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Introduction to Alternating Current and Voltage






Goal
[bookmark: _GoBack]This module will provide students with an explanations of the specific characteristics of AC waveform and give students the skills necessary to  calculate the current and voltage in a simple AC resistive circuit.
Objective
Learner will be able to:

· Identify a sinusoidal waveform and measure its characteristics
· Describe how sine waves are generated
· Calculate the voltage and current values of sine waves
· Describe angular relationships of sine waves
· Apply the basic circuit laws to AC resistive circuits
Orienting Questions  
· How can one identify a sinusoidal waveform and measure its characteristics?
· How can I determine the voltage and current values in sin wave?
· How can one apply the basic circuit laws to ac resistive circuit?



Introduction
Alternating current (AC) is found everywhere. The outlets in your house, the power lines, and your car, all carry AC. It is easier to generate and can be converted into DC. This module will give you an understanding of AC current and voltage at a basic level. You will learn the different waveforms and the different values used when dealing with AC. Also the oscilloscope, which is used for viewing the waveform of AC, will be briefly explained, along with how to deal with resistors in a simple AC circuit.
6.1 what is the alternating current(ac)
AC is voltage or current that alternates. The alternating effect is due to the way that it is generated. When AC is graphed out it follows a sinusoidal waveform. The positive and negative sides of the graph represent one direction then the other. Both will be further explained in the subtopics.
	
6.1.1 Generating ac.
AC is produced using laws and properties of magnets and their relationship to electricity. Metal rods are rotated in a magnetic field. This is what generates AC. There are different ways to generate AC. One set up is to have permanent magnets with the north and south poles facing each other. The attraction between the two poles creates a magnetic field between the magnets. A loop of wire or armature is rotated inside of the magnetic field. The rotation causes the magnetic flux to change within the wire, this generates electricity.  See figure 6 - 1
[image: http://upload.wikimedia.org/wikipedia/commons/4/4f/Hawkins_Electrical_Guide_-_3phase_Elementary_3wire.jpg]Magnetic field

 Figure 6 – 1 Hawkins Electrical Guide - 3phase Elementary 3wire.jpg (by DMahalko)

To improve the amount of electricity that is produced, more magnets or loops can be added.  
A permanent magnet that’s placed center and is rotated, if windings of wire are placed close to the magnet, will produce electricity in the windings. This is referred to as a rotating-field alternator, See Figure 6 - 2 for a simple diagram of the alternator.
[image: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcRE2VHIEaaJSUj3LNIK47XOvH_ohUo9xVvONT3O0EoKDx5rGMZT]
	Figure 6 – 2 Alternator (by Gstatic)
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  Complete the following activities                                                         before proceeding to the next section.



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

[image: video-icon by Farmeral - a button I made for choosing video download]Click on the video icon to watch AC Generator
The transcript for this video is available below:
“Do you know that most of our electrical energy comes due from the spinning of rotors in the AC generator power station, like nuclear power stations, thermal power stations and hydroelectric stations and so on? What is an AC Generator? An AC generator is a device which converts mechanical energy into electrical energy. AC Generator was originally designed by Nikola Tesla.
What is ‘’within’? Listed here are the contents of this module. The working of an AC generator is based on electromagnetic induction.  That is, whenever the flex passing through a circuit changes an EMF is induced in it and a current begins to flow. The direction of the induced EMF is given by Flemings Right Hand Rule or Lenz’s Law. 
Flemings Right Hand Rule, stretch the forefinger, the middle finger and the thumb of the right hand, such that they are mutually perpendicular to each other. If forefinger indicated the direction of the magnetic field, thumb indicates the direction of motion of the conductor, and then the middle finger indicates the direction of induced current in the conductor. 
Lenz’s Law, it states that the direction of induced current is such as to oppose the very cause producing it. 
Components of an AC generator and easy generator consist of a magnet pole, an armature, and a current collecting arrangement. The current collecting arrangement consists of slip rings and brushes. Armature is a soft iron core which a coil, having a large number of turns of insulated wire is wound.
Magnetic poles are concave and cylindrical. The concave poles produce a radial magnetic field. 
Slip rings, the ends of the armature are connected to two slip rings. They rotate along with the coil. The slip rings are made of metal and are insulated from each other. 
Brushes, there are two brushes, B1 and B2 made of carbon. One end of each brush is in the contact with the rotating slip rings and the other end is connected to an external circuit. Here the brushes are connected to a galvanometer. Observe that the brushes do not rotate the coil. 
Working, as the armature rotates about an axis perpendicular to the magnetic field it keeps on changing its relative orientation with respect to the field thus the flux keeps on changing with time. This change in magnetic flux induces an EMF. If the outer terminals of the armature are connected to an external circuit an electrical current flow through it. The deflection of the galvanometer needle indicates that an EMF is induced.
Graphical representations, observe the plot and the movement of the coil to understand the nature of the induce EMF. 
Time to explore and learn the working of the AC generator, play around with frequency  and the direction, observe the deflection  of the galvanometer needle and the change in the nature of the graph. This will help you understand the workings of the AC generator.”

6.1.2 waveform
Alternating current (AC) follows a sinusoidal waveform. The current/voltage starts at zero and increases to its maximum peak value. Then it drops back down to zero and goes down to the negative value of its max peak value. See Figure 6 – 3 for a basic sine wave. 
[image: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcR3ESwYdGflq10_FxR-B--UJz11SXuQX6ex0SG03iNNB-_Y_s3wJA]
		Figure 6 – 3 Sine wave (by Gstatic)

[image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcSKozjjosxO0nQiaI00XxjusV_FCqTYaNV3ilZv-_O9D9nTJtXZ4A]
		Figure 6 – 4 Waveforms (by Gstatic)
 

Figure 6 – 4 shows different waveforms. The first one is the standard sinusoidal wave, which is AC voltage and current. The second waveform, square, is used in digital circuits. A DC voltage pulses up then drops to the minimum. The triangular waveform has a steady rise and fall of the voltage. The sawtooth waveform has the same steady fall of a triangle waveform, but it has a pulse to its max peak.

A cycle is the positive and negative alternations of a wave. Refer to Figure 6 –5.
[image: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcR3ESwYdGflq10_FxR-B--UJz11SXuQX6ex0SG03iNNB-_Y_s3wJA]One full cycle

Figure 6–5 Sine wave (by Gstatic, edited by Farhad Mohajer)

The period, symbolize by T is the amount of time it takes to complete one full cycle.
When dealing with waves the frequency is most commonly used. The frequency is the number of cycles completed in one second; the unit is hertz (Hz) and the symbol is f. The following two formulas present the relationship between frequency and the period.
T = 1 / f  	         f = 1 / T	Comment by Windows User: I may not have been clear with the last feedback…
I like how you colored your key terms (the ones that appear in the glossary). Only use red for those terms in the glossary. These equations are not in the glossary so they can be bolded without color to keep the emphasis but prevent confusion. 
EXAMPLE 1
T = 1 s what is the frequency?
Plug the number into equation to get the answer. 	f = 1 / 1 s      so the frequency is 1 Hz.

EXAMPLE 2
What is the period when the frequency is 25 Hz, 50 Hz, and 100 kHz?
1 / 25 Hz = 0.04 s	1 / 50 Hz = 0.02 s	1 / 100,000 Hz = 0.00001 s or 10 microseconds

Angular velocity, symbolize by ω, refers to how quickly the wave moves, it is directly proportional to the frequency. The equation is as follows:	Comment by Windows User: Not in the glossary…
If I notice they are not in the glossary I will take away the color. If you meant for it to be in the glossary, please make that change and recolor. 
ω = 2 * π * f 	(radians per second.)
To find the angle, symbolize by θ, that has been covered in a particular amount of time,  the following equation is used.
θ = ω * t
EXAMPLE 3
Frequency is 350 Hz. Find the angular velocity, then find the angle covered in 2 seconds.
First is to find the ω, simply plug in the values into the equation.	   
ω = 2 * π * 350 Hz = 2199.11 rads/sec
Then you find the angle.						
θ = 2199.11 rads/sec * 2 = 4398.22 rads




[image: Stop by paulo_tavares - Stop traffic sign]

  Complete the following activities                                                         before proceeding to the next section.


6.1 TEST YOUR SKILLS

1. Calculate the period if frequency is:
a. 455 Hz
b. 689 Hz
c. 967 Hz

2. Find the frequency if period is :
a. .005 s
b. 65 ms
c. .04 ms

3. Find the angular velocity when the angle is covered in .5 seconds.
a. 699 Hz
b. 357 Hz
c. 865 Hz

Answers are at the end of the module.

LEARNING OBJECT 
Click on the Hyperlink to Review Learning Object:    Sine Wave Fundamentals 

6.2 measurements of ac voltage and current
	With AC current and voltage there are different values that can be measured. There are also different tools that can be used. In the next two subtopics each one will be explained.
6.2.1 Different measurements. 
With AC there are different measurements to consider and different ways to get them.  The peak value is the maximum positive or negative value with respect to zero. With voltage and current values you can hear peak, peak to peak, or rms. Peak to Peak is the peak value doubled. The rms or root mean square can also be called effective value. The rms is the value most commonly used with AC voltages and currents. The average value is only over half the cycle, because the average over the full cycle results in a value of zero. Below are the relationships between the different measurements. Figure 6 - 6 shows the different values on a sine wave.

V pp = 2 * V p      	V rms = 0.707 * V p    		V p = 1.414 * V rms
I pp = 2 * I p       		I rms = 0.707 * I p     		I p = 1.414 * I rms
V avg = 0.637 * V p	I avg = 0.637 * I p
[image: http://upload.wikimedia.org/wikipedia/commons/5/54/Fig_13.4_The_voltage_of_a_sine_wave.jpg]A graphical view of the different locations of peak, peak to peak, and rms values on a sinusoidal wave.

		Figure 6-6 :The voltage of a sine wave (by  Dale Mahalko)

EXAMPLE 4
Convert the following to peak and rms values: 10 V pp, 40 V pp, and 10 A pp.
Peak values:				rms values:
10 V pp / 2 = 5 V p			5 V p * 0.707 = 3.535 V rms
40 V pp / 2 = 20 V p			20 V p * 0.707 = 14.14 V rms
10 A pp / 2 = 5 A p 			5 A p * 0.707 = 3.535 A rms
EXAMPLE 5
Convert the following to peak and peak to peak values:   20 A rms, 50 A rms, and 100 V rms.
Peak values:				Peak to Peak values:
20 A rms * 1.414 = 28.28 A p		28.28 A p * 2 = 56.56 A pp
50 A rms * 1.414 = 70.7 A p		70.7 A p * 2 = 141.4 A pp
100 V rms * 1.414 = 141.4 V p		141.4 V p * 2 = 282.8 V pp 

[image: Stop by paulo_tavares - Stop traffic sign]

  Complete the following activities                                                         before proceeding to the next section.


6.2 TEST YOUR SKILLS


1. Convert  to peak value:
a. 40 V pp
b. 25 V rms
c. 10 V avg

2. Convert to rms value:
a. 20 V p
b. 15 V pp
c. 9 V avg

3. Convert to avg value:
a. 10 V p
b. 8 V rms
c. 12 V pp

Answers are at the end of the module.

LEARNING OBJECT 
Click on the Hyperlink to Review Learning Object:
 Mathematical Expression of a Sine Wave
 Mathematical Expression of a Sine Wave Practice Problems


6.2.2 Oscilloscope
Typically a voltmeter or ammeter will measure the rms value. To see the waveform of an AC circuit an oscilloscope is used. The oscilloscope usually has ways to adjust the display screen to best see the wave. One adjusts the seconds per division (the horizontal axis.), while another one adjusts the volts per division (the vertical axis). There is also one that moves the wave up or down on the display screen. Figure 6 – 7 shows the front of an oscilloscope.  

[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTXqdmA4QY05k29vQ_Fl-fZqNJ3J20INICyexHGWO1IZeAvh0PL]
					Figure 6 – 7 Oscilloscope (by Gstatic)


[image: Stop by paulo_tavares - Stop traffic sign]
For a quick rundown on how to use an oscilloscope watch the following video:

[image: video-icon by Farmeral - a button I made for choosing video download] Click on the video icon to watch Oscilloscope Tutorial Part 2 - Basic Usage

The transcript for this video is available below:
“This is the second part of my oscilloscope tutorial, showing you how to measure stuff with an oscilloscope. The first thing you are going to play with is your oscilloscope probe. You should have gotten one with your oscilloscope, but if you didn’t, you can get one for ten dollars from mpja.com. All oscilloscopes will have a little continuation switch which you can set them to 1/x or 10/x continuation.  Ninety –nine percent of the time you will just leave it set at 1/x. The x/10 just divides the signal by ten which you usually don’t want to happen unless you happen to be working with high voltages. The oscilloscope probe will have a BNC plug on the back which you will plug the oscilloscope in like this. Once that is done, you do not need to unplug it again. The probe will have two main parts: the ground clip and the tip. The ground clip is an little alligator clip that you are supposed to attach the circuit ground or circuit common, if you don’t know what that means then just connect the ground tip to the negative terminal of your battery. Now the other important part is the probe tip. When you want to measure the voltage in the circuit, you touch the tip of the probe to the part of the circuit you want to observe. You can also use the probe clip thing, to grab wires and circuit, leaving your hands free to do other things.  Now I am going to connect my probe to a signal generator so I can show you a nice easy example. So now that you have your probe clipped on a part of your circuit, you should see some sort of signal on the screen. Let me explain what you’re seeing, the screen is evenly divided up into little squares or divisions. Each division represents a certain number of volts on the vertical axis. One the horizontal axis, each division represents a certain amount of mil-seconds or microseconds. Right now I have it set up to have one volt per division and one second per division for the sake of simplicity. Now you can see it is not so easy to see what is happening in this signal. So we want to zoom in and out, now we do this by changing the volts per division and the seconds per division. The setting you will be using depends on signal you are viewing and your personal preference. And there is no harm with messing with the settings so you can see how to zoom in and out all you want until you get a good feel for what is happening. Also you can use this little position knobs to move the wave up and down so it will fit nicely on your screen. The next thing I want to talk about is, DC coupling and ground coupling. All oscilloscopes will allow you to choice between these modes. DC coupling is generally what you want to use for most circuits because it allow you to view the most DC voltages. Say for example here, I am going to hook up my probe to this nine volt battery. You can see how the line jumped up to show the presences of a DC voltage. If we count the number of vertical divisions we can that the voltage being shown is roughly nine volts also since I have a digital oscilloscope I can see it doing measurement for me. However sometimes you might want to ignore the DC component of it and only focus on the small AC variations. An example of this is if you are trying to discover if you circuit has a nicely filtered power supply. So let look at my simulated example. Over here you can see a power supply that looks like its five volts, but if I set my scope to AC coupling, and zoom in, I can see that in fact there is some tiny AC voltage variation on top of the DC signal. Now according to the display, each division is represented 100 millivolts. So the AC ripple of this signal is approximately 100 millivolts from peak to peak. Now 100 millivolts are fine, that is only two percent of the DC voltage of five volts but if you ever on to a DC power supply with several volts AC on it, you know that something is screwed up and you have got to fix it. Now remember the final type of coupling I talked about? Ground coupling. That basically just means that you are not measuring anything at all, you are just measuring ground. In other words, it is kind of useless setting and the only time you ever use it is when you want to reposition your wave form to represent zero volts right in the middle of the screen. Finally I want to show you the real world example on the head phone amplifier that I built. You can see that when I crank up the column, I get massive fluctuations in the power supple voltages, so what the solution? I have to add some compositors to smooth out that voltage. Now here is what it looks like after the compositors are on or installed, much better and the sound will be much better too. So that is 99 percent of what you will ever need to know about an oscilloscope.”

LEARNING OBJECT 
Click on the Hyperlink to Review Learning Objects: 
Oscilloscope AC Voltage Measurements
Oscilloscope Frequency Measurements


6.3 resistive ac circuit calculations
Resistors in AC circuits act the same as they do in DC. The voltage and current values are calculated the same as DC. Ohm’s law still apply, which is voltage is equal to the current times the resistance. If the voltage or current is measured in rms, then the calculated value will be in rms. The same goes for it if it were in peak or peak to peak.

EXAMPLE 6
If resistor is 100 ohms and  AC voltage source of 25 Vrms (Figure 6 – 8), What is the peak current?
[image: ]
Figure 6 – 8 (by Farhad Mohajer- multisim)

First, calculate the current in rms. Remember that current is voltage divided by resistance. 
25 V rms / 100 ohms = 0.25 A rms 	 This is the current in rms. 
Now we have to convert it to peak.
1.414 * 0.25 A rms = 0.3535 A peak		This is the final answer.

EXAMPLE 7
If Current is 50 mA(peak to peak) and two resistors 7.5 kilo ohms each are in series (Figure 6 – 9), What is the voltage in rms and peak value?
[image: ]
Figure 6 – 9 (by Farhad Mohajer-multisim and paint)

Find the total resistance first.					
7.5 kilo ohms * 2 = 15 kilo ohms 
Then use Ohm’s Law to calculate the voltage.		
	0.05 A * 15000 ohms = 750 Vpp
Now that the voltage is known, we just convert it to the desired forms.
 	750 Vpp / 2 = 375 Vp
 Vp * 0.707 = 265.125 V rms

EXAMPLE 8
500 ohm, 300 ohm, and 1,000 ohm resistors are in parallel (Figure 6 – 10). A 10 V peak voltage is applied. What is the value of current in rms, peak, and peak to peak?
[image: ]
Figure 6 - 10 Circuit schematic three resistors in parallel with a AC voltage source (by Farhad Mohajer-multisim and paint) 

Calculate the total resistance: 		
RT= 1 / ( 1/500 ohms + 1/300 ohms + 1/1000 ohms) = 157.895 ohms
Then the current, which will be in peak form: 		
IT= 10 Vp / 157.895 ohms = 0.0633 A p
Then convert to the current to peak to peak and rms: 	
I pp=0.0633 A p * 2 = 0.1266 A pp
0.0633 A p * 0.707 = 0.04475 A rms
[image: Stop by paulo_tavares - Stop traffic sign]

  Complete the following activities                                                         before proceeding to the next section.


6.3 TEST YOUR SKILLS


1. Calculate the rms voltage if 50 mA p current flows through 250 ohm resistance in  (Figure 6 – 11), 
[image: ]
Figure 6 – 11 (by Farhad Mohajer-multisim and paint)



2. Given 450 ohm resistance, 3 V rms in (Figure 6 – 12), what’s the average current?
[image: ]
Figure 6 – 12 (by Farhad Mohajer-multisim and paint)

3. Given 3 mA pp current, 5 V rms in (Figure 6 -13), Calculate the resistance?
[image: ] 
	Figure 6 – 13 (by Farhad Mohajer-multisim and paint)

Answers are at the end of the module.
6.4 ac phase
An angular measurement that tells the position of a sine wave with respect to something, usually the origin, is referred to as phase. Basically the phase is the angular offset of one wave relative to another . One wave could lead or lag another.
[image: sine wave one]100o
0o
Wave 1	             Wave 2

	Figure 6 – 14 Two sine waves one leading the other (by Farhad Mohajer-paint) 

Figure 6 – 14 shows that wave 1 leads wave 2 by 100o, or you can say that wave 2 lags by 100o.
Wave 1	             Wave 2

[image: sine wave two]-100o
0o

	Figure 6 – 15 Two sine waves being compared (by Farhad Mohajer-paint)

Figure 6 – 15 shows that wave 2 leads wave 1 by 100o, or wave 1 lags wave 2 by 100o.

EXAMPLE 9
What is the phase shift between wave Y and Z in Figure 6 - 16?
[image: sine wave one]      Y	            Z
45o
0o

	Figure 6 – 16 Determining the phase shift between two sine waves (by Farhad Mohajer-paint)

The difference between the two waves is 45o, and wave Y is before Z. Therefore the answer is; Wave Y leads wave Z by 45o. Or Wave Z lags wave Y by 45o.

[image: Stop by paulo_tavares - Stop traffic sign]

  Complete the following activities                                                         before proceeding to the next section.


[image: video-icon by Farmeral - a button I made for choosing video download] Click on the video icon to watch Phase Shift in AC Signals
The transcript for this video is available below:
“Today’s topic is Phase Shift and pacifically phase shifts apply to AC signals and usually sinusoidal AC signals. Now what you see right here is sinusoidal wave forms a red one and a blue one and you can sort of make out that they are the same frequency, except that they reach their peaks across the zero crossing and slightly different times and the phase shifts are really just a measurement of the relative difference between the timing of these two different signals. You can make the timing when they cross zero like they do here, and you have some phase shift of fada alternately we could measure the difference and relative difference between when they reach their peaks and we would get the same amount of phase shift. Now I am going to draw some sinusoidal figures, so they are not going to look as nice as these do but hopefully you will get the same idea. So to start off, you have a plot of voltage and time,  so we are going to look at the phase shift of voltage. ( AC volts). So the first example. You have two sign waves, here is a blue one with some peak and some frequency and here is a red one, a red AC signal, it has a different peak  but you will see that it reaches its peak  at the same time as the blue one and it crosses zero at the same time as the blue and it reaches its negative peak at the same time as the blue comes back to the same and comes back to zero as the blue one. So in this particular case, we got no phase shift between the two, they reach the peaks and cross the zeros at the same time. Now let look at another example. Plot out voltage as it changes over time again I will address the ole blue signal again here, I will call the blue signal A and the red one is called B. and B has a different amplitude and it reaches its peak amplitude well before A does, and it crosses the zero well before A does and it reaches the negative peak before A and it crosses zero the other way before A. so in this case, we have a situation where the signal B comes before A, so we say B leads A or another way to say it is A lags B and to write this out mathematically, we have the equation for A. voltage of A as it changes over time is going to be the p voltage of A times sin2piet and the equation for B to show that B is leading A by a certain amount  the peak of B sin2pieft, and there is one more factor we want to take in account for, that A is leading B so if we give that some value so this plus fi indicates that B is leading A and graphically we can see that B is leading A. Now a third example, we will stick with the same sinusoidal signal for A so define this as our reference, A is our reference, so there’s A  and in this case B is going to be lagging behind A so it reaches the zero crossing after A reaches it peak after A crosses zero the other way after A does reaches it negative peak after A and what happens here well that is its negative peak. There is my A and B and in this case, we can say that A is leading B right now, or another way to say it is  B lags behind A. And if we write these out in mathematically equations, for A there is no phase shift. So we set the peak on whatever the frequency is   and then B does have a phase shift and it is lagging behind A and to indicate the lagging we subtract some of the phase difference between relative difference between when the two reached their peaks. So that distance there, whatever that happens to be is a phase shift of fi. And of course we could have measured it here, and we would have gotten the same number.
I will give you one more example, this example shows why everything is relative. We have a A signal there, and our B signal is going to be 180 degrees out of phase, there are several ways we can say this, we could say that A is 180 degrees out of phase with B, we could say that A leads B by 180 degrees, we could say that A lags behind B by 180 degrees, we could say B leads A  by 180 degrees, or we could say that B lags behind A by 180 degrees . But anyway, you also know that A is equal negative B so if this is sign2pieft  this is going to be negative sign2pieft with whatever amplitude included in there as well. Hopefully this will give you a little bit of information about phase shifts and the fact that phase shifts are comparison of time shifting of sinusoidal signal , I guess they don’t have to be sinusoidal signals but AC signals anyway.” 





6.4 TEST YOUR SKILLS
1)  What is the phase shift in Figure 6 – 17?
	[image: ]100o
0o

Figure 6 – 17 Sine waves on a horizontal and vertical axis (By Farhad Mohajer-paint)

2) What is the phase shift in Figure 6 – 18?
	
[image: ]0o
-50o

Figure 6 – 18 Sine waves being compared to determine the phase shift between them (by Farhad Mohajer-paint)

3) What is the phase shift in Figure 6 – 19?
[image: ]15o
0o
-45o

	Figure 6 – 19 Two sine waves that do not go through the origin (by Farhad Mohajer-paint)

Answers are at the end of the module.
LEARNING OBJECT 
Click on the Hyperlink to Review Learning Object: 
Oscilloscope Phase shift  Measurements


Major Concepts 

KEY CONCEPTS

· Waveforms.
· Waveforms are the form and shape of electrical signals. To describe a waveform one need to use concepts such as peak, peak to peak, rms, period, and frequency.
· Converting from one value to the other.
· Changing a peak value to either peak to peak or rms, and vice versa. Using the formulas; peak to peak = 2 * peak, peak = 1.414 * rms, and rms = 0.707 * peak.
· Resistors in AC.
· Resistors behave the same in AC as they do in DC. Using Ohm’s law, one is able to calculate the current, voltage or resistor in a simple circuit. 

key terms glossary

	Cycle 

Period 

Frequency

Hertz (Hz)

Peak value


Peak to Peak value


rms value



Oscilloscope

Phase



	The positive and negative alternations of a wave.

The amount of time it takes to complete one full cycle.

Number of cycles completed in one second, unit is hertz.

The unit for frequency, 1 Hz equals one cycle per second.

The maximum positive or negative value on a waveform, with respect to zero.

The value of the distance between the max and the minimum values, twice the peak value.


Root mean square value or effective value, it is equal to 0.707 times the peak value.


Instrument used to display the waveform of a circuit.

Angular measurement that tells the position of a sine wave with respect to something, usually the origin.



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

	3.
	The amount of time it takes to complete one full cycle.

	4.
	Angular measurement that tells the position of a sine wave with respect to something, usually the origin.

	5.
	The unit for frequency, 1 Hz equals one cycle per second.

	6.
	Instrument used to display the waveform of a circuit.

	8.
	Root mean square value or effective value, it is equal to 0.707 times the peak value.

	9.
	The maximum positive or negative value on a waveform, with respect to zero.



	


	Down

	1.
	The value of the distance between the max and the minimum values, twice the peak value.

	2.
	Number of cycles completed in one second, unit is hertz.

	7.
	The positive and negative alternations of a wave.





Bottom of Form
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Labs 
Multisim Oscilloscope Lab
Purpose:
The purpose of this lab is to be able to configure the standard oscilloscope in Multisim, connect a function generator to a circuit, and read values with an oscilloscope.

Materials Needed:
	Multisim software


 PROCEDURE:

1. Open Multisim. Look on the right side of the screen and find the icons for the instruments. Move your cursor over each one until you get to the one labeled “Oscilloscope”. Click it once, move your cursor out into the white circuit building area and click to place. 

2. Click on Help at the top of the window and go to Multisim help. Click Find and type “Oscilloscope” – scroll down in the Click a Topic box until you see oscilloscope and click on the oscilloscope topic and display to read. Click on the hotlink “Using the Oscilloscope” and read about the meaning of each setting and viewing oscilloscope results. 

3. Double click the icon of XSC1 in the circuit building area to see the default settings – Timebase 10 mS/Div and 5 V/Div, for both channels. What does the 5V/Div mean? __________________________________________________ 

4. Place the Function Generator onto the circuit building area. Connect + to A and – to – (or G for Multisim 8) on the instruments. Double click the Function Generator icon (XFG1) on the building area and check the output settings (check help if you need to). Place a ground (click under the battery symbol at the top of the page) in the circuit connected to the – lead. 

5. Turn the circuit on by clicking 1 on the rocker switch at the top right. Is the entire waveform displayed on the scope screen? _____ Adjust the timebase and voltage settings on the oscilloscope if necessary. What is the volt/div setting on the oscilloscope? ______________ Can you determine the frequency using the time base value? ______ What is it? _______



Assessment
MODULE ASSESSMENT
True or False, Multiple Choice and critical thinking:  Read the following questions or statements and select the best answer.
1. What is the frequency in MHz?
1. .345 nanoseconds
a. 289.55 MHz
b. 376.27 MHz
c. 258.29 MHz
2. 50 nanoseconds
a. 30 MHz
b. 20 MHz
c. 25 MHz
3. 2 nanoseconds
a. 480 MHz
b. 510 MHz
c. 500 Mhz
2. What is the frequency in kHz?
1. 45 microsecond
a. 22.22 kHz
b. 24.48 kHz
c. 19.49 kHz
2. 33.65 microsecond
a. 30.47 kHz
b. 29.72 kHz
c. 31.82 kHz
3. 78.13 microsecond
a. 8.93 kHz
b. 10.79 kHz
c. 12.80 kHz
3. What is the frequency in Hz?
1. 12.43 ms
a. 80.45 Hz
b. 79.92 Hz
c. 74.80 Hz
2. 36.71 ms
a. 28.49 Hz
b. 27.24 Hz
c. 30.53 Hz
3. 83.46 ms
a. 13.43 Hz
b. 7.97 Hz
c. 11.98 Hz
4. What is the period in milliseconds?
1. 245 Hz
a. 4.08 ms
b. 4.37 ms
c. 4.59 ms
2. 500 Hz
a. 3 ms
b. 2 ms
c. 7 ms
3. 135 Hz
a. 8.42 ms
b. 9.63 ms
c. 7.41 ms
5. What is the period in microseconds?
1. 356 kHz
a. 2.81 µs
b. 3.97 µs
c. 4.95 µs
2. 860 kHz
a. 1.73 µs
b. 1.16 µs
c. 1.64 µs
3. 231 kHz
a. 6.97 µs
b. 8.48 µs
c. 4,33 µs
6. Find the period in nanoseconds for the following frequencies:
1. 752 MHz
a. 1.33 ns
b. 2.93 ns
c. 3.02 ns
2. 491 MHz
a. 3.97 ns
b. 2.04 ns
c. 1.43 ns
3. 621 MHz
a. 2.43 ns
b. 1.24 ns
c. 1.61 ns
7. Convert the following voltages to peak value.
1. 50 V pp	
a. 25 Vp
b. 27 Vp
c. 23 Vp
2. 75 V pp	
a. 36.3 Vp
b. 37.5 Vp
c. 38.8 Vp
3. 25 V rms
a. 32.48 Vp
b. 33.86 Vp
c. 35.35 Vp
8. Convert to peak value for the following currents:
1. 16.3 A rms
a. 23.05 Ap
b. 27.39 Ap
c. 21.74 Ap
2. 24.6 A pp
a. 12.9 Ap
b. 12.3 Ap
c. 12.6
3. 35.8 A rms
a. 52.53 Ap
b. 54.23 Ap
c. 50.62 Ap
9. Convert the following voltages to rms value.
1. 20 V pp
a. 7.07 Vrms
b. 7.91 Vrms
c. 7.21 Vrms
2. 15 V p
a. 10.89 Vrms
b. 10.61 Vrms
c. 10.75 Vrms
3. 35 V p
a. 24.64 Vrms
b. 24.79 Vrms
c. 24.75 Vrms
10. Change the following currents to rms value:
1. 36.7 A p
a. 25.95 Arms
b. 25.43 Arms
c. 25.24 Arms
2. 14.7 A p
a. 10.23 Arms
b. 10.39 Arms
c. 10.53 Arms
3. 47.3 A pp
a. 16.59 Arms
b. 16.42 Arms
c. 16.72 Arms
11. 2, 300 ohm resistor in series and a 9 V rms source (Figure 6 – 21). Find the current in rms.
a. 15 mApp
b. 18 mApp
c. 16 mApp
d. 12 mApp
[image: ]
Figure 6 – 21 (by Farhad Mohajer-multisim and paint)

12. A 400 and 600 ohm resistors in parallel and a 10 V pp source (Figure 6 – 22). Find the current in rms.
a. 15.34 mArms
b. 15.93 mArms
c. 14.73 mArms 
d. 13.20 mArms
[image: ]
Figure 6 – 22 (by Farhad Mohajer-multisim and paint)

13. 45 kiloohm resistor with .05 A rms (Figure 6 - 23). Find the voltage in rms.
a. 2275 Vrms
b. 2227 Vrms
c. 2297 Vrms
d. 2250 Vrms

   [image: ]
			Figure 6 – 23 (by Farhad Mohajer-multisim and paint)
14. 3 kiloohm resistor with 1 mA p (Figure 6 – 24). Find the voltage in rms.
a. 4 Vrms
b. 3 Vrms
c. 6 Vrms
d. 8 Vrms

[image: ]
		Figure 6 – 24 (by Farhad Mohajer-multisim and paint)
15. Calculate the current in peak to peak value. 2.5 kiloohm and a 4kiloohm resistor in series with 12 V p (Figure 6 – 25).	
a. 3.69 mApp
b. 3.72 mApp
c. 3.58 mApp
d. 3.20 mApp
[image: ]
Figure 6 – 25 (by Farhad Mohajer-multisim and paint)
16. A 500 ohm and a 1000 ohm resistor in parallel, a 4 volt peak to peak value (Figure 6 – 26). What is the resulting current in root-mean-square value?
a. 4.13 mArms
b. 4.97 mArms
c. 4.24 mArms
d. 4.58 mArms
[image: ]
Figure 6 – 26 (by Farhad Mohajer-multisim and paint)
17. A 450 ohm, 340 ohm, and a 200 ohm resistor are in parallel with each other, with a 600 ohm resistor in series (Figure 6 – 27). If a 6 volt rms was applied, what would the resulting current be in peak value?
a. 12.43 mAp
b. 12.64 mAp
c. 12.15 mAp
d. 12.27 mAp

[image: ]
Figure 6 – 27 (by Farhad Mohajer-multisim and paint)
18. 2 kiloohm, 1.5 kiloohm, and a 750 ohm resistor are in parallel with each other, and a 450 ohm resistor is in series (Figure 6 – 28). If the current is 56 mA pp, what is the voltage in rms?
a. 16.61 Vrms
b. 16.38 Vrms
c. 16.32 Vrms
d. 16.83 Vrms
[image: ]
Figure 6 – 28 (by Farhad Mohajer-multisim and paint)
19. If the current is 50 mA pp, and the voltage is 4 V rms (Figure 6 – 29). What is the resistance?
a. 22.31 Ω
b. 25.43 Ω
c. 22.46 Ω
d. 23.92 Ω

[image: ]
Figure 6 – 29 (by Farhad Mohajer-multisim and paint)
20. The voltage is 25 V p, and the current is 3.45 mA rms (Figure 6 – 30). What is the resistance?
a. 5038.24 Ω
b. 5124.74 Ω
c. 5344.27 Ω
d. 5795.39 Ω
[image: ]
Figure 6 – 30 (by Farhad Mohajer-multisim and paint)
21. A 30 V pp produces a current of 5 mA rms when ran through a circuit with a 400 ohm resistor in series with an unknown resistor (Figure 6 – 31). What is the value of the unknown resistor?
a. 1823 Ω
b. 1924 Ω
c. 1721 Ω
d. 1356 Ω
[image: ]
Figure 6 – 31 (by Farhad Mohajer-multisim and paint)
22. 25 V rms creates a current of 30 mA p, when ran through a circuit with a 1500 ohm resistor in parallel with an unknown resistor (Figure 6 – 32). What is the value of the unknown resistor?
a. 5323.42 Ω
b. 5935.76 Ω
c. 5348.69 Ω
d. 5494.82 Ω
[image: ]
Figure 6 – 32 (by Farhad Mohajer-multisim and paint)

True or False questions:
23. (True/False) The period is one divided by the frequency.
24. (True/False) Due to the sinusoidal waveform of AC, ohm’s law no longer applies. 
25. (True/False) Rms stands for right middle sine wave.
26. (True/False) Mega Hertz means that the period is in microseconds.
Critical Thinking
27. In your own words explain what AC means.
28. Explain the differences between peak value, peak to peak value, and rms value in your own words.


MODULE ASSESSMENT ANSWER KEY

	1) A)  2898.55 Mhz

B)  20 MHz

C)  500 MHz
	2)  A)  22.22 kHz

     B)  29.72 kHz

     C)  12.80 kHz
	3)  A)  80.45 Hz

     B)  27.24 Hz

     C)  11.98 Hz
	4)  A) 4.08 ms

     B)  2 ms

     C)  7.41 ms
	5)  A) 2.81 microseconds
     
     B) 1.16 microseconds

     C) 4.33 microseconds


	6) A) 1.33 nanoseconds

    B) 2.04 nanoseconds

    C) 1.61 nanoseconds
	7)  A)  25 V p

     B)  37.5 V p

     C)  35.35 V p
	8)  A)  23.05 I p

     B)  12.3 I p

     C)  50.62 I p

	9) A)7.07Vrms

  B)10.61Vrms

  C)24.75Vrms

	10)  A)  25.95 I rms

       B)  10.39 I rms

       C)  16.72 I rms


	11)  15 mA pp
	12) 14.73 mArms

	13)  2250 Vrms
	14)  3 V rms
	15)  3.69 mA pp

	16) 4.24 mA rms

	17)  12.15 mA p
	18) 16.83 Vrms
	19) 226.31 Ω
	20)  5124.74 Ω


	21)  1721 Ω
	22)  5494.82 Ω
	23) True

	24) False
	25) False

	26) True

	
	
	
	




test your skills answer key:

	6.1
	6.2.1
	6.3.1
	6.4

	1. a) .0022 s
b) .0015 s
c) .0010 s

2. a) 200 Hz
b) 15.38 Hz
c) 25 kHz

3. a) 2858.85 rads/sec,   1429.43 rads     

b) 2243.10 rads/sec,   1121.55 rads

c) 5434.96 rads/sec,   2717.48 rads  
	1. a) 20 V p
b) 35.35 Vp
c) 6.37 V p

2. a) 14.14 Vrms
b) 5.30 Vrms
c) 9.99 Vrms

3. a) 6.37 Vavg
b) 7.21 Vavg
c) 3.82 Vavg

	1. 8.84 V rms

2. 6.00 I avg


3. 4714.78 ohm


	1. Phase shift 100o

2. Phase shift 50o

3. Phase shift 60o



Further Study
The book, electronics fundamentals circuits, devices, and applications by Thomas L. Floyd and David M. Buchla is a good place to find useful information about electronics. It is a textbook for basic college classes in electrical study. Here is the web address of a website that explains AC circuits and other items that you will learn later, http://www.animations.physics.unsw.edu.au/jw/AC.html. http://www.allaboutcircuits.com/vol_2/chpt_1/1.html, is another website that will give you more information on circuits, DC and AC circuits.
Free textbooks in electronics can be accessed http://www.ibiblio.org/kuphaldt/electricCircuits/
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Figure 13.4 The voltage of a sine wave
can be uniquely described by any of the
parameters indicated—the peak-to-
peak value, peak value, rms value, or
average value and its period T or
frequency UT.
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