Disney
Engr 10

Using MatLab ver. 6

In this assignment you will experiment with MatLab to solve engineering problems.

MatLab is a mathematical tool that can be used for solving engineering problems.  MatLab and Excel both have computational capabilities but there are differences between the two tools:

Excel is a spreadsheet program.  It allows data to be displayed in grids.  Computations can be performed on the data.  Excel has plotting capabilities.  Spreadsheets were initially designed for financial and accounting applications, but spreadsheets have evolved to become more sophisticated analysis tools.

MatLab was designed to be a mathematical computation tool.  MatLab supports many math commands and functions.  MatLab enables the user to perform polynomial evaluation, root finding, solving differential equations, integrating, and differentiation.  In addition, MatLab has plotting capabilities and supports control structures such as IFs and WHILEs.  MatLab is similar to a programming language that is interpreted rather than compiled.

1- 
MatLab Basics:

Start up MatLab from the Start|Programs menu:
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After opening up MatLab 6.5.2 you will see three windows:  The Workspace, the Command History, and the Command Window.  You will type commands in the Command Window after the >> prompt.  The Workspace window will contain your data and will allow you to view the contents of your variables.

Let’s evaluate the volume of a cylinder that is 8” tall and has a radius of 2”.

Type in the following commands into the Command Window:

>> r=2;

>> h=8;

>> vol = (pi*r^2)*h
% note:  pi=3.1415 and ^ raises r to the power of 2

vol =

100.5310

After each command type a semicolon.  This suppresses MatLab from displaying the results of the variable.  If no ‘ ; ‘ is typed, then MatLab prints the variable as you can see with the vol variable above.

Now let’s evaluate what the radius would be if we wanted a cylinder of the same height, but with 150% more volume.

Type the following commands:

>> new_vol = 1.5*vol;

>> r = sqrt(new_vol/h/pi)

r =

    2.4495

The new cylinder will have a radius of 2.45“ .

Note that MatLab recognizes math functions such as:


+, -, * (multiply), /, and ^ (exponentiation), and sqrt()

Try using the up-arrow and down-arrow keys to scroll to previous commands.  This eliminates the need to retype an entire line if there is a small typo or if you wish to execute the command again.

Complex Number Manipulation

Suppose you have to two complex numbers that you wish to multiply, divide, etc.:

A = 5 + 7j
and
B = -4 + 8j

Type in the following commands:

>> A = 5 + 7j;

>> B = -4 + 8j;

>> pro = A*B;

>> sum = A+B;

>> quo = A/B;

>> diff = A-B;

>> pro

pro =

 -76.0000 +12.0000i

>> sum

sum =

   1.0000 +15.0000i

>> quo

quo =

   0.4500 - 0.8500i

>> diff

diff =

   9.0000 - 1.0000i

Now suppose you wish to see A and B in polar form:

Type in:

>> [angA, magA] = cart2pol(5,7);

>> [angB, magB] = cart2pol(-4,8);

>> angA , magA

angA =

    0.9505

magA =

    8.6023

>> angB , magB

angB =

    2.0344

magB =

    8.9443

Note that the angle is in radians.

Suppose you have the two numbers originally in polar form and you want to multiply, add, divide, etc.

X = 5 (53o) and Y = 7.5 (45o)

Try typing in:

>> [X_real,X_imag] = pol2cart(53*pi/180,5)

X_real =

    3.0091

X_imag =

    3.9932

>> [Y_real,Y_imag] = pol2cart(45*pi/180,7.5)

Y_real =

    5.3033

Y_imag =

    5.3033

>> %now create two complex numbers from x and y values (COMMENT)

>> n1 = 3 + 4j;

>> n2 = 5.3 + 5.3j;

>> sum = n1+n2

sum =

   8.3000 + 9.3000i

>> pro = n1*n2

pro =

  -5.3000 +37.1000i

>> quo = n2/n1

quo =

   1.4840 - 0.2120i

Finding the roots of a polynomial, dividing polynomials, and evaluating a polynomial:
Find the roots of this polynomial:

f(x) = 4x4 – 8x2 + 7x -5

Type in:

>> f = [4, 0, -8, 7, -5]; 
%coefficients

>> roots(f)

ans =

  -1.8258          

   1.1885          

   0.3186 + 0.6889i

   0.3186 - 0.6889i

Divide the polynomial above by:

g(x) = 2x2 -3

Type in:



>> f

f =

     4     0    -8     7    -5

>> g = [2, 0, -3];

>> [quo,rem] = deconv(f,g)
% deconv() is divide for polynomials

quo =

     2     0    -1


% quo = 2x2 -1

rem =

     0     0     0     7    -8

% rem = 7x2 -8

Evaluate f(x) at x=5

Type in:

>> polyval(f, 5)

ans =

        2330

Evaluate f(x) at x= 1, 2, 3, 4, & 5

>> polyval(f, [1:1:5])

% [start:increment:final]

ans =

          -2          41         268         919        2330

Now evaluate and plot f(x) for x=0 to x=10 in increments of 0.1

>> nums = polyval(f, [0: 0.1 : 10]);

>> plot([0 : 0.1 : 10], nums)

>> plot([0 : 0.1 : 10], nums), xlabel('x'), ylabel('f(x)'),grid

plot() should generate:
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Type in:



>> nums   %  this shows all the f(x) values

Evaluate the following polynomial at t=0:

f(x) = 35 e-4t ( 7 cos 5t + 3 sin 5t )

Type in:

>> t=0;

>> a = 35*exp(-4*t)*(7*cos(5*t) + 3*sin(5*t))

a =

   245

Evaluate the same polynomial at from t=0 to t=1 in increments of 0.01

Type in:

>> t=[0: 0.01 : 1];

>> a = 35*exp(-4*t).*(7*cos(5*t) + 3*sin(5*t));

% NOTE the .* operator.  This is used for array multiplication and t is an % array of values.

%Now plot a vs. t

>> plot(t, a), xlabel('time (s)'), ylabel ('Vc') ...  

,grid

%  NOTE:    …  allows text to continue on the next line

[image: image3.png]time (s)




At what value of t is Vc=0?


Type in:



>> a




% This show all the Vc values

>> non_zero = find(a>eps);

%eps is a very small value close to 0

>> non_zero

non_zero =

  Columns 1 through 12 

     1     2     3     4     5     6     7     8     9    10    11    12

  Columns 13 through 24 

    13    14    15    16    17    18    19    20    21    22    23    24

  Columns 25 through 36 

    25    26    27    28    29    30    31    32    33    34    35    36

  Columns 37 through 40 

    37    38    39    40

>> t(40)

ans =

    0.3900
Note that between 0.39 and 0.40 seconds Vc crosses the x axis.

Test your Knowledge
Using what you have learned, solve the following problems:

1.   Find the time for an object to hit the ground if dropped from a given height.

Use:   h = ½ g t2
where g is gravity and t is time




Note that this equation ignores wind resistance/drag




Use gravity in terms of feet/s2
Find time for many different heights and plot h vs. time.

Your plot should look something like:

[image: image4.png]18

15

14

12

08

06

04

(1z8aaueisp

time(sec)




How might you increase the time it takes for the object to fall?

2.  You are to build a fence enclosure as shown below.  The Area of the enclosure is 1600 ft2.  The cost for the fence is $40 per foot for the curved section and $30 per foot for the straight section.  Find the values of R and L that minimize the cost of the fence.


Use:
[val,loc] = min(cost)  to find the minimum in the cost array.


L = (1600 – (0.5*pi.*R.^2))./(2.*R)


Ans:
R = 19 and L = 27.18
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