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Name: ____________________________

Open the simulation: 
https://phet.colorado.edu/sims/html/circuit-construction-kit-dc/latest/circuit-construction-kit-dc_en.html
Double click on the “Lab” box.
Familiarize yourself with the simulation. Play around with the electric components. Drag the wire, battery, light bulb from the panel on the left side and try to build a circuit. When you are finished testing all the settings, click on the orange reset button on the lower right corner.
Step 1: Now build the circuit shown below using a light bulb, a battery and some wires.
[image: ]
Click on the battery in your circuit, and you will see a battery scale appear. Adjust the battery voltage to 6 volts. 
Step 2: Drag the ammeter [image: ]from the panel on the right-hand side and place its crosshair on the wire next to the light bulb to measure the current through the light bulb. The ammeter will display the current. Write down this value below.
Current through the light bulb: I = 0.6A 
Step 3: Use the voltmeter [image: ]to measure the voltage across the light bulb by touching the 
red lead of the voltmeter on one side of the light bulb where the light bulb is connected to the positive terminal of the batter and the black lead to the other side of the light bulb that is connected to the negative terminal of the battery. Write down this voltage below.
Voltage across the light bulb:		V = 6V 
Step 4: According to the Ohm’s law: 		
Use the Ohm’s law along with measured values of V and I to calculate the resistance of the light bulb (assuming that the wires are of negligible resistance). Show all your work below.
I 






Resistance of the light bulb:	R (calculated) = 10
Now click on the light bulb in your circuit, the light bulb resistance will be displayed. Write it down below.
R (actual) = 10 ohms
Does your calculated value match with the actual value?
Your answer: yes, it matches with my previous calculations


 
Step 5: Click on the “schematics components” button link [image: ] located on the lower right corner (above the reset button) and notice how all the components in your circuit are replaced by the standard symbols used in the textbooks. We will use the simulation in the “schematic components” view mode for the rest of this lab.
Step 6: Build the circuit shown below using three light bulbs, battery, and some wires.
[image: ]
Step 7: Click on the battery and set the battery voltage to 12 volts. Click on the light bulb on the left and set its resistance to 10Ω. Similarly set the resistance of the light bulb in the center equal to 20Ω and that of the right-hand side one equal to 30Ω.
Step 8: Use the ammeter to measure the current through each of the light bulbs (by placing the cross hair of the ammeter on wire either before or after the light bulb. Write down the values of these currents below.
I1 (through the light bulb on the left) = 0.20A
I2 (through the light bulb in the center) = 0.20A  
I3 (through the light bulb on the right) = 0.20A
Now measure the total current flowing from the battery by placing the cross hair of the ammeter next to the battery.
Itotal (from the battery) = 0.20A
Step 9: Use the voltmeter to measure the across each of the light bulbs. Write down the values of these voltages below.
V1 (across the light bulb on the left) = -2.0V
V2 (across the light bulb in the center) = -4.0V
V3 (across the light bulb on the right) = -6.0V
Step 10: These light bulbs are connected in series. 
Do you notice any pattern in the currents through the light bulbs connected in series? Explain.
Your answer: Yes, the current flowing in all the bulbs is uniform. This is justifiable in series circuit where current is consistent and directly proportional to resistance. With an increase in resistance consequently leads to an overall current decreases.


Do you notice any pattern in the voltages across the light bulbs connected in series?
Your answer: Yes, as the voltage reduces as each bulb resistance consequently increases. This is because an upsurge in resistance reduces charge flowing in the circuit.    
Is there any relationship between the voltages across each light bulb and its resistance? Explain.
Your answer: yes, the greater the resistance the lower the voltage transmission. Resistance reduces charge resulting to a decrease in the voltage level. Example the 20 ohms’ resistance gives a voltage output of -4.0V compared to a 10 ohms’ resistor which gives a voltage of -2.0V.  



Is there any relationship between the battery voltage and the voltages across the light bulbs? Explain.
Your answer: yes, the voltage decreases as it flows across the bulbs. The decrease in voltage is due to the internal resistance in the light bulbs.



Step 11: Now build the circuit shown below using three light bulbs, battery, and some wires.
[image: ]
Step 12: Click on the battery and set the battery voltage to 12 volts. Click on the light bulb on the top and set its resistance to 10Ω. Similarly set the resistance of the light bulb in the center equal to 20Ω and that of the one at the bottom equal to 30Ω.
Step 13: Use the ammeter to measure the current through each of the light bulbs (by placing the cross hair of the ammeter on wire either before or after the light bulb. Write down the values of these currents below.
I1 (through the light bulb on the top) = 1.20A
I2 (through the light bulb in the center) = 0.60A 
I3 (through the light bulb at the bottom) = 0.40A
Now measure the total current flowing from the battery by placing the cross hair of the ammeter next to the battery.
Itotal (from the battery) = 12V
Step 14: Use the voltmeter to measure the across each of the light bulbs. Write down the values of these voltages below.
V1 (across the light bulb on the top) = 12V
V2 (across the light bulb in the center) = 12V  
V3 (across the light bulb at the bottom) = 12V
Step 15: These light bulbs are connected in parallel. 
Do you notice any pattern in the voltages across the light bulbs connected in parallel?
Your answer: yes, the voltage is uniform across the circuit. This is because in parallel connection all bulbs are directly connected on one end to a high potential (positive end) and the other end to a low potential (negative end) directly from the source of energy.


Do you notice any pattern in the currents through the light bulbs connected in parallel? Explain.
Your answer: yes, unlike in series circuit, the voltage directed into the light bulb is equal in all bulbs. What determines the current is the internal resistance of each bulb where the one with less resistance has a higher current.



Is there any relationship between the current through each light bulb and its resistance? Explain.
Your answer: The more the resistance the less the current flowing through the bulb. The bulbs with greater resistance have a lower flow of current and the vice versa is true. 



Is there any relationship between the total current flowing from the battery and the currents through the light bulbs? Explain.
Your answer: yes. Since it’s a parallel circuit consisting of branches connected to main potentials, the sum of all currents adds up to the total current leaving the cell.



Step 16: Now build the circuit shown below using two light bulbs, battery, a switch, and some wires.
[image: ]
Adjust the battery voltage to 12 volts, resistance of the top light bulb to 12Ω and the bottom light bulb to 6Ω.
Keeping the switch open (bottom light bulb disconnected), use the ammeter to measure the current through each light bulb and the total current flowing from the battery.
I1 (through the light bulb on the top) = 1A
I2 (through the light bulb at the bottom) = 0A
Itotal (from the battery) = 1A
Step 17: Now close the switch and measure the current through each light bulb and the total current flowing from the battery again.
I1 (through the light bulb on the top) = 1A
I2 (through the light bulb at the bottom) = 2A
Itotal (from the battery) = 3A
Notice that there is more current through the smaller resistance as you would expect from the Ohm’s law:

But how would you explain the fact that by closing the switch even though you added another resistance in the circuit, the total current flowing from the battery increases instead of decreasing?
Your answer: The current increases because the bulbs are arranged in parallel. In parallel circuits as the number of resistors increase, the overall current also increases. This implies that even after adding more resistors in separate branches will consequently lead to an increase of the overall current. 


Step 18: Ohm’s law is valid for individual resistors, but it is also valid for the entire circuit so that the total current flowing through the battery is given by:

Where Rtotal is the total or net resistance of the circuit. Rtotal for any number of resistors connected in parallel is given by:
             (resistors connected in parallel)
We have only two resistors in our circuit (two light bulbs) so Rtotal will be given by:

In our circuit: R1 = 12Ω and R2 = 6Ω. Use these values in the above equation and calculate Rtotal. Show all your work below   
.   
R= 4 ohms







Rtotal = 4 ohms
Now use the Ohm’s law to calculate the total current from the battery (remember Vtotal = 12 volts). Show al your work:

12V= IR
I= V/R      


Itotal = 3A
Does your answer match with the total current flowing from the battery that you measured in Step 17?
Your answer: Yes


Step 19: Now, what would be the total or net resistance of the circuit if any number of resistors were connected in series? The answer is: Rtotal= 12ohms + 6 ohms = 18 ohms
             (resistors connected in series)
Let’s test this. Remember that in Step 6 we build the series circuit below:
[image: ]
Where R1 = 10Ω, R2 = 20Ω, and R3 = 30Ω. Find Rtotal using the formula above for the resistors connected in series. Show all your work below. Rtotal =10+20+30= 60ohms
Rtotal= 60 ohms




Rtotal = 60 
Now use Ohm’s law to find the total current flowing from the battery. Show all your work below.
V=IR  12=60I
I= 12/60
I= 0.20A



Itotal = 0.20A
Does your answer match with the total current flowing from the battery that you measured in Step 7?
Your answer: yes



Step 20: Calculate the total current flowing from the battery in the circuit below. Resistors symbols are used instead of the light bulbs here.
[image: ]
Show all your work below:
   R=10
Rtotal=R1 +  R2 + R3
Rtotal= 10+ 20 +10+10= 40ohms
V=IR 10v/ 40 ohms= 0-25A








Itotal = 0.25A
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