a physical quantity of 

a different type, are generally  referred to as  Transducers.  Here this term refers to a 

specific type  of  device designed  to  transform  a  physical  quantity  into  an  electrical 

quantity, i.e. those that are designed to function as SINSORS. The general block diagram 

of a transducer is shown in fig. The electrical quantity output by a transducer may be a 

voltage, current, resistance etc. 
 

 
 
 

Physical 

Quantity 

 
 
 

Transducer 

Electrical 
Quantity 

 

 
 
 
 

Transducers are categorized as analog or digital according to the nature of the 

electrical quantity, which they output. When a continuous physical quantity is input to an 

analog transducer, the output is a continuous physical quantity that is proportional to the 
input, while in case of a digital transducer the output is a series of digital signals. 

In general, this conversion absorbs a certain quantity of energy; as a result, the 

presence of a transducer represents a disturbance to the process being analyzed. 

Each type of transducer has a series of characteristics, some of which are specific 

to that type of transducer, others being common to more than one type. These include: 
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•  Range 

This is  the interval between the minimum and maximum physical  quantities that the 
transducer can measure. 

 

 

•  Proportionality constant 

The proportionality constant is the relationship between the values of the output and the 

input quantities. 

 
•  Linearity error 

The linearity error is the shift from the proportionality constant between the input and 
output quantities and is expressed as a percentage of the maximum output value. 

 

 

•  Accuracy (measurement error) 

The accuracy of a transducer indicates the maximum difference between the measured 
value and the true value. Accuracy is expressed as a percentage of the full-scale value. 

 

 

•  Speed of response 

This is the speed with which the output  quantity follows the variations in the  input 
quantity. 

 

 

•  Stability 

The stability indicates the degree to which the relationship between input and output 

remains constant in all operating conditions. 

 
•  Repeatability 

This is  the tolerance relative  to the  values  for a given measurement (expressed as a 
fraction of the precision) 

 

 

Determining the linearity of a transducer 
 

Most transducers are linear. One of the most important characteristics determined 

experimentally is the linearity. The procedure required to determine the linearity is the 

same for all types of transducers. 

In order to plot the input/output characteristic curve of a transducer, it is necessary 

to measure the quantities output by the transducer in response to a series of input physical 

quantities. When these values have been plotted on a graph, the line that best represents 

the  average  measurement  can  be  drawn.  This  is  the  best-fit  straight  line  for  the 

transducer. Plot two lines equidistant from and parallel to the best-fit straight line; these 

lines must encompass all the values plotted on the graph. 
Next, plot a vertical line parallel to the y-axis. The points of intersection with the parallel external 

lines are called V 1 and V2 (see fig). The percentage linearity of the transducer with respect to the full- scale 

value is given by the following equation: 
 

 
Lin.[%] = ±  1     V2  -V 1 . 100 

2     V f.s. 

30 
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Output 
 

 

V2 

 

 
 
 
 

V1 

 

 
 
 
 
 
 
 
 

0                                                                                 Physical Quantity 
 
 
 

Signal conditioners 
 

It is not normally possible to manipulate the electrical output of a transducer 

directly. For example, the range of output voltages may not be suitable, or the output 
signal may be too weak, or perhaps the electrical quantity is not the one required for the 
system, etc. For this reason, transducers are never installed without a device known as 
signal conditioner. A signal conditioner is a device (generally electronic), which converts 
one physical quantity into another that is more suitable for the specific application 

In most cases, the output is a voltage. The block diagram relative to the signal 

conditioner is shown in fig. 
 
 

 
ELECTRICAL 
QUANTITY 

 

SIGNAL 

CONDITIONER 

ELECTRICAL 
QUANTITY 

 

 
 

Temperature Transducers: 
 

When energy is supplied to a physical system in any form, the state of the system 

inevitably changes. Temperature is one of the indicators, which represent the state of the 
system. The unit of temperature used in the international system is the Kelvin (K). In the 

Kelvin temperature scale, absolute zero corresponds to 0 K (-273 degrees centigrade). 
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Two other temperature scales are normally used: the Celsius or centigrade scale 

(°C) and the Fahrenheit scale (°F) the relationship between these scales is shown in fig. 

Note the difference in the intervals on the Fahrenheit scale. 
 

Conversion from Centigrade to Fahrenheit is base on the following equation: 
 

0
F= 9/5 ˚C + 32 

 

 
 

0K 
 

0C 
 

0 F 
0 

 

 
273.1 

 

 
273.1 

 

 
1273 

-273.1 
 

 
0 

 

 
100 

 

 
1000 

- 460 
 

 
+32 

 

 
+212 

 

 
1832 

 

We will use the centigrade scale, which is perhaps the most practical of the three, 

as 0 ˚C corresponds to the temperature of melting ice and 100 ˚C to the boiling-point of 

water at sea-level. In industrial and domestic applications, temperature is measured with 
different types of transducers of varying complexity and accuracy. 

The most commonly used are se miconduct or transducers, thermo- resistances and thermocouples 

as these offer a high degree of accuracy together with simple construction and ease of use. These types of 

transducers can also be very small, and are the refore easy to insert directly into the pr ocess. 
 

Semiconductor Temperature Transducers (STT): 
 

Semiconductor temperature transducers are based on  the high degree of sensitivity of 

semiconductor materials to temperature. The temperature coefficient of a semiconductor 

temperature transducer (STT) is much higher than that of a thermo-resistance, and it is 

much cheaper to produce. Its main disadvantage lies in a limited temperature range and 

lower linearity. 

 
Devices of this type may have one or two terminals and are classified as follows: 

•  Semiconductor resistive block 

•  Junction between two semiconductors doped P and N (diodes) 

•  Integrate circuit 
 

The first type of devices are the most simple in structural terms, and may have a positive 

of negative temperature coefficient of approximately 0.7% / °C and linearity of  ±0.5 % 

with in a temperature range of -65 °C to + 200 °C. 
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The law by which resistance varies with temperature is, in approximate terms, as follows: 
 

 

RT = Ro (1 + αT) 
 

The transducer  and signal conditioner  are generally connected  by two  wires.  As the 

temperature  to which  these wires  are  subjected  varies, the  overall  resistance on  the 

transducer and wires also varies. However the measurement error caused by the wires is, 

in most cases, negligible. 
 

The wires which carry the transducer output are always made using the same material and 

are always of the same length, and their resistance R’ is therefore identical. As a result, 

using a differential amplifier, it is possible to obtain a voltage, which varies only with the 

resistance R. 
 

PROCEDURE: 
1.   Connect the transducers to module G34 inserting the DIN cables into the related 

plugs. 

2.   Insert the required transducer and the mercury thermometer into the related holes 

of unit TY34. 

3.   Connect HEATER and COOLER terminals of G34 to HEATER and COOLER 
terminals of TY34. 

4.   Connect the output of the SET-POINT block terminal 2 to the set-point input of 

the ERROR AMPLIFIER block terminal 3 and Temperature meter input 10. 

5.   Connect  the  output  of  the  ERROR  AMPLIFIER  5  to the  input  of  the  PID 

controller 6. 
6.   Connect the output of the PID CONTROLLER 9 to the input of the HEATER 

AMPLIFIER 11. 

7.   Connect  the  output of  the  STT Conditioner  23  to the  ERROR  AMPLIFIER 

feedback input 4. 

8.   Set up the connection of the power supply with the console. 
9.   Set potentiometers p2 and p3 on the PID CONTROLLER to the halfway position 

10. Connect the multimeter to the output of the signal conditioner, and set to 20V DC. 

11. Short Jack 7 & 8. 

12. Set Temperature meter switch at STT. 

13. Starting from ambient temperature (temperature of the surrounding), adjust the 

Set-Point knob in order to increase the temperature of the oven in 10
0
C steps (i.e. 

bring the voltage on jack 2 to a value which corresponds to ambient temperature, 
then increase this voltage by a quantity which corresponds to a 100C temperature 

increase). Measure the output voltage of  the signal conditioner as  soon as the 

temperatures  stabilized.  The  reference  temperature  is  given  by  a  precision 

mercury thermometer (Centigrade Scale) 



Instrumentation                                                Characteristic curve of silicon transducer 
NED University of Engineering and Technology Department of Electrical Engineering 

 

 

 

 

 
 

14. N.B.  Be  careful  to  avoid  exceeding  the  maximum  temperature  that  the 

transducer can withstand (1750C). For safety, do not exceed 1500C. 

15. Make a table listing the values measured and use these measurements to plot a 
graph with the temperature on the x-axis and the output voltage of the transducer 
on the y-axis. 

 

 
 

OBSERVATION: 
 

 

S. No. 
 

T (°C) Output Voltage of STT 
Sensor (V) 

 

1 
 

30 °C  

 

2 
 

40 °C  

 

3 
 

50 °C  

 

4 
 

60 °C  

 

5 
 

70 °C  

 

6 
 

80 °C  

 

7 
 

90 °C  

 

8 
 

100 °C  

 

9 
 

110 °C  

 

10 
 

120 °C  

 

11 
 

130 °C  

 

 

RESULT: 
 

1.   The characteristic curve of Silicon transducer is observed. 
 

2.   The linearity of STT sensor is found to be                    %. 
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LAB SESSION 10 
 

OBJECT: 
 

Plot the characteristic curve of J type thermo couple and to determine thermo conditioner 
Couple linearity. 

 

 

EQUIPMENT REQUIRED: 
 

1.      Module Holder 
2.      Module for transducer control G34/ EV 

3.      PS1-PSU- Power supply unit 

4.      Transducer attachment TY 34/EV 

5.      Measurement unit IU9/EV. 

6.      Connecting wires 
7.      Thermo Couple DIN cable. 

 

THEORY: 

Thermocouple: 

Thermocouples consist of two different metallic conductors, which are joined at one end 

by a galvanic contact (i.e. soldered) as shown in fig below. 
 

 
 
 

 
 

 
The thermocouple (or hot junction) is introduced into the surrounding where the 

temperature is to be measured (e.g. inside an oven) and the conductors are brought to the 

point of measurement (cold junction), which is at a different temperature (see fig.). This 

circuit generates a thermoelectric E.M.F. (Electromotive force), which varies according 

to the difference between TC and TF   (Seebeck effect) 
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By measuring this electromotive force, and as the temperature TF is a known quantity, it 

is possible to calculate the value to Tc. Since it is necessary to know the value of TF in 

order to calculate Tc, it is necessary to extend the wires of the thermocouple with 

compensating wires to a point at which the temperature is constant and known. 

The most important of the thermocouples available in the market are as follows: 
 

 

•     Fe-Constantan                      (type J) 

•     Ni-NiCr                                 (type K) 

•     Cu-Constantan                     (type T) 

 
The E.M.F. of the Fe-Constantan thermocouple (J type) is much greater than that of the 
other types; its linearity  is good,  and it is inexpensive.  One disadvantage is  that the 
maximum temperature is limited by the iron element (700-800 °C). 

 
The thermocouple examined in this case is of the Fe-Constantan type (type J), and has the 

following main characteristics: 
 

 

•       Transduction constant:       53 µV/°C 

•       Error:                                  ±2.2°C in the 0 - 270°C range 

±0.75% in the 270 - 760°C range 

•     Protected against atmospheric agents by metallic sheath 
 

PROCEDURE: 
 

• Set up the apparatus as described in the previous experiment replacing the signal 

conditioner for the (STT) with the signal conditioner for the thermocouple. 

• Starting from ambient temperature, adjust the Set-Point knob in order to increase the 

temperature of the oven in 10°C step (i.e. bring the voltage on  jack 2 to a value 

which corresponds to ambient temperature, then increase this voltage by a quantity 

which corresponds to a 10°C temperature increase). Measure the output voltage of 

the signal conditioner as soon as the temperature is stabilized. 
If the temperature exceeds 150°C, remove the semiconductor transducer in order to 

avoid the possibility of damages. 

•   The  reference  temperature  is   given  by   a  precision   mercury   thermometer 

(Centigrade scale) 

• Compile  a  Voltage/Temperature  table  and then  plot  the  characteristic curve on a 

graph 
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• Calculate the linearity of the thermocouple as described in the previous 

experiment. 
 
OBSERVATION 

 
 
 

 

S. No. 
 

T (°C) Output Voltage of STT 

Sensor (V) 

 

1 
 

30 °C  

 

2 
 

40 °C  

 

3 
 

50 °C  

 

4 
 

60 °C  

 

5 
70 °C  

 

6 
 

80 °C  

 

7 
 

90 °C  

 

8 
 

100 °C  

 

9 
110 °C  

 

10 
 

120 °C  

 

11 
 

130 °C  

 

 
 
 

RESULT: 
 

3.    The characteristic curve of thermocouple is determined and studied. 
 

4.    The linearity of thermocouple is found to be                    % 
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LAB SESSION 11 
 
 
 

OBJECT 

To study the characteristic curve of a pressure transducer. 

 
APPARATUS 
Module holder 

TY 35/EV module 

Power supply unit 

Connecting wires 
 
THEORY 

The characteristic curve of a Transducer is the plot of the output versus input physical 

quantity. Pressure is defined as the relationship between a force on a surface. Pressure 

measurement can be subdivided into three main categories 
Absolute pressure 

Relative pressure 

Differential pressure 

Absolute pressure is the pressure measured with respect to an absolute vacuum. 

Relative  pressure  is  the  measurement  of  pressure  in  relation  to  local  atmospheric 
pressure. 

Differential pressure is the difference between the sources of pressure. 

Each type of pressure requires different types of transducer. Various types of transducers 

developed for the purpose of pressure measurement are 

L.V.D.T 
Potentiometer 
Strain gauge etc. 

In recent years the monolithic types of transducers have become available which perform 

the transduction function in a single device. These may be categorized as 

Piezoresistive transducers 
Semi conductor transducers 
Capacitive transducers 

These transducers are more compact and simpler in construction and use; they also offer 

increased accuracy and linearity. Their cost is also lower. 

In the module G-35 semiconductor transducer is used. 
 

PROCEDURE: 

1. Supply TY 35/EV, with 220 volts ac 

2. Power the circuit with plus minus 12 volts. 

3. Connect the out put of the set point to the input of the power amplifier (jack 14) 
4. Connect the output of the pressure transducer of the TY35/EV unit to the input of 

the signal conditioner 

5. Connect the appropriate power supply +24 volts dc to the module. 

6. Adjust the set point so that the pressure inside the tank raises gradually, and 

measure the output voltage of the CONDITIONER block. 
7. List the increasing pressure levels and the corresponding output voltages of the 

CONDITIONER block in a table. 
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8. Plot  a graph  with  the pressures  on the X-axis  and the corresponding  output 

voltages on the Y-axis. 

9. Draw a curve which best approximates the points plotted on the graph. This is 

the characteristic curve of the Transducer. 

 
OBSERVATION: 

 

S. No. P(Bar) P(Kpa) Vout(V) 

01 0.0 0  

02 0.2 20  

03 0.4 40  

04 0.6 60  

05 0.8 80  

06 1.0 100  

07 1.2 120  

08 1.4 140  

09 1.6 160  

10 1.8 180  

11 2.0 200  
 

 
 

RESULT: 

The characteristic curve of the pressure Transducer is observed.
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