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Introduction
This experiment is about learning how to use digital multimeters (DMMs), power supply (PSP), function generator (FG) and digital-storage-oscilloscope (DSO). Digital multimeters allows to measure different element in a circuit such as the current, voltage, resistance and much more. The Function generator and the power supply are the source of energy for the experiment. The output produces by the function generator is a AC voltage similar to one found in houses. Therefore, this experiment will also show the difference between the behavior of DC and AC current and how to analyze it.

Procedure for DC voltage and current measurements
For the first part of the experiment, follow the figure 1.12 in order to make the right connections. Turn the knob on the function generator to adjust Vs and Is. On the circuit board, adjust RL by turning the knob. Measure the current I1, I2 and I3 with the Fluke 8010A by inserting the ammeter in series with the branch. Measure the node voltage with the Agilent 34405A for VA, VE and VC.


Procedure for AC Circuit and Wavelength measurements
Follow the figure 1.13 to obtain the RLC Circuit board. Turn on the function generator to produce an AC current. On the digital-storage-oscilloscope, display the frequency and the RMS on channel 1 and 2. Use auto set to adjust the display on the digital-storage-oscilloscope. Change the settings on the digital-storage-oscilloscope to obtain a sinusoidal wavelengths at 2 Volts for channel 1 and 500mV for channel 2. Adjust the frequency produced by the function general to see the changes on the display. Set the ∆t between two following waveform peaks and print a hard copy.
  
 






RESULTS 
DC Circuit
(a) Use the current measurements of Step 3 to verify the KCL equation : I2 = I1 + I3

I1 = 10.8 mA
 I2 = 8.2 mA
 I3 = -2.6mA
I1 + I3 = 10.8 -2.6 = 8.2= I2
We verified KCL equation: I2 = I1 + I3

(b) Use the node voltage measurements of Step 4 to obtain the branch voltages VEA,
VAB, VAC and VCD ; hence verify the validity of the KVL relations :
VEF = VEA + VAB = VEA +VAC + VCD and VAC + VCD + VBA = 0.We have VE = 5.4967 V

    VA = 2.1V
    VE = 6.4 V
    Vc=1.3V

VEA = VE - VA  = 5.1 V
VAB = VA - 0= 2.1V (B is the ground so Vb=0)
VAC = VA - VC = 0.8V
VCD = VC – 0 = 1.3V

VEF = VEA + VAB = 7.2V
VEF = VEA + VAC + VCD = 7.2V
We find VEF= 7.2 V. Then, we have VEF = VEA + VAB = VEA + VAC + VCD  = 7.2V

Therefore, this verify the KVL equation VEF = VEA + VAB = VEA + VAC + VCD

Now to verify that VAC + VCD + VBA = 0     
VAC + VCD + VBA = 0.8 + 1.3 -2.1 = 0

We verified KVL equation VAC + VCD + VBA = 0

(c) Use all the measured data (voltages & currents) to calculate Is ,the current delivered
by the current source.[Hint: I4 = Vc /100, A] and hence determine the total power
Pdel delivered by the PSP sources.



5(c)
I4= Vc – VD/100 = Vc /100 = 13mA
KCL law:  Is=I1+I3+I4.  (All in = All out)

From 5 a) I1+I3=I2
Is = I2 + I4 = = 21.2 mA.

Therefore : Pdel = VEF*IS = 7.2V * 21.2 mA *10-3 0.15W
The power supplied by the PSP is 0.1526W 

D) Use all the measured data (voltages & currents) to calculate the total power
dissipated Pdiss by elements in the circuit and show that Pdiss = Pdel [of Step 5(c)]
Give possible reasons for any difference observed in the two values of power
We have four resistors which consumes energy in this circuit. Calculating them and finding the sum of them will give Pdiss , therefore the power consumes by this board circuit.
PRL = I2 * VAB = 0.01722W
P100 = I4* VCD = 0.0169W
P300 = VAC * I3 = 0.00208W
P400 = VEA* I1= 0.05508W

Pdiss= P400+P300+P100+PRL = 0.09128W
Pdiss≠Pdel. 
Prevously, it was calculated that the power delivered by the power supply was 
0.1526W which is about 50% greater than Pdiss which is the total power consumed by the resistors. This could be explain by a loss of power in the wires. The energy losses comes from Joule effect such as in transformers and power lines. The energy is lost as heat in the conductors.











RESULTS (AC) Circuit
11(a) The amplitude ratio Vout/Vin in Fig 1.14 is called the Voltage Gain Av. From the
two printouts of Step 10, obtain the values of Av at the two frequencies f1 & f2
used.
Voltage gain for Frequency 1: @ 6463Hz
Vout = 0.5525V
Vin =1.378 V
Av = Vout / Vin = 0.4009 

Voltage Gain for Frequency 2: @7325Hz
Vout = 1.802 V
Vin = 2.099 V
Av = Vout / Vin = 0.8585

11(b) Calculate the phaseshift (in degrees) at the above two frequencies, from the
cursor readings.

Phase shift for Frequency 1: @ 6463Hz
 =360*Channel1Frequency*∆t = 120.99°

For Frequency 2: @7325Hz
 =360*Channel2Frequency*∆t = 181.95°




11(c)
For the first Frequency @ 6463Hz 
ω1=2*π*Chn1f = 40 608.22 radians /sec

Let’s calculate the theoretical voltage gain AV and the theoretical phase shift for Av1

[image: ]





Av1= 0.47V
Φ1= 132.4




Now to calculate the percent difference between the measured and theoretical values, this formula will be used:

[image: https://sciencetrends.com/wp-content/uploads/2018/10/percent-error.png]
%Error for Voltage Gain =  14.7% 
For the phase shift: Error = 9.36% 
[bookmark: _GoBack]It can be seen that the % error for the Voltage is too high, and not acceptable in the range. This could be due to some measurements error and this is why it is very important to be precise during the experiment. For the phase shift, we are pretty close to the theoretical value, therefore in the acceptable range.

Conclusion
At the end of this experiment, we have learned how to use different tools such as the Ammeter and the voltmeter to analyze a circuit and determine the energy flow. We have also learned how to use the digital-storage-oscilloscope, to analyse an AC Circuit and be able to visualise the sinusoidal wavelengths produced by the AC current. These technique taught from this experiment will also help us analyse more precisely other circuit’s board in the future.
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