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Goal
This module will enable students to use Ohm’s Law and electric power formulas to determine the voltage, current, resistance and power in a basic DC circuit.

Objective
Learner will be able to:
· Use Ohm’s Law to determine voltage, current, or resistance
· Define Energy and Power
· Calculate Power in a basic DC circuit


.
Orienting Questions  
· How do voltage, current and resistance relate?
· How do you describe the power in electric circuits?
· How do you calculate the electric power?



INTRODUCTION
Ohm’s Law is a mathematical method for describing the relationship between voltage, current, and resistance.  We use this law to find any three of these quantities.  With these quantities, we can calculate the power of a circuit as well.

3.1 HOW DO VOLTAGE, CURRENT AND RESISTANCE RELATE?
Ohm’s Law state that current is proportional to voltage and inversely proportional to resistance.  The following equation is derived from this law:

[image: ]Given a constant Resistance, when the voltage increases or decreases, so does the current.

[image: ]Given a constant voltage, if the resistance increases, then the current decreases.  If the resistance decreases, the current increases.


EXAMPLE 1
	If we were to change the voltage from 5 V to 20 V in a circuit with 100 Ω, we can prove the previous statements.
	Circuit with 5 V:
				
	Circuit with 20 V:
			
If we wanted to find the voltage, we can take both sides of the equation and multiply by R, giving us:
V = IR
If we needed to find the resistance, we can divide both sides by I.  This gives the equation:
R = V / I
The following graphic (Figure 1) is a good aid for Ohm’s law formulas:     

               [image: ]
Figure 1: Ohm’s Law  (by F-Mohajer )

                  I = V/R			V = IR			R = V / I

EXAMPLE 2
Find the voltage in the circuit when R = 1M ohms and I = 2A
	V = IR
	V = (2A) (1Mohms)
	V = 2 MV
Find the resistance of a circuit with 25 V and a current of 2mA.
	R = (25 V) / (2 mA)
	R = 12.5 k ohms
Find the current if a circuit's supply voltage is 15 V and its resistance is 4700 ohms.
	I = V/R
	I = 15V / 4700 ohms

VOLTAGE AND CURRENT LINEAR RELATIONSHIP
Voltage and current, when resistance is constant, in a resistive circuit are linearly proportional. Linear is when one element is changed by a certain percentage, so is the other.  If we increase voltage by 25% then the current will also increase by 25%.





EXAMPLE 3
	Let’s show an example of a circuit with a voltage change by 50%.  We will find the current and show that it changes by the same percentage.
Using the following circuit:	
[image: ]Figure 2: (by F-Mohajer – Multisim)

I = V / R
I = 10V / 100 Ω = 100 mA
Now let’s increase the voltage by 50%
	10V (50%) = 5V
	10V +5V = 15V
I = 15V / 100 Ω = 150 mA
Did the current increase by 50%? Let’s check.
	100mA (50%) = 50mA
	100mA + 50mA = 150mA
[image: Stop by paulo_tavares - Stop traffic sign]
Complete the following activities                                                         before proceeding to the next section.

3.1 TEST YOUR SKILLS

1. Write Ohm’s law formula for determining:
a. Voltage


b. Current


c. Resistance


2. What happens to the current when a circuit’s voltage and resistance are doubled?


NOTE:	When you see the following movie icon, there is a video to be watched. Click on the hyperlink to access the video.


[image: ]
Click the video icon to view a video about Voltage, Current, and Resistance
 
 A transcript of this video is available below: 
“Voltage, Current and Resistance
Hi it’s Mr. Anderson, and today I will be talking about voltage, current and resistances. All of these things are found in electric circuits. It is hard to see electricity move, and so a lots of times we don’t have a gut instinct of what is really going on. So I always like to start with an analogy, the analogy here is going to be analogy of water and so if we have a bunch of water at the top of a water tower, it has potential energy and potential energy in electricity is going to be called voltage and we measure that in volts. As that water flows down to a toilet or a sink, the current and the symbol for that is I. The current is going to be how much of that water actually flows and so the water’s is going to flow down and eventually through the sinks and toilet. It’s hopefully going to be cleaned and eventually pumped back up to the top of that water tower again. And so what’s resistance we call that are resistance is simply anything that resist the flow of electricity and so anything like smaller pipes or maybe clogging inside the pipes this slow down the passage of the water is going to offer resistances, likewise, anything in a way or anything that slows down electricity is going  to offer resistance. And so voltage in volts, current is measured in amps, and resistance is measured in ohms. And each of them terms comes from a famous scientist that figured something out about electricity. Now today I am going to use what is called the circuit construction kit. If you want to play around with that you can go to this website, it’s called “phet.colorado.edu and they put together wonderful simulation that shows you how electricity actually works and so it’s a circuit construction kit, the one that I am using is a DEC that means direct current construction kit. And so what you can do is you can add a battery, so let’s add a battery  and if you control click on it, right click on it, it will show the value. So this is a nine volt battery, so that means it had that much potential energy, and so the battery that you put in a fire detector would be an example of a nine volt. Let’s add a wire to that, and another wire, and let’s measure the current that flows through it. And so I am going to put a meter here and this is going to measure the amps, which is going to be the current that flows through it. Let’s also grab another wire and let’s make this a complete circuit. So if I grab a wire here and another wire here, and then another wire here also. Now if you know anything about electricity you know that something bad is about to happen. I am about to short this battery, so what happens to a battery when it’s shorted out? Well you can see that the electrons are just cruising around, you see the am meter is off, it is pegged all the way to the top. It also says that it is reduced the animation to less than one percent of its normal speed and so in the lab that’s bad because you will get sparks, and you could also explode your battery. So I am going to split this junction right here, actually let me split it right here. So that is bad, that is not a healthy situation. And now let’s add the third thing so again what we have is voltage that is the potential energy, we have current, that is the flow of the electrons, but now let’s add a resistor. So if we add a resistor to our circuit, and then connect it up, and let it run then we have a healthier looking circuit and so we now have potential energy that is pushing the electrons in this direction. It is going through an am-meter which is measuring the amps as it moves through it, and now we have a resistor and that is something that is slowing down the passage of those electrons. Now let’s show that value. Let’s get back to our terms. 
We’ve got voltage or V, and we can see that is a nine volt battery, we have amperage and so that is going to be current and we use I to explain what current is. That is the symbol for current and we measure that in amps. And then the last thing we have is resistance. And resistance is going to be measured in ohms. So we can actually look at these values and you should be able to figure what is called ohm’s law. So we have nine volts, we have ten ohms of resistance, and we have nine amps. So if you take nine,nine equals ten times point nine, in other words, we could just start with the numbers themselves. So Ohm’s Law, is the V equals, I times R. In other words, the voltage equals current times the resistance.  And so what should happen if we increase the voltage, well if we increase and the resistances is set to it’s not going to change, if we increase the voltage, what should happen to the current, well let’s try it. If I increase the voltage, let’s change the voltage to a higher value, what is going to happen to the amps or current, the current is going to increase, the resistance stays the same, and so as I increase the voltage, what is going to happen to the current, the current is going to increase.  The cool thing about this animation is watch, if we increase the voltage even more, it shows the electrons speed. So the more volts that we add to our battery the more current we get. Now likewise, what happens if we change the amount of resistance?  So now let’s change the resistance and it is 10 ohms, let’s increase it fifty-one ohms, what happens to it well as we increase the resistance then the current is going to decrease…so there is an inverse relationship between the resistance and the current and then there is a direct relationship between the full tension in the circuit. So that is going to be simple that is simply going to be Ohm’s Law. And so you can solve problems, in other words, if I closed this up, and not show you what this is, if I didn’t know what the voltage was but I knew that the current was point nine four amps and I knew that the resistance was fifty one point two five ohms, we should be able to figure out the voltage. And so in a simple circuit you can figure out based on current, based on resistance, and voltage.  The best I remember this is and you may use a different kind of a way to remember this, is I have this pyramid, where I have voltage at the top, current on one side, and resistance on the other, and so all I do is simply use my hand and I cover up the one that I want to find, so let’s say my unknown is voltage, I can cover up the V and that is going to be current times resistance. So if I don’t know the voltage, voltage is simply going to be current times the resistance. If I don’t know the current, so let’s cover that up, current is going to be the voltage divided by the resistance. And likewise if I don’t know the resistance, I will cover that up and resistance is going to be the voltage divided by the current. So this whole thing is called, The Ohm’s Law. And it just shows us the relationship between voltage, current and resistance.  And all of these are named after a famous scientists that worked on electricity. This would be volta, volts come from volta. This would be resistance, so this ohms and then current is amp. (ampere is his name). and so that is ohm’s law, and the easiest way to figure out how each of these things work is to actually use circuit construction kit, or you can also use things like this, we could use a volt meter, we will would put a volt meter right here, and you can put the volt meter in different places and it will measure the voltage. You can use an am-meter and then let me get rid of that for a second, if you really want to have fun, then you would add something you call a light bulb. So if you add a light bulb to this, again we have to have electricity flowing in one direction and then in the other we can actually generate light. And if I change the resistance, I can decrease the amount of resistance and we get greater current, so we have the electrons flowing at a greater rate, and we also have more light and more heat.”

LEARNING OBJECT 
Click on the Hyperlink to Review Learning Object:  Ohm's Law Practice Three 3-2a





3.2 APPLYING OHM’S LAW
In this section there are some examples of applying ohms law to find the three quantities of a circuit. Ohm's Law is a very simple tool for analyzing electrical circuits.  It relates to the electrical quantities voltage, current and resistance to each other.

OHM’s law states: 
Current is directly proportional to voltage
Current is inversely proportional to resistance


Current Calculation:
Find the current in the following circuit shown in Figure 3:
[image: ] Figure 3: (by F-Mohajer – Multisim)
               	
I = V/R 
	  = 10V / 1kΩ
	  = 10mA
Not always will the numbers be whole numbers.  More times than not, you will encounter numbers that are not whole numbers.
EXAMPLE 4
Given a voltage of 25 V with a resistance of 5.2 k ohms, what is the current through the circuit?
	I = V/R
	 = 25V / 5.2 k ohms
	 = 4.8 mA

Voltage Calculation:
Given  I = 5 mA in the circuit shown in Figure 4 , Calculate the voltage?
[image: ]
	                     Figure 4: (by F-Mohajer – Multisim)
          V = IR
	  = (5mA)(56Ω)
	  = 280 mV
EXAMPLE 5
	[image: ] 
Figure 5: (by F-Mohajer – Multisim)
In the circuit shown in Figure 5, if the resistance is 200 ohms and the current is 2 mA, find the voltage.
	V= RI
	V = (200)(.002)
	V =.4 V

Resistance Calculation:
Find the resistance of the light bulb in the circuit shown in Figure 6:
[image: ]
	                               Figure 6: (by F-Mohajer – Multisim)
               R = V / I
	    = 5V / 200mA
	     = 25 Ω



[image: Stop by paulo_tavares - Stop traffic sign]
Complete the following activities                                                                   before proceeding to the next section.

3.2 TEST YOUR SKILLS
[image: ]Figure 7: (by F-Mohajer – Multisim)Use the circuit on the left for the next few problems.  You will be given two values. You will need to find the other.

1.	R = 125 Ω	I =?	Vs = 10 V

2.	R =?		I = 2.5 A	Vs = 5V

3.	R = 100 Ω	I = 5 mA		Vs =?

[image: ]
 Click the video icon to view a video about Ohm's Law Part 2: Ohm's Law                    Applied to Simple Circuits
The transcript for this video is available below:
“Ohms Law is based on the fact that electricity behaviors like a fluid or a gas flowing through pipes. Ohm’ Law states that current equal’s voltage divided by resistance. Or it is sometimes said, that amperes equals volts divided by Ohms. This formula will let you calculate current flowing through something, if you know the voltage across it, and the resistance across it. Rearranging ohms law formula gives the formula for voltage. Voltage equals current multiplied by resistance, or you could say, volts equal amps times ohms.  This formula will let you calculate the voltage across something if you know the current flowing through it and the resistance of it. Rearranging the formula again gives a formula for resistance. Resistance equals voltage divided by current or you can say, ohms equals volts divided by amps. This formula will let you calculate the resistance of something, if you know the voltage across it and the current flowing through it. Let’s take an example. Here is a circuit problem. What is the current in this circuit? Ohm's Law says ‘the current equals voltage divided by a resistance. So we take the voltage seventy-two volts divided by the resistance twelve ohms and we get six amperes.
Here is another problem: we want to find the resistance, so we use Ohm’s Law again. Current equals  voltage divided by resistance.
In this next problem, we want to find the voltage, so we use Ohm’s law again. Voltage equals current multiplied by resistance.  In this circuit problem, we want to find the voltage again, we use Ohm’s Law. Voltage equals current multiplied by resistance.  Here want to find the current; again we use Ohm’s Law. Current equals voltage divided by resistance.  One more example. We want to find the resistance in this circuit, again using Ohm’s Law. Resistance equals voltage divided by current. 
We have employed Ohm’s Law to analyze several simple circuits, later we will apply Ohm’s Law to more complicated complex circuits such as series circuits and parallel circuits. ” 

LEARNING OBJECT 
Click on the Hyperlink to Review Learning Objects:  
Ohm's Law Practice Four 3-2b
Ohm's Law Practice Five 3-2c

3.3 POWER IN ELECTRIC CIRCUITS
As in a light bulb, when there is current through a resistance there is a form of energy from heat, called thermal energy, which is given off from the bulb.  Components in an electrical circuit must be able to dissipate an amount of energy in given amount of time.  
In this section, we will define power and energy and learn the calculations involved with them.

Energy (W) is defined as the ability to do work.  Power (P) is the rate that energy is used.  
P = W / t
If you wanted to find the energy you could multiply the power by time:
W = P. t
The SI unit for energy is the joule (J).  The unit for power is called a watt and is symbolized by W.  Note that the W for work and watt are the same. Do not get them confused.
EXAMPLE 6
What is the power when the amount of energy is 200J used in 5 seconds?
		P = W / t
			= 200J / 5s
			= 40W
Even though the joule has been defined as a unit of energy, there is another term to express it.  The kilowatt-hour (kWh) is a more common unit for energy since most electrical companies deal with huge amounts of energy.  A kilowatt-hour is equal to 1000 W of power for 1 h.
EXAMPLE 7
If we had a light bulb that was 100 W and it burned for 10 hours, it would use 1 kWh of energy.
			W = P. t = (100W)(10h) = 1000 Wh = 1kWh
Current through a resistance causes collisions of the electrons.  These electrons heat up and pass the heat through the resistance.  This causes a conversion of electrical energy to thermal energy, as in Figure 8 below.
[image: ]	
						Figure 8:(by F-Mohajer – Multisim)
Power in an electrical circuit depends on the amount of the resistance and the amount of current:
P = I2R
There are two more equations derived from this equation by substitution:
P = VI
P = V2 / R
These three equations are known as Watt’s law.
EXAMPLE 8
Let’s calculate the power in the next few examples:
	Given 500Ω and current of 2 A:
		P = I2R
		= (22)(500)
		= 2000 W = 2kW
	Given 10 V and 2 A current:
		P = VI
		= (10)(2)
		= 20 W
	Given 25 V and 20 Ω resistance:
		P = V2 / R
		= (25)2 / 20
		= 625 / 20 = 31.25 W
Resistors have a power rating, which is the maximum amount of power they can dissipate before they become damaged by the heat buildup.
Power ratings come in a variety. Metal-film resistors range from 1/8 W to 1 W.  It is important to remember that the power dissipated by a resistor should be lower than the power rating.  If a resistor dissipates .25 W of power then a ½ W rating must be used. 

Power supply efficiency is the ratio of output power (POUT) to the input power (PIN).
Efficiency = POUT  /  PIN
Since input power is always more than the output power because the internal circuit to operate the power supply, there is a power loss.  The following equation is used to calculate the power loss.
				
PLOSS = PIN - POUT 
EXAMPLE 9
A power supply requires 20 W of input power.  It produces an output power of 15 W.  What is the efficiency and the power loss of the power supply?
Efficiency = POUT  /  PIN
	      = 15 W / 20 W
	      = 75%
		PLOSS = PIN - POUT 
			     = 20 W – 15 W
			     = 5 W


[image: Stop by paulo_tavares - Stop traffic sign]
Complete the following activities                                                        before proceeding to the next section.
3.3 TEST YOUR SKILLS
1.	Express the following values of power in the most proper units:
	a.	75,000 W ______________________
	b.	.008 W ________________________
	c.	0.000075 W ____________________
2.	Find the power when the voltage is 120V and the current is 50A.
3.	Determine if the resistor in the circuit shown in Figure 9 has a possibility of being damaged:
[image: ]
Figure 9: (by F-Mohajer – Multisim)
[image: ]
 Click the video icon to view a video GCE (A-level) Physics E22 Power in Electrical Circuits - Part 2 of 2
                      
The transcript for this video is available below:

“Welcome to the second part of lesson on Power in Electrical Circuits. In part one we coved this formula, power is voltage times current, that tells  us that power dissipated by a component is the voltage across it times a current through it. If you wanted the total amount of energy dissipated, we could use this formula, the power of voltage times current time. In part two, we are going to take a look at the formula on the bottom. How to work out power when we know resistance values.  And there is some problems to try, so if you want to get pen and paper, calculator, you can pull up the video and try the questions at the appropriate points. And here is a question to start with, take a look at this part of a circuit, we have five resistor with two amps running through it. Can I remind you that that resistance is voltage divided by current.  Which if rearranged would be V equals IR, or I equals V over R. don’t forget power is voltage times current, so the question is ‘what power is dissipated, that means turn to heat, in the five resistor when a current of two amps flows? If you want to pause the video, try this for yourself. And here is my answer. Well the power formula that we know is voltage times current but we don’t know the voltage, so we start off by working the voltage. V equals IR. The current is two amps, resistance is five ohms. The power is therefore, current times voltage is two amps times the voltage we have just worked out, two times five, that comes to twenty watts. Notice what we ended up doing, was multiplying the current by the current by the resistor. Current time’s current time’s resistance. Is there a general formula to work out, power in this sort of problem, answer is that yes, of course there is. That’s derived it, here is our resistor, our ohms with a current, I amps going through it. We know the power, is I times V but we know V is equal to IR. So we will substitute that into the equation. That gives us I times instead of the V, I will write IR, and that gives us power equals I square R. Go back to the previous problem and that is actually what we did. It was two squared; I was two amps times resistance. Very important formula, very easy to prove. Try another problem, in this problem, you are told the voltage of the resistance. And the question is what power is dissipated in a four resistor with a pd of six volts.  Here is my answer, we will start by calculating the current, I is V over R, so the current will be six volts divided by four. V over R. the power is voltage times current it’s a six volt times six over four and that comes to thirty six over four, nine watts. Notice what we ended up doing, voltage six volts times’ voltage divided by the resistance. And the question is ‘is there a general formula and you guessed it. Let’s prove it briefly; power is voltage times current, we know the I is the V over R. so we are going to use that. Voltage times V over R, that gives us V squared over R is our formula. The power, if we know the voltage the resistance gives by V squared over R. Go back to the previous problem that is what we did. Six times six is V squared divided by 4 ohms. So we have some formula for working out power, P is V times I. P is I square R, and P is V square  over R. Now some students get confused, they ask this, they look at that middle formula, if R gets bigger the power gets bigger but look at the bottom formula the bottom formula where we divide by R would say R gets bigger power gets smaller. What is going on? And I say to them, P is not going to increase, generally, when I increases, P is not going to proportional to R. If you double I, don’t double P unless the current is fixed. So when you change R you might be changing the current with an example in a moment to show this. The same applies for this formula, if you change R, you can’t assume that V square is fixed. P is not inversely proportional to R unless V is fixed. Now if that doesn’t make much sense I hope this example will help you. Let’s look at these two circuits. The top circuit we’ve got five resistors and the bottom circuit we have a ten resistor, and they both have twenty volts supplying the resistor. We have doubled the resistance, the top resistance is only five ohms and the bottom has ten ohms. So we are going to see the effect of doubling the resistances. Resistances doubled here is one for you to try, can you find the currents and the power for each of those circuits what’s the current in the top circuit? What’s the current in the bottom circuit, what’s the power? Pause and I will give you my answer in a moment.  Well here is my answer. First let’s work out the current. I is V over R, it’s twenty over five ohms, which is four amps that would give power of I square R, four square times five, sixteen times five is eighty watts.  So on the top circuit, five over resistor gives eighty watts, power dissipation. 
Do the same thing for the bottom circuit, I equal V over R, this time it is twenty volts over ten ohms, and that is a current of only two amps. I hope you have seen the currents have gone down. Now work out the power using I square R, the current is only two square times ten, which is forty watts. So even though we doubled the resistor and the formula is I square R, we have to remember the I squared might be changing. In fact I square did change, it was four square, sixteen, in the first problem and it dropped to two square only four in the second problem. So be very careful if you try to deduce things from formula, can’t assume I square is constant, if you think about the effect changing resistance. Look through this example, and you will see doubling the resistance has actually halved the current. I square has actually gone down four times, I squared has gone down four times. If you worked out the power using V square over R, you would get the same answers. Eighty watts and forty watts. 
Time to do some problems. Here is a typical problem a three kilowatt kettle, that it’s power dissipation, three kilowatts is designed to operate, at two thirty volts. ( typical in the UK) can you find the resistance of the heating element? And once you have done that what do you think the power output would be  if the kettle is operated at a hundred and fifteen volts instead of two thirty votes? And to do that you can see in the resistance remains the same, sometimes resistance changes like a light bulb, it get higher and higher, the material gets hotter. In this case we are going to assume the resistor is a fixed value, that means the thing of base Ohms’ Law.  So pause the video and read back and have a go for yourself. Now here is my answers, first of all let’s find the resistance of the heating element. We know power is V square over R, so I am going to rearrange that, that gives R. R is V square divided by the power , V power over P. So if I know V and P, I can find the resistance.  R is V square two thirty squared divided by three kilowatts is three thousand watts, so P is three thousand watts, two-thirty squares over three thousand is seventeen point sixty-three recurring. I am just going to give it a couple of decimal places and because rest for the resistance is the finally value so it would be sensible to give the answer two significant figures so eighteen ohms is the resistance. Now the question is what is the power outages kettle is operated at a hundred and fifteen volts? I hope that you see that the hundred and fifteen is  half of two thirty so it is only being operated at half of the voltage, maybe it is being used in some parts of Europe or the states where the voltage is one hundred fifteen volts. The power output we can work out if we want to use in a four –wheel  V square over R, it is one hundred fifteen square over, I am going to user the accurate resistance value toward rounding to avoid rounding errors. Seventeen point six three, it comes to seven hundred-fifty watts. It has gone down a lot since three thousand watts to seven-fifty. 
Could have done that in my head, I know that the power depends on V square, if the resistance is constant, what happens to V squared, if I halved the voltage V square will go down four times that means the power will go down four times. It is a quarter, of three thousand, it is seven fifty watts. Think about that, you can do it quickly by proportionality or you can put the number in the equation like this and it makes a big difference.  Halving the voltage has half the power; it reduces the power four times.
Here is another problem for you, twenty mili amps passing through at five point north kilo resistor. Watts of power dissipated in the resistor what is the power if the current is double. Pause the video and try it. And here is my answer, first of all the first part straightforwardly we use the power equals I squared off formula. The only bit to watch is getting the units right. The current I is twenty mili amps. Well milli is an thousand, tenth to the minus three, do twenty times ten to the minus three, is three amps, all squared. And five kilos is five thousand ohms. If I do that, in your head or on a calculator, it does come to two watts. Perhaps two point not watts would be acceptable, two watts would be acceptable. The second part is effective doubling the current, you could repeat the calculation using forty times ten minus three but there is a quicker way. Since power equals I square R, and we are assuming R is a fixed value five kilos, doubling I will make I squared four times bigger if you double the number its square value gets four times bigger. For example five squared is twenty-five. If you double five it is ten. Ten squared is one hundred, four times bigger than twenty-five. Doubling I will make I square four times bigger and the power will be four times bigger. Two watts times four, eight watts. “

LEARNING OBJECT 
Click on the Hyperlink to Review Learning Objects:  
Power Law 3-3a
Power Law Practice One 3-3b
Power Law Practice Two3-3c
MAJOR CONCEPTS 
KEY CONCEPTS
· In an electrical circuit, the voltage and current are proportional.  The current and resistance are inversely proportional.
· Power is the measurement of energy.  Energy occurs anytime work is performed.
· We can use Watt’s Law to calculate power in an electrical circuit using current, voltage, and resistance.

KEY TERMS
	· Ohm’s Law states that current is proportional to voltage and inversely proportional to resistance
· Linear is when one element is changed by a certain percentage, so is the other.
· Thermal energy is a form of energy from heat.
· Energy (W) is defined as the ability to do work.
· Power (P) is the rate that energy is used.
· Joule (J) is the SI unit for energy.
· Watt the unit for power.
· Kilowatt-hour (kWh) is 1000 watts in 1 hour.
· Watt’s Law states that power in an electrical circuit depends on the amount of the resistance and the amount of current.
· Power rating is the maximum amount of power they can dissipate before they become damaged by the heat buildup.
· Efficiency is the ratio of output power (POUT) to the input power (PIN).
	

	
	

	



	


KEY TERMS CROSSWORD ACTIVITY


Key Terms Crossword
Complete the crossword below using the key terms from this module.
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· Down

· 1. The SI unit for energy.
· 2. The ratio of output power (POUT) to the input power (PIN).

· 4. The maximum amount of power they can dissipate before they become damaged by the heat buildup.
· 6. Power in an electrical circuit depends on the amount of the resistance and the amount of current.
· 7. 1000 watts in 1 hour.



Across
· 3. The rate that energy is used.
· 5. When one element is changed by a certain percentage, so is the other.
· 8. The unit for power.
· 9. A form of energy from heat.
· 10. States that current is proportional to voltage and inversely proportional to resistance.
· 11. The ability to do work.
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LAB
OHM’S LAW LAB
Purpose: The purpose of this lab is to simultaneously measure values of voltage and current in a circuit containing a single resistor.  The values of voltage and current obtained for each resistor will be plotted in excel.  The slope of the linear plot will result in the actual resistor value
Work in groups of 2.  One turn in sheet per group.

Procedure:

1. Obtain 2 resistors.  The values of the resistors should be between 500Ω-5kΩ.  Using the DVM, measure the resistance value of each resistor.
2. Setup the following circuit on a breadboard at a lab station.  We will use the tabletop Digital multimeter to measure the current in this circuit.  We will use a handheld Digital multimeter for measurement of voltage.
Ammeter



[image: ]Voltmeter



                 				Figure 10:(by F-Mohajer – Multisim)


3.  Upon completion of setup, call an instructor for review before you power up and begin taking measurements.  Once approved, you are ready to begin experiment
4. Starting with 1 volt across the resistor, measure the current in the circuit.  Write down the value of the current for VR = 1V.
5. Continue taking current measurements in 1 volt increments up to 12 volts.  Use the data sheet provided. Remember, be aware that the DVM will autoscale, be sure to denote proper unit in data (say mA).
6. Upon completion of measurements for the first resistor, power down the circuit.
7. Using excel spreadsheet program, plot VR vs. I (current).  Make sure your values of current are in Amps and not mA or µA.  I will show you this process prior to you beginning lab.  Your completed plot should look like Figure 11.






Figure 11:(by F-Mohajer )

8.  The slope (∆V/∆I) of the line plotted should be the value of the resistor in ohms.  This is Ohms Law!!
9. Compute the percent difference between the measured value and your slope value.  Show all of your work.  BE NEAT.
10. Repeat experiment using the next value of resistor.
11. Upon completion of lab, put all supplies back in their appropriate place, clean your work area, and be sure all equipment is powered down and computers logged off before you leave.




Data Sheet

R1 meas = __________

R2 meas = __________

Data for R1
	Voltage (VR)
	Current (I)

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	

	11
	

	12
	



Data for R2
	Voltage (VR)
	Current (I)

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	

	11
	

	12
	



ASSESSMENT
SM1.ENT
MODULE REINFORCEMENT
Critical Thinking

1. In your own words, Define the Voltage, Current and Resistance.
2. In the resistor color code, What do each of the four bands indicate?


True or False: Read the following questions and determine whether the statement is true or false.
1. T F	If the current is constant, voltage and resistance are directly proportional.
2. T F	If a 47 kΩ resistor carries 5 mA, it's safe to use a 1W resistor.
3. T F	If a circuit's supply voltage is 15 V and its resistance is 4700 ohms, its current is 3.19 mA.
4. T F	If I = 32 mA and R = 469 Ω in a circuit, the voltage would equal 12 V.
5. T F	When V = 50 V and I = 37 mA the power dissipated by the resistor would be 1.85 W.

Multiple Choice: Read the following questions or statements and select the best answer.
6. If a resistor is rated at ½ W, it:
a. Can safely dissipate ½ W of power
b. Always dissipates ½ W
c. Always provides ½ W of power
d. Can only dissipate more than ½ W of power
7. Power, in electric circuits, can best be defined as:
a. The rate of motion is exerted over time
b. The rate current flows over time
c. The rate voltage is applied over time
d. The rate energy is used over time
8. If V = 100 V and I = 1 mA, the power dissipated by the resistor equals:
a. 10 W
b. 1 W
c. 100 mW
d. 10 mW
9. If V = 25 V and R = 50 kΩ, the current equals:
a. 50 mA
b. 5 mA
c. 0.5 mA
d. 2 mA
10. If I = 27 mA and R = 4.7 Ω, the voltage equals:
a. 127 mV
b. 5.74 V
c. 174 mV
d. 7.8 V
11. What is the resistance of a 150 W bulb when it is operating in a circuit with a supply of 125 V?
a. 75 Ω
b. 104 Ω
c. 9375 Ω
d. 2.14 Ω
12. Resistance and current are __________.
a. Directly proportional
b. Inversely proportional
c. Not related
d. Similar to voltage


module assessment answer key
Module Reinforcement Answer Key
True OR False
1. T
2. F
3. T
4. F
5. T
MULTIPLE CHOICE
6. A
7. D
8. C
9. C
10. A
11. B
12. B













test your skills answer key:
	2.1
	2.2
	2.3

	1a.	V= IR
b.	I = V/R
c.	R = V/I
2.	Nothing happens to current.

	1.	80mA
2.	2 ohms
3.	5mV

	1a.	75kW
b.	8mW
c.	75µW
2.	6kW
3.	Yes. 0.81W






FURTHER STUDY
Textbook Webpage: http://wps.prenhall.com/chet_floyd_electfun_7/0,11675,3005689-,00.html 
 Free textbooks in electronics can be accessed http://www.ibiblio.org/kuphaldt/electricCircuits/






ATTRIBUTION TABLE

	Author/s
	Title
	Source
	License

	paulo_tavares

	Stop

	http://openclipart.org/detail/21826/stop-by-paulo_tavares 

	Public Domain


	Farmeral

	video-icon 

	http://openclipart.org/detail/20262/video-icon-by-farmeral-20262 

	Public Domain


	Farhad Mohajer
	Ohm’s Law
Figure1-11
	Module 3-EET113
	Public domain

	Wisc-online
	Learning Objects
	http://www.wisc-online.com

	Public domain

	bozemanbiology
	Voltage, Current and Resistance
	https://www.youtube.com/watch?v=J4Vq-xHqUo8

	Standard YouTube License 


	Electronicinstructor
	Ohm's Law Part 2: Ohm's Law Applied to Simple Circuits 

	https://www.youtube.com/watch?v=FwEz9ygPHiM
	Standard YouTube License 


	Steve4physics
	GCE (A-level) Physics E22 Power in Electrical Circuits - Part 2 of 2
	
https://www.youtube.com/watch?v=9cjO3LEtGZE

	Standard YouTube License 
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