
Lesson 16 – E5C – Coordinate systems and phasor 
diagrams 
In this section, you're going to learn how to calculate and graph the impedance and phase angle of a circuit. 
Let's start with a review of impedance basics. 

Impedance is the opposition to current flow in an AC circuit. It is created by the interaction of four values. 

FREQUENCY: Resistance, capacitance, and inductance are all fixed values, in the sense that those 
components are what they are, no matter what circuit they are in. Impedance is not a fixed value. You can't 
just go to the electronics parts store and buy x amount of impedance. Impedance varies with frequency. 

RESISTANCE: A resistor in an AC circuit behaves just the same way a resistor behaves in a DC circuit. It 
dissipates electrical power as heat. A 50 ohm resistor in an AC circuit is exactly the same as a 50 ohm resistor 
in a DC circuit. 

CAPACITIVE REACTANCE: A capacitor passes high frequencies, and opposes low frequencies.  

INDUCTIVE REACTANCE: An inductor passes low frequencies – remember, it's essentially invisible to 
direct current, which has a frequency of zero – and opposes high frequencies, just the opposite behavior of a 
capacitor.  

It's those characteristics that let us combine inductors and capacitors in various ways to create resonant 
circuits. 

Reactance affects the phase relationship of voltage and current.  

By controlling the inductance and capacitance in an AC circuit, we control those phase relationships.  

When we mathematically combine the Resistance and Reactance in a circuit, we get Impedance, represented 
in formulas by the letter Z. 

Obviously, this is a more complex calculation than E = I x R. It takes a couple of steps to complete. First, we 
have to calculate the Capacitive Reactance and the Inductive Reactance, then use those to calculate the 
Impedance.  

Resistance is, of course, measured in ohms. So is reactance. So is impedance. While this has been the source 
of confusion for generations of folks trying to learn electronics, it's critical to our calculations that all the units 
are the same. 

The resistive component of the total impedance is equal to the ohms of resistance, no matter what the 
frequency. Simple. There is no "resistive reactance", resistors aren't reactive. They're a "pure" impedance. A 
50 ohm resistor has 50 ohms of impedance, period. That's not true for inductors and capacitors. 

Inductive reactance is :  

푋 =  2휋푓퐿 
In the inductive reactance formula, as the frequency or inductance increase, reactance increases. 
Mathematicians would say that in that formula, frequency, inductance, and reactance have a direct 
relationship. 



Capacitive reactance is the reciprocal of inductive reactance. In a sense, it's the opposite, since capacitors act 
in a manner that's the opposite of inductors. The formula is: 

푋   
1

2휋푓퐶
 

In the capacitive reactance formula, as frequency or capacitance increase, the reactance decreases. It's what 
math folks call an inverse relationship.  

To calculate the total reactance of a circuit containing XL and XC we subtract the XC from the XL. 

푋 = 푋 − 푋   
It's always "subtract XC from XL", never the reverse, because capacitive reactance is a negative value. 

On to the last step: 

This is the formula for Z, impedance: 

푍 =  푅 +  푋  
Impedance equals the square root of the resistance squared plus the reactance squared. 

With a little of the basic algebra you know, we can rewrite that formula as: 

R2 + X2 = Z2 

Or, since there is no rule that says we can't change the letters, we could say... 

A2 + B2 = C2 

It's the good ol' Pythagorean Theorem. Eighth grade math. For all the mystery and mathematics that surround 
the topic, every single impedance problem comes down to nothing but a "what is the length of hypotenuse C" 
problem, and the length of "hypotenuse C" is equal to the impedance. Not only that, but once you do the math 
to graph it out as a triangle, the angle between the base and the hypotenuse equals the number of degrees the 
current is out of phase with the voltage (see below). 

 
Here we have the resistance plotted as a point on the X axis of our graph – that's "X" the axis, not "X" for 
reactance – and reactance plotted on the Y axis. In example above, the reactance is more inductive than 
capacitive, so we end up with a positive value for reactance. We also end up with a positive phase angle. 

If the reactance was more capacitive than inductive, we'd plot a negative number on the Y axis, and end up 
with a triangle like this. 



 
That triangle shows a negative phase angle. 

Spend some time with those triangles.  Get clear about the 
relationships there, especially the positive nature of inductive 
reactance and the negative nature of capacitive reactance. 

Those diagrams have a technical name – they are called "phasor diagrams." 

Notice that in both phasor examples above, we're really just identifying a point on a graph, which is the point 
where the impedance and reactance lines meet. We could specify that point in a couple of ways, and it turns 
out that each different way comes in handy in different situations. 

Imagine that point is a destination where you want someone to meet you. You could tell them, "Ralphie, you 
walk straight down the X road 400 paces, make a 90 degree turn to the left, then walk up the Y road 300 
paces and you'll be there." If you did that, you'd be using what the Amateur Extra exam calls "rectangular 
coordinates." Specifically, the 300 and the 400 are the rectangular coordinates. 

If Ralphie and you know all about this sort of thing, you don't need all those words – you could shorten the 
whole thing down to "(400, 300)", and that's how you'd write the instructions for Ralph if you were both 
mathematicians, engineers, or, say, Amateur Extra ham radio operators. 

Another way you could get Ralph to the same destination would be to say, "Ralphie, stand right here. Now 
turn 36.87 degrees to your left and walk 500 paces and you'll be there." Were you to use that system, Ralph 
ends up at the same spot, but you have used what are called "polar coordinates" and the polar coordinates you 
used were 36.87° and 500. If you had told ol' Ralph to turn 36.87° to his right, we'd call that -36.87°. 

If you gave Ralph those directions in math shorthand, you'd just write, "(500, 36.87°)." Ralph would know 
those were polar coordinates because one of the values is in degrees. 

If we use polar coordinates, we call that line that forms the hypotenuse – in other words, the impedance line – 
a "vector." Vectors have a magnitude, also known on this exam as an amplitude, represented by the length, 
and an angle which is, in this case, the phase angle. 

Because the exam asks about both rectangular and polar coordinates, it's important to get the distinction, 
which is really a pretty simple one; rectangular coordinates specify the points on the X and Y axes, polar 
coordinates specify the angle and length of the hypotenuse, also known as the vector. Realize, too, that in 
practice, no matter which set of coordinates we use, we end up with, basically, the same picture and the same 
values for the reactances, the impedance, and the phase angle. Ralph ends up in the same spot. 

In practice, if we start with a known (or desired) impedance and phase angle, we'd use polar coordinates.  



When we plot polar coordinates, it's handy to use some special polar coordinate graph paper, so this polar 
coordinate plot is on some of that. It has coordinates of (6.5, 35°). 

 
From there, we can calculate what we don't know, which is the resistance and reactance. It's just a matter of a 
tiny bit of trigonometry to calculate the rest of the triangle. 

If we know the resistance and reactance, we'd use the rectangular coordinate system, and we'll give this one 
coordinates of (4,3). 

 
From there, we can calculate the length of the hypotenuse, from (0,0) to (4,3) and the phase angle. 

Are you clear on the distinction between rectangular 
coordinates and polar coordinates? If not, review that 
section. All the impedance plotting questions on the exam use 
rectangular coordinates. 

 

Here come the questions in the question pool that ask you to calculate and plot an impedance.  



Even though there are some simple ways to get to the right answer for half of these with no calculation at all 
(yes!) I'll show you how to calculate each one and suggest you practice each one to get your skills down, 
because two possible questions do require some calculations. 

E5C10 (B) 

Which point on Figure E5-1 best represents the impedance of a series circuit consisting of a 400-ohm resistor 
and a 38-picofarad capacitor at 14 MHz? 

A. Point 2 

B. Point 4 

C. Point 5 

D. Point 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are four possible questions on the exam that ask you to plot a phasor diagram for a particular 
circuit. You won’t need to actually draw the triangle, just locate the point that marks the impedance 
value. It's the same circuit in every question, but the component values are different. All of these 
questions use the rectangular coordinate system. 

Let's do the math – the formula for inductive reactance is: 

푋   
1

2휋푓퐶
 

Plug in the values: 

푋 =  
1

2휋 × (14 × 10 ) × (38 × 10 )  





That should give you an answer of 299.1634269 ohms – call it 300 ohms of capacitive reactance, or, 
more formally, -j300. The total reactance in the circuit, 푋 − 푋 is 0 − 300, since there is no XL in this 
circuit. 

Let's send Ralphie on a walk. Our coordinates for this impedance are (400, -j300) Plot the 400 ohms of 
resistance on the X axis,  

 
then go straight down to the point opposite -300 on the Y axis, where you'll find point 4. 

 
Is there a shortcut for this question? There is if you understand the math of impedance. 

Let's work this out. 



We'll plot the resistance on the X axis. In this case, we have 400 ohms of resistance, and since 
resistance is always a positive number, right away we can narrow down the possible correct points on 
Figure E5-2 to those lined up with the +400 on the X axis, and those are, from top to bottom, points 2, 
6, and 4. Wouldn't you know it, they included all of those points in the answers, so there's no shortcut 
available ...yet. 

Ah, but wait! There's no inductor in this circuit, only a capacitor. Capacitive reactance is always a 
negative value.That tells us the correct answer must be on the negative side of the Y axis, the part below 
the X axis. There's only one point at 400 on the X scale with a negative value on the Y scale and it is 
point 4. 

E5C11 (B) 

Which point in Figure E5-1 best represents the impedance of a series circuit consisting of a 300-ohm resistor 
and an 18-microhenry inductor at 3.505 MHz? 

A. Point 1 

B. Point 3 

C. Point 7 

D. Point 8 

 

 

 

 

 

 

 

 

 

 

 

 

 

This circuit has 300 ohms of resistance, so go to 300 on the X axis. We have already narrowed down 
the possible correct answers to three points, points 3, 8 and 1 

There's only inductive reactance in this circuit, because there's only a coil, no capacitor. That tells us the 
correct answer must be on the positive half of the Y axis – uh, oh, points 3 and 8 are both positive. 
We're not done. We'll need to calculate the inductive reactance. 

The formula for inductive reactance is 푋 = 2휋푓퐿. We know the "f", which is 3.505 MHz, or 3,505,000 
Hz, and we know the L, 18 microhenrys, or 18×10-6 henrys, or 0.000018 henrys. 



푋 = 2휋푓퐿 = 2휋 × (3.505 × 10 ) × (18 × 10 ) = 396.406161훺 



We don’t need all that precision on this answer – call it 400 ohms. (We know that because there’s really 
no way to accurately plot 396.406161 on Figure E5-2.) 

푋 − 푋 = 400 − 0 = 400 표ℎ푚푠 표푟 + 푗400 
In a very scientific and precise fashion, we put our finger on the 300 on the X axis – for the resistance 
of 300 ohms – and go straight up until we're even with the +400 on the Y axis – for 400 ohms of 
inductive reactance – and there's point 3. 

E5C12 (A) 

Which point on Figure E5-1 best represents the impedance of a series circuit consisting of a 300 ohm resistor 
and a 19 picofarad capacitor at 21.200 MHz? 

A. Point 1 

B. Point 3 

C. Point 7 

D. Point 8 

In this problem, we have 300 ohms of resistance. That puts us at 300 on the X axis. Once again, we 
have three possible points.  

Let's calculate the capacitive reactance in this circuit. 

푋   
1

2휋푓퐶
 

푋   
1

2휋 × (21.2 × 10 ) × (19 × 10 )
= 395 ohms 



We have 395 ohms of capacitive reactance in this circuit, so: 

푋 − 푋 = 0 − 395 = −395 표ℎ푚푠 표푟 − 푗395 

Our coordinates are (300, -j395.)  

Can we do this one without calculating the reactance? This circuit has no inductor in it, only a resistor 
and a capacitor, so we know that our correct answer must be in that lower right-hand quadrant where 
we have positive values of X and negative values of Y. There's only one point at 300 on the X axis and 
a negative number on the Y axis, and that's point 1. 

E5C17 (D) 

Which point on Figure E5-2 best represents the impedance of a series circuit consisting of a 300 ohm resistor, 
a 0.64-microhenry inductor and an 85-picofarad capacitor at 24.900 MHz? 

A. Point 1 

B. Point 3 



C. Point 5 

D. Point 8 

 
Only one of these charting questions uses a circuit with both capacitance and inductance, and it's this 
one. 

There's a 300 ohm resistor, so, once again, we find ourselves at 300 on the X axis. That narrows down 
our possibilities to points 3, 8 and 1. 

We'll need to calculate both the capacitive reactance and the inductive reactance. We've just reviewed 
the inductive reactance formula, so let's start with the capacitive reactance. 

푋 =
1

2휋푓퐶
 

We have a capacitance of 85 picofarads, 85 × 10  farads. We are calculating the reactance at 24.900 
MHz, or 24.9 x 106 Hz. 

푋 =
1

2휋푓퐶
=  

1
2π × (24.9 × 10 ) × (85 × 10 ) = 75.197훺 

The keys to press are: 





If you use 6.28 for 2π, you'll get a slightly different answer, one that's actually closer to the choice on 
the exam. From other answers we can deduce that the question committee used 6.28 for their 
calculations. It makes no difference to the final answer selection, though – you'll be close enough either 
way. 

We're halfway home. Now we need to calculate the inductive reactance. We have an 0.64 microhenry 
inductor which is 0.64 × 10  or 0.00000064 henrys, and, of course, the frequency is still 24.9 x 106 
Hz. 

푋 = 2휋푓퐿 = 2π × (24.9 × 10 ) × (0.64 × 10 ) = 100.128훺 



To review, we have 100 ohms of inductive reactance and 75 ohms of capacitive reactance. 

Inductive reactance is a positive value. Capacitive reactance is a negative value. 100− 75 = +25Ω of 
total reactance in this circuit. We find the +25 point on the Y axis above the +300 point on the X axis 
and that's where we find point 8. 

 Practice Exercises 

Fill in the coordinates for R and either +j or –j, then plot the impedances for the sets of components and 
frequencies listed in the table. Use the blank chart similar to Figure E5-2. 

Question # Resistance Inductor Value Capacitor Value Frequency 

1 200 ohms 500 nanohenrys 1.5 nanofarads 2.490 MHz 

2 300 ohms 8 nanohenrys 1 microfarad 443.125 MHz 

3 400 ohms 8 nanohenrys 1 microfarad 7.125 MHz 

4 450 ohms 1 microhenry 8 nanofarads 7.125 MHz 

5 500 ohms 1 nanohenry 80 picofarads 7.125 MHz 

 

Problem 1: (______________, ___j___________) Problem 2: (______________, ___j___________) 

 

Problem 3: (______________, ___j___________) Problem 4: (______________, ___j___________) 

 

Problem 5: (______________, ___j___________) 



 
6. What is the time constant of a circuit having a 300-microfarad capacitor and a 500-ohm resistor, in series? 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

7. What is the reactance of a 50 picofarad capacitor at 146.000 MHz? 

________________________________________________________________________________________ 

________________________________________________________________________________________ 
                              

                              

                              

                              

                              

                              

                              

                              

                              

                              

                              

 



 
 

This polar graph plot is for an advanced in-class assignment, but you're welcome to take it on if you wish. 
The assignment is to use polar coordinates to chart (approximately) the impedance in problem #5. Note: 
You're charting impedance, and phase angle, not resistance and reactance.  


