CircuitLab and Matlab

ECE 211 Circuits |
Lecture #0

Please visit Bison Academy for corresponding
lecture notes, homework sets, and solutions




Circuit design and analysis 1s usually a three step process:
- First, you design your circuit on paper.
« Next, you simulate your design to make sure it works.
« Then you build your circuit in lab

The tools we'll be using in this class to do this are:

- Matlab: a tool that makes circuit design and analysis much easier. Think of Matlab as a
calculator which can solve 50 equations for 50 unknowns and graph the results.

« CircuitLab: a very friendly circuit simulator which allows you to build a circuit using
drag and drop. Once built, you can find the voltages or run a time simulation to see how
the voltages change over time (useful for AC analysis).

« Breadboards, oscilloscopes, and multimeters: used in lab to allow you to connect
components together to build a circuit.




CircuitLab ( www.CircuitLab.com)
« CircuitLab is a circuit simulator
- Very friendly to use
« Fairly intuitive (can jump right in)
- Multiple tutorials on YouTube are available

Starting Out:
« Create an account
« Use your NDSU email address and it's free
- NDSU ECE pays of university license
« $34/year for personal license (2020 prices)




Starting CircuitLab

To build a circuit, drag and drop components from the left (we'll talk about what each
one 1s later in this course)

R rotates the component
« Double click to change the value
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Click and drag to connect the wires together. Adding labels allow you to look at
different voltages
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To find the voltages, click on

- Simulate

« + Add Expression ( Select VO, V1, and V2)

« Run DC Solver

« Voltages should match what you calculated with Matlab and measured in lab
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You can also look at transient simulation. Change the source to an AC signal and
change R2 and R4 to capacitors
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Now run a Timer Domain simulation
« The input 1s a 1kHz sine wave. Run the simulation for a few cycles (3 cycles or 3ms)

Make the time step 100 to 1000x smaller ( 3us gives 1000 points on the following graph).
If you make the time step too small, it will take some time to finish the simulation.

+ Add expression to see VO, V1, and V2
Click on Run Time Domain Simulation

Should be the same as you measure in lab with an oscilloscope
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Introduction to Matlab
Becoming familiar with MATLAB

« The console
The editor

Scripts

Functions
Graphics Window
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General environment and the console

When you start up Matlab, you get several windows

I usually close everything doen except the command window.

The command window 1is like a calculator:
DG4 MBI 6 @ 2| @ |[Cromen seman s apin D[m[E
>> (2 + 3)*5 > (2 + 3) * 5
ans = 25
25
>> a = (2+3)*5 5> a = (2 + 3)%5
a = 25 o
25
> b = 1.3 * an3 >» b = 1.3 % a3
b = 2.0313e+004 o
2.0313e+004
fi > |




Matrices in Matlab

The syntax to input a matrix are:

[
]
Example:
A= [1,
1
4

start of a matrix

next column (a space also works)
next row

end of matrix.

2,3 ; 4,5,6]
2 3
5 6
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Matrix Operations
Addition & Multiplication:

« Dimensions have to be the same

Multiplication:
« Inner dimensions must match

Matrix Inverse
« Needs to be an NxN matrix

Error message if not
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Semi-Colon

File Edit [ebug Deskiop Window Help

 Exclude: Evaludate and display the result DE14EC 8 3[0 [crmmmarms S mp
« Include: Evaluate and do not display the result AT s s
= [7;8;9];
»>» O = A*B
. c =

Whe.n debugging my code, I usually remove N
semi-colons 122

« Check that the code 1s working correctly fi > |

Once it works, insert semi-colons
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Display Settings

) MATLAB 7.12.0 (R2011a) (=13
File Edit Debug Desktop ‘Window Help
IS 4 Rl 9 o~ @ E | @ |[ciProgam FiesiMATLARIRZ01 1a)bin v @
f O rmat S h O rt Shorkcuts (2] How to Add (2] What's New
pi >> format short
>> pi
3.1416
ans =
format long
3.1416

pi

»>> format long

3.141592653589793

>> pi
ans=s =
format shorteng
p1°30 3.141592653589793
821.2893e+012 >> format shorteng
>> pi~30
ans=s =

821.2893e+012

S >> |

4\ Start




for loops:

x = zeros(1l,5);
for i=1:5
X (1) = 1i*1;
end

while loop
N = 1;
while (rand > 0.1)
N =N+ 1;
end

N = 6

if - if else end
if (rand < 0.1)

die = 6;
else

die = ceil( 6*rand );
end

25

) MATLAB 7.12.0 (R2011a)
File Edit Debug Desktop ‘Window Help

EEX

NE|ls B2~ B2 | @ |C:'I,Prngram Files\MATLABIR2011 2} bin
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shorkcuts (2] Howto add (2] What's Mew
»» X = zeros(l,D);
>»> for 1=1:5
K1) = 1*1i;
end
> X

> N = 17

>» while{rand > 0.1)
N=N+ 1;
end

> N

4\ Start




Scripts and Functions in Matlab

Matlab is also a programming language. This allows you to run the same code over
and over without having to constantly retyping in the code over and over again.

- Scripts are like code you type in the command window. When you run a script, it is like
you just typed in the code 1n the script in the command window

« Functions are subroutines. They allow you to create new commands in Matlab which can
be called by other new functions and so on.

This 1s why Matlab is used by industry so much: you can create a library of functions
and scripts which allow you to design your product.




Scripts:

Suppose you want to see the distribution of
rolling two six-sided dice (2d6) 100 times. This
1s where scripts shine.

- Start with a New Script.

« Get the code to produce 2 random numbers

« Click on the green arrow to run the script (FS)

note: Save the script in the Matlab directory. If
you save it somewhere else on your computer,
Matlab won't be able to find it.

B Editor - C:\Documents and Settings\A dministrator\yy Documents\MATLABYECE211\ ectur... EJ@El
A x

File Edit Text Go Cel Tools Debug Desktop ‘indow Help
DdE|sRB90C (o - henf|R-20-BBEBSE »[0 ¥
Bl -0 |+ | =t |x |wfuk|O
1= Dice = cel1l({ o©*rand(l,2) )
"script .Ln 2 C.ol 1

S — ------1;555!

File Edit Debug Desktop “Window Help
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Once you are convinced the script works,
« Get 1t to sum the two dice
« Then repeat 100 times

This determines the frequency of rolling each
number when rolling the dice 100 times

B Editor - C:\Documents and Settings\AdministratoriMy Documents\MATLABMECEZ1 1\ ectur... |:||E|E
File Edit Text Go Cel Tools Debug Desktop window Help N |rx

;iJE5E_& BR9C SD-NMenf|B-EEORBBE B »0 v
B r=lin] -+ i | x| o0

L= RESULT = zeros (1,12 -
2= for i=1:100
3= Dice = cell( é*rand(l,2) 3;
al = Dice = sum(Dice);
5= RESULT (Dice) = RESULT(Dice) + 1;
&6— ~end
7
i RESULT
sCripk fin 1 cal z0 [
-
MATLAB 7.12.0 (R2011a) -
File Edit Debug Deskiop Window Help
NS | B2 KR |@ _|Administrator\My DocumentsiMATLAB|ECEZ1 1YLecturesioD v|E]
E Shortcuts (2] How to Add  [#] what's Mew
RESULT = T
Columns 1 through 7
] Z 7 9 ) 11 156
Columns 8 through 12
12 7 3 6 3
Jx >> -




The beauty of scripts is that

- If you want to see what happens if you run it a
second time, you can just by clicking the green
arrow again.

« If you want to roll the dice 1000 times instead,

change one line of code (1= 1:100 becomes
1:1000 )

Documents and Settings\A dmin ator\My Documents\MATLABAECE. Lect . =

File .l::d\t T.exl;( éo .CP..,III TsD‘S . Del‘:u;. Deskbop  Window  Help A A X
oA iR | oT-Aenn R-E0-EREBSE »[O ¥
Bl -0+ [ [x K]0

1—  RESULT = zeros(12,1);: =
2= for i=1:1e4
3= Dice = cell{ 6*rand(1l,2) ),
dl|= Dice = sum{Dice);
5— RESULT (Dice) = RESULT (Dice) + 1;
&= end
i
8§~  disp(RESULT)
scripk Ln & Col 13
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Functions

A function 1s a subroutine. It allows you to
create new functions in Matlab that can be
used over and over again.

For example, let's create a function called
NDice. It will be passed two parameters

« N: The number of dice

- Sides: The range of numbers (1..6, 1..12, etc.)

In Matlab,
- click on New Function
- Create the subroutine
- Save with the same name as the function

File Edit Text Go Cel Tools Debug Desktop Window Help
OB R LT - Aenn | B-GR-BRE BEA| O~
BB -l 4| [ [x || @

1 function NDice (N, Sides)
2
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With that you just created a new function in
Matlab called NDice. From the command
window, you can
« Find the sum of rolling 5d6 (total is 18)
 Find the sum of rolling 12d4 (total 1s 26)

| B Editor - C:\Wocuments and Settings\Administratoriidy Documents\MATLAB\ECE21 1 Lectur.... [ 01X
IFlIa Edit Text Go Cell Tools Debug. Deskto_p Window  Help N A X
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1 “lfunction [Y] = NDice(N, Sides) .
2= Y = cell{Sides * rand(1l,N));
L3 = Y = sum(Y) s
14— ‘~end

< Problim x| WDice.m x|

| MDice i e cal 4
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>>» A = NDice(5, &)
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A =

20
»> B = NDice(12,4)
B =

34
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Nested Subroutines

« Subroutines can use other subroutines

Now that you have this function, you can clean

up the script

« Note that since this script uses a function we just
create, other people won't be able to run this
script unless they too create the function NDice.
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aAX

RESULT = zeros(12,1);

for 1=1:100

Dice = NDice(Z,6);
RESULT (Dice)

end

disp (RESULT)

= RESULT(Dice) + 1;
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Plotting Functions in Matlab:
Matlab has some pretty good graphics capabilities.

Matlab Plot Command X axis y axis type of function
plot(x,y) linear linear y=ax+b
semilogx(x,y) log() linear y=a-e”™
semilogy(x,y) linear log() y=a+bln(x)
loglog(x,y) log() log()  y=a-b*
subplot(abc) Create 'a' rows, 'b' columns of graphs.

Starting at #c




For example, plot the function
y=3x+4

X
I

[0:1:10]";
y = 3*x + 4;

% connect the points with a line
subplot (311)

plot (x,v);

% plot a dot at each point
subplot (312)

plot(x,v,"'.");

% connect the points and add a dot
subplot (313);

plot(x,vy,'.-");




Snipping Tool & Homework Sets

A good way to do the homework 1n this class 1s to use MS Word
« Copy and paste your Matlab code in to MS Word
« Delete your mistakes (makes it look like the homework was easy)

For figures, use Snipping Tool
- From Windows, search for Snipping
« Run the snipping tool
- Select the figure you want to use
« Copy and paste it into your MS Word document

When done, submit your Word document on BlackBoard
« .doc file

- pdf file also works




Summary:

CircuitLab 1s a very friendly circuit simulator
 Drag and Drop
- Easy way to check your analysis in this and other classes
« Free for all NDSU students

Matlab is a really useful tool
« You'll be using it in many courses at NDSU
« You'll probably use it when you go to industry
« Think of it as a calculator on steroids
« Free for all NDSU students

We'll be using both a lot in Circuits I
« If your calculations match CircuitLab's results, you probably did the problem correctly




