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Software Requirements Specification
Programming Test 2 - Projectile Motion

Submission deadline - Monday, October 4 by 9:30pm

Hardcopy (pdf) deadline – Tuesday, October 5 in lab
Introduction 

Purpose: This application will calculate the trajectory or flight of a projectile (in this case cannonball) given its starting velocity and angle to the ground.
[image: image2.wmf]22

2

sin()

Timetoreach maximum altitude  

sin()

Maximum altitude  

2

2sin()cos()

Maximum horizontal distance  

V

T

g

V

H

g

V

D

g

q

q

qq

=

=

=

Background 

General Information:  This is the classic kinematics problem of the flight of a cannonball shot over a flat ground. The cannonball is shot at an initial velocity of V at an upward angle (. 
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The cannonball will reach a maximum altitude H after T seconds before it starts falling down. It eventually reaches the ground at a maximum distance D from the cannon after a total flight time 2T since launch time. During its flight, we assume that the only force affecting the cannonball is the downward force of gravity at the constant gravitational acceleration g (which is equal to 9.81 meters/sec/sec). We neglect the effect of any air friction.
The values of T, H, and D depend solely on the initial velocity V and the shooting angle (, and are given by the following equations:
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In this programming assignment you will create a Java application to compute the above three quantities based on the values of the initial velocity and the shooting angle as entered by the user of your program.

Existing Components: This application must be developed "from scratch". You will use the Keyboard class for your input, but do not need to consider any other program interfaces.

New Components: Your application must consist of single class named Projectile. 

Required Program Structure and Function 

The class named Projectile must be in a single file named Projectile.java. This class must contain a main method. It can also contain other methods. 

Details 

Execution Overview:  (This is the beginning of your algorithm.)

When executed, your application must: 

1. Print the header. 

2. Prompt the user for the inputs (velocity and angle).
3. Calculate the radians.
4. Echo the inputs.

5. Calculate the trajectory values.
6. Print the trajectory values with appropriate labels. 

7. Print an exit message.

Inputs:

There will be two inputs to the program:

· Shooting velocity entered as meters per second.
· Shooting angle entered as degrees.
Input prompts: 


Shooting velocity:

The application must prompt the user to enter this value by displaying the string literal, "Enter initial velocity (in m/s): " (Note the single space between the colon and the closing double quote), then waiting on the same line for the user to enter the angle.  
Shooting angle:
This application must prompt the user to enter this value by printing a blank line, then on the next line displaying the string literal, “Enter shooting angle (in degrees): ” 
Outputs:

Header:
The program should start by sending a blank line to the screen then displaying three Tab characters followed by “The Cannonball Trajectory Problem”. The following line is left blank.



Input Prompts:

See the detailed description of the input prompts above. 

Echo of the Input Values:
The echo of the input value will be preceded by a blank line.  Print the label, “Initial shooting velocity:” followed immediately afterward by two tab characters followed immediately afterward by the value that the user entered, followed by one space and the literal “m/s”. 
On the next line, print the label, “Initial shooting angle   :”, followed by two tab characters followed by the value entered by the user followed by a blank space followed by the literal “degrees”.  
On the same line as the degrees, the literal “ ( = ” should print,  followed by the equivalent radians followed by the literal “ radians)”

See sample output for clarification.

 
Results: 

Leave a blank line before printing the results.  The results will be printed in full sentences as follows:

The cannonball will reach a maximum altitude of hhhhh meters after ttttt seconds.
It will land ddddd meters away from the cannon.
The total flight time is fffff seconds.

Where hhhhh is the maximum height in meters, ttttt is the time to reach the maximum height, ddddd is the landing distance in meters and fffff is the total flight time.  
Exit message:
Before printing the exit message leave a blank line.  On the next line, print two tabs followed by the literal "Exiting program Cannonball Trajectory" followed by the new line character.  If you use the println method, it will automatically put a new line character at the end of the line.  If you use the print method, you will need to put in the new line escape characters.
Executing the Application: 

Users must be able to execute the application from the command line by typing the following: 

    

java Projectile
Sample Execution: 
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When you execute the program it will look something like the following:

Your output must conform to the detailed specification above. This diagram illustrates what your output should look like.  It is intended to help you understand the output requirements above.  Your program will be tested with a variety of data.  Be aware that the tab character produces a different number of spaces on Linux and in DOS.  Be sure you use a tab where a tab is specified.

Deliverables: 

You must submit the file Projectile.java using the standard unix-based submission procedure (both electronic and hardcopy).  You must submit the program no later than 9:30pm on Monday, Oct 04 for full credit.  The successful pdf report must be turned into class the next class period, stapled and with the cover page on top. The cover page is the first page of the pdf report and contains your name, submission date, and the summary of the successful test runs.  All pages of the report must be submitted.
In addition, you must answer the questions in the Other Requirements section and turn the worksheet in as the last page of your report.   

If you submit your successful run after the deadline, a 10-point per day penalty will be assessed for each class day in which the program is late and 10 points for submission from Friday through Sunday night.  This penalty will appear on the cover page of the pdf report.  If you fail to turn in the assignment on time, even if it was run on time, an additional 10-point per day penalty will apply.

As with all assignments, you may turn this programming test in early.
No submission will be accepted after October 11, 9:30pm.  

Other requirements:

· All values displayed by the program are rounded to three decimal places with a minimum of one digit on each side of the decimal point.

· Even though the user enters the initial shooting angle in degrees, the angle must be converted into radians before using the Math class methods. The conversion factor from degrees to radians is equal to 
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 radians per degree. 

· Your program should use constant identifiers wherever appropriate.

· By carefully inspecting the formulae of the trajectory, you should be able to evaluate them in an efficient way avoiding redundant computations.

· Use your program to find out the best shooting angle that will land the cannonball furthest from the cannon when the initial velocity is fixed at 100 m/sec. Show the trials you did to find out this angle.  (See Worksheet)

· What happens when the cannonball is shot vertically upward (at a 90-degree angle) with an initial velocity of 200 m/sec? How high will it go? Where and when will it land? I hope you survive to tell us the story :-)   (See Worksheet).

Standards:

You must follow your instructor’s style guide standards for all application programs.   Be sure to review the Style Guide before proceeding.

Grading:

· You will receive 75% of the grade by successfully submitting the program (which includes passing all submit tests) on time.
· The remainder will be based on your conformance to the Style and Other requirements of the assignment.  Review the Style Guide before your final submission.
· All grades will be based on 100 points.

· If a program does not pass the submit tests, no credit will be awarded.
· You may submit any number of times.  The only one I will count is the one that corresponds to the hardcopy report that you turn in. 

· Successfully submitted programs that are late will be graded, then the 10 point penalty assessed for each day late.  

· NO LABS WILL BE ACCEPTED IF RUN AFTER MONDAY, OCT 11 AND/OR SUBMITTED IN HARDCOPY AFTER TUES, OCT 12 IN LAB.
� EMBED Equation.RSEE4  ���








                        The Cannonball Trajectory Problem





Enter initial velocity (in m/s): 50.0428





Enter shooting angle (in degrees): 45





Initial shooting velocity:              50.043 m/s


Initial shooting angle   :              45.0 degrees ( = 0.785 radians)





The cannonball will reach a maximum altitude of 63.82 meters after 3.607 seconds.


It will land 255.278 meters away from the cannon.


The total flight time is 7.214 seconds.





                Exiting program Cannonball Trajectory
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