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P4.1.1.2 

LD 
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Electronics  
Components and basic circuits  
Current and voltage sources 

Operating a DC power supply as 
constant-current and constant-
voltage source 

Experiment objectives 

 Record current and voltage while operating a power supply as a source of constant voltage. 

 Record current and voltage while operating a power supply as a source of constant current. 

 Use a power supply to limit voltage and current. 
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Principles 

In any real voltage source loaded by an external resistance of 
RL, part of the overall voltage U0 drops across the source’s 
internal resistance Ri. This leads to the terminal voltage U 
being lower than U0 

 
Fig. 1: Real voltage source:        -           

If the internal resistance Ri = 0 , then the source in question 
is an ideal one, where the voltage U is independent of the 
load resistance RL and therefore remains constant regardless 
of the current consumption I. 

In a real current source loaded with an external resistance RL, 
the current too is less than the ideal current I0 due to a pro-
portion of it flowing via the internal resistance Ri. The current 
supplied is therefore reduced to I.  

 

Fig. 2: Real current source:          - 
 

  
 

 

 
If the internal resistance Ri = ∞, the source is ideal and the 
current I remains constant regardless of the load resistance 
RL and therefore regardless of the terminal voltage U. 

 

Both constant voltage and constant current sources can be 
implemented by means of electronic circuits. This means that 
 t  s poss ble to work w th a source that  s “ deal” over a cer-
tain range. The range is determined by the maximum current 
I0 and voltage U0. The maximum values are determined by 
the specification of the power supply or, in some cases, are 
adjustable to selected values. 

From the maximum voltage U0 and maximum current I0 it is 
possible to determine a limiting resistance RG  

    
  

  
 

 

Constant voltage source: U = constant 

If the load resistance RL is greater than RG, the terminal volt-
age U will remain constant.  

              co sta t 

In this range, the supply operates as an ideal voltage source. 

The current I changes with the resistance RL in accordance 
w th Ohm’s law. 

    
 

  
 

 

Constant current: I = constant 

If the load resistance RL is less than RG, then the current I 

remains constant.  

              co sta t 

In this range, the supply operates as an ideal current source. 

The terminal voltage U will be reduced in accordance with 
Ohm’s law.  
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Fig. 3: Experiment set-up 

 

Experiment set-up 

 Set up the equipment as shown in Fig. 3. Do not connect 
up the leads yet. 

 Turn on the power supply. 

Note: the display indicates the voltage U and current I actu-
ally supplied to the terminals. The knobs can be used to ad-
just the maximum values for voltage U0 and current I0. 

 

Experiment procedure 

a) Constant voltage source 

 Set the DC current knob to maximum (i.e. I0 ≈ 5 A). 

 Use the DC voltage knob to set the voltage to a value of 
U0 = 10 V, for example. 

 Initially set the rheostat to its highest possible resistance. 

 Connect the load resistor to the supply as shown in Fig. 3. 

 Make a note of the voltage U and current I. 

 Use the slider to reduce the load resistance and record 
various other pairs of voltage and current readings. 

 In particular, make a note of the limiting resistance, after 
which the voltage is no longer the same. 

Note: Initially the LED above the DC voltage knob (constant 
voltage mode indicator) will be lit. As of the limiting resis-
tance, the LED above the DC current knob will come on in-
stead (constant current mode indicator). 

b) Constant current source 

 Use a lead to connect the two output sockets of the power 
supply together (short circuit). 

 Set the DC voltage knob to maximum (U0 ≈ 15 V). 

 Use the DC current knob to set the current value to 
I0 = 3.00 A, for example.  

 Initially set the rheostat to its smallest possible resistance. 

 Connect the load resistor to the supply as shown in Fig. 3. 

 Make a note of the voltage U and current I. 

 Use the slider to increase the load resistance and record 
various other pairs of voltage and current readings. 

 In particular, make a note of the limiting resistance, after 
which the current is no longer the same. 

Note: Initially the LED above the DC current knob (constant 
current mode indicator) will be lit. As of the limiting resistance, 
the LED above the DC voltage knob will come on instead 
(constant voltage mode indicator). 

c) Voltage limiting 

 Do not connect the rheostat to start with. 

 Set the DC current knob to minimum (all the way to the 
left). 

 Use the DC voltage knob to set the voltage to a value of 
U0 = 6 V, for example.  

 Use the slider to set the load resistance to about RL = 2 Ω. 

 Connect the load resistor to the supply as shown in Fig. 3. 

 Make a note of the voltage U and current I. 

 Use the DC current knob to increase the current and re-
cord various other pairs of readings for voltage U and cur-
rent I. 

 In particular, make a note of the limiting resistance after 
which the voltage and current stop changing. 

 Use the slider to set the load resistance to various other 
values (e.g. RL   5 Ω, RL   1  Ω) and repeat the experi-

ment. 

d) Current limiting 

 Do not connect the rheostat to start with. 

 Set the DC voltage knob to maximum (all the way to the 
right). 

 Use a lead to connect the two output sockets of the power 
supply together (short circuit). 

 Use the DC current knob to set the current value to I0 = 

1.50 A, for example. 

 Use the slider to set the load resistance to about  
RL = 10 Ω. 

 Initially set the DC voltage knob back to minimum  
(U = 0 V). 

 Connect the load resistor to the supply as shown in Fig. 3. 

 Make a note of the voltage U and current I. 

 Use the DC voltage knob to increase the voltage and 
record various other pairs of readings for voltage U and 
current I. 

 In particular, make a note of the limiting resistance after 
which the voltage and current stop changing. 

 Use the slider to set the load resistance to various other 
values (e.g. RL   5 Ω, RL   1  Ω) a d repeat the experi-

ment. 

Equipment 

1 AC/DC power supply,  …15 V/ …5A......... 521 501 
1 Rheostat, 10 Ω ........................................... 537 32 
1 Experiment lead, 32 A, 100 cm, red ........... 501 30 
1 Experiment lead, 32 A, 100 cm, blue .......... 501 31 
 
Additionally recommended 
1 LDanalog 30 multimeter .............................. 531 130 
1 Experiment lead, 32 A, 50 cm, red ............. 501 25 
1 Experiment lead, 32 A, 50 cm, blue ............ 501 26 
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Example measurements 

a) Constant voltage source 

Calculate the set load resistance RL from each pair of read-
ings for voltage U and current I. 
 
Table 1: Measurements when using the power supply as a 
constant voltage source, U0 = 10 V 

Voltage 
 

V
 

Current 
 

A
 

Load resistance 
  

 
 

10.0 1.01 9.9 

10.0 2.50 4.0 

10.0 5.20 1.9 

5.5 5.21 1.1 

0.3 5.21 0.06 

 

 

 

 

At the limit     the following is true: 

    
  

  
  
1 .  V

5.   A
   1.    

 

For higher resistance values where RL > RG, the voltage is 
constant at U = U0. 

 

b) Constant current source 

Calculate the set load resistance RL from each pair of read-
ings for voltage U and current I. 
 
Table 2: Measurements when using the power supply as a 
constant current source, I0 = 3 A 

Current 
 

A
 

Voltage 
 

V
 

Load resistance 
  

 
 

3.00 0.0 0 

3.00 0.2 0.1 

3.00 10.0 3.3 

3.00 15.2 5.1 

2.00 15.2 7.6 

1.51 15.2 10.1 

 

 

 

At the limit     the following is true: 

    
  

  
  
15.  V

 .   A
   5.1   

 

For lower resistance values where RL < RG, the current is 
constant at I = I0.  

 

  



P4.1.1.2 LD Physics Leaflets 

 

LD DIDACTIC GmbH  Leyboldstrasse 1  D-50354 Huerth   Phone: +49-2233-604-0  Fax: +49-2233-604-222  E-mail: info@ld-didactic.de 
 
 LD DIDACTIC GmbH Technical alterations reserved  

 

c) Voltage limiting 

Calculate the set load resistance RL from each pair of read-
ings for voltage U and current I. 
 
Table 3: Measurements when using the power supply with a 
voltage limit U0 = 6 V 

Current 
 

A
 

Voltage 
 

V
 

Load resistance 
  

 
 

0.20 0.4 

2 

0.50 1.0 

1.01 2.0 

1.51 3.0 

2.00 4.0 

2.50 5.0 

3.01 6.0 

0.20 1.1 

5 
0.51 2.7 

1.01 5.0 

1.20 6.0 

0.20 2.1 

10 0.49 4.9 

0.60 6.0 

 

 

 

Regardless of the current I which has been set, the supply 
never outputs a voltage U > U0. 

d) Current limiting 

Calculate the set load resistance RL from each pair of read-
ings for voltage U and current I. 
 
Table 4: Measurements when using the power supply with a 
current limit I0 = 1.5 A 

Voltage 
 

V
 

Current 
 

A
 

Load resistance 
  

 
 

0.0 0.00 

10 
5.0 0.51 

10.0 1.01 

15.0 1.51 

0.0 0.00 

5 5.0 1.02 

7.5 1.49 

0.0 0.00 

2 1.0 0.51 

3.0 1.50 

 

 
 
 
 
 
 
 

 

Regardless of the current V which has been set, the supply 
never outputs a current I > I0. 
 
 
Note: it is sensible to use voltage or current limiting when 
components being investigated may be damaged once a 
maximum value has been exceeded. 

 


