EAS230: Programming for Engineers
Lab 5
Spring 2006

Lab 5: Modular Program Design with Functions
Objective
The objective of this lab is to learn to design and implement modular programs using functions:
· Define and implement user-defined functions in C++.

· Invoke (call) functions and pass parameters to the functions.

· Process return value from functions.

· Reinforce all the programming concepts learned in Labs 1- 4.
Description
For this lab, you will solve problems that are described below: 
1. We will modify the projectile problem solved in Lab 4 to accomplish the computation of height and distance using functions for various values of the parameters: angle of launch (alpha in the description below), initial launch velocity (v0), and launch height (z0). 
· You will input values of alpha (in degrees), v0 and z0 from standard input (keyboard). 
· Do the degrees to radians conversion inside the function.

· Start at time t=0 and in small increments (say 0.01) call the functions to compute distance and height.

· For a given alpha, v0 and z0 repeat till the projectile hits the ground.

· Repeat the input—compute—output cycle as long as the user wants to continue for different alpha, v0 and z0.

· The prototype for functions are as given below:

double projectileDistance (double time, double alp, double v0);

double projectileHeight (double time,  double alp, double z0, double v0);
· The main function will call the above functions for computing height and distance. To do all the input/output from the main function is a good programming style.

· For each input set, the program will compute a set of r(t) and z(t) and output to the screen as well as to an output file “Lab5a.out”. The output will have three columns - Time, Distance and Height. Each set of output will have heading that shows the angle of launch. A sample output is shown below (the dots imply that there is output before and after):

Projectile Motion with launch angle 30 degrees.

Time   Distance   Height

…
…
…

0.52    2.92717 10.8637

0.53    2.98346 10.8447

0.54    3.03975 10.8247

0.55    3.09604 10.8037

0.56    3.15233 10.7818
…
…
…

…………………………………..

Input the angle of launch in degrees and convert it to radians get alpha. (radians = degree * PI/180.0) 
Submit: Lab5a.cpp, Lab5a.out
For each solution you will develop an algorithm in pseudo code, then develop and execute a C++ program using the VC++ environment.
2. This problem is modified version of two exercises from your text book: Chapter 5, page 225, exercise #38 and #39. Write a single C++ solution Lab5b.cpp. covering the basic problem in #38 and its extension described in #39. Save the output in a file Lab5b.out. Use the code for factorial function we discussed in class. Symbol ! stands for factorial.
The cosine of an angle can be computed from the following infinite series:

*cos x =  1 – (x2/2!) + (x4/4!) - (x6/6!) + …

Write a program that repeats cos x computation for angles 0, 10, 20, 30, ,.., 90 degrees. Formula given requires x to be in radians, so you need to convert the degrees into radians before calling the function. Each of the units added (1, (x2/2!), (x4/4!)..etc.) are called terms. Inside the function compute the cosine using as many terms as needed until the value of the current term becomes less than 0.0001 (e.g. if for a given x, the value of x12/12! Is less than 0.0001, then only use the terms before that i.e. upto x10/10!). Output:

· value computed for cosine using the formula in your function
· value computed using cos() function of cmath library

· number of terms used in the computation when the formula is used.

· The prototype for functions are as given below:

double cosine (double angle);

int factorial (int number);
The output should have the following columns:

Cmath Value 
Approx. value

No. of terms


…

…


…
Submit Lab5b.cpp, Lab5b.out.
* Note that the formula in the book has a typo in plus and minus sign, use this one instead
Visual C++ Environment and Workspace Structure
In order to keep your lab work organized we will maintain them to similar to how organized for lab2 and lab3. You will add project Lab5a and  Lab5b to the EAS230A/EAS230B workspace already created for your first lab. Each of the projects will host the C++ program for the problem stated above.
Template for Program Header
Place the following code at the beginning of every source code file (.cpp) that you submit for this class.

/**************************************************************

* NAME: your name                                             *

* PERSON NUMBER: your person number                           *

* PROGRAM:  Lab name                                          *

* PURPOSE: 1-2 line summary of the purpose of the lab         *

* DATE: Date of last update                                   *

* PLATFORM: Microsoft Visual C++ 6.0 Pro                      *

* Course & Section:                                           *

**************************************************************/

On-line submission of your code 
All source code (.cpp) will need to be submitted using the on-line command which will be given to you during the lecture and lab.  The procedure for submission is as follows:

From your unix command-prompt, do the following:
change directories to where your files are located

run the following command for each file

· submit_eas230a <file>
· where <file> is the name of the file you need to submit.

· For eas230b submit_eas230b <file>

· You will submit three c++ source files: Lab5a.cpp, Lab5b.cpp.
· You will also submit input/output files Lab5a.out, Lab5b.out.
Evaluation

Lab5a 
50% 
Lab5b 
50%i
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