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You must perform all parts of the experiment below. You will discuss Parts 1l in the Discussion Board M2D1. You will write and submit a Lab Report on Part
.

Neglecting aif resistance. an object setin motion near the surface of the Earth experiences no acceleration along the horizontal direction and constant
‘acceleration due to gravity along the vertical direction. The range can be predicted i the inital position and iniial velocity of the projecile are known through the
use of the kinematic equations of motion.

For the case of an object setin motion near the surface of the Earth, we generally choose a coordinate system in which (y) upward is positive and (1) lies in the
horizontal plane. The motion along these perpendicuiar coordinates is independent and can therefore be freated separately.

We begin with the same equation of motion for a pariicle under constant acceleration.

X=X + Voxt + (112)axt2.
and

¥ =Yo + Voyt + (112)ay12

where, )i the position of the object at fme t and (xg Yo) i th iniial posiion of the abject (at fme t = 0). The values of vox and vy are the x and y
‘components of inialvelocity ofhe object,hile a, and ay are the x and y companents of the consiant acceleration of fre abjec.

Recallthe components of a vector are found using the following trigonometry formulas, where Iv]is the magnitude of the vector and 8 is the elevation.
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Here the initial position is chosen to be the origin of our coordinate system, xg = 0 and yo = 0. In this coordinate system a = 0 and a,

vy = Vi sin(8o)

-gand the general

‘expressions given above assume the form,

where g s the local value of the acceleration due to graviy.

While completing the experiment Projectile Motion, make sure to keep the following guiding questions in mind:

How can we determine the distance an objectwilltravel after being fired o propelled into the air if we know its mass, initial velocity, the force of aravity, and
other variables that may be involved?

Houcan we dstermine the time of ravel to the maximum height of the object upon the parabolic path?

Hour can we dstermine the full ravel time of the object upon the parabolic path over level ground?

Hour can we dstermine the full ravel time of the object upon the parabolic path when the initial and final heights differ?

To complete the experiment you will need to:

Be prepared vith a Laboratory Notebook to record your observations.
Clickthe image belowto open the simulation experiment

Ferform the experiment as described.

‘Transfer your data and results from your Laboratory Notebook into the Iab report template provided at the end of this experiment description.
‘Submit your version of the laboratory experiment report

Part

‘Maximum Height

An objectin projecile motion will ollowa parabolic path. In terms of the vertical component of motion, an initial upward velocity will resultin the objectreaching
‘some maximum height before falling back toward the Earth. Atthe top of the object's arc, the y component of the velocity will be momentarily zero. We can take
‘advantage of this vith one of our kinematic equations,

viy2 - voy?
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\When the vertical displacement (y - o) is equal to the maximum height (Nmay) the final velocity is momentarily zero. Our equation becomes,

Nmax = -Voy2/2g

Let's veriy this prediction now.

« Startthe Projeciile Motion simulation.

« Change the defaultsetings for launch angle and initial velocity
« Use these values to calculate the maximum height o which the projectile wil rise.
« Launch the projectile and use the on screen tape measure to ind the maximum height of the projeciile's arc.

In your laboratory notebook record both your calculated and measured maximum height To within the limis of the available significant digits, s there any.
difference between the two values to report?

Part i - Projectile Motion Over Even Ground

Projectile motion over even ground is a special case in which the iniial and final vertical positions are the same. In other words, y — yo = 0, and the equation
describing vertical motion becomes,

voyt- (12)gt2 =0.
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“This equation has two solutions, t= 0, and
‘many vertical positions tice, once on the way up and once on the way down. The first solution is then simply the launch time. The second is the total time of fi
(TOF). Letus confim this:

gyl A bit of thought vill et you inerpret the two solutions. The parabolic rajectory of the objectuill pass through
ht

Startthe projectile motion simulation
Change the default setiings for launch angle and initial velocity.
Use the mouse to raise the target o the same level s the launcher.
Calculate the total time of light.t = 2voy/.

Use the simulation to measure the TOF.

— Maximum Range

‘The displacementin the horizontal direction (x— o) is called the range. Over even ground the range can be shoun to be,

Range = vo2sin(28)1g

Veriy the predictions ofthis formula nov:

Use the mouse controls to ensure that the target s raised to the same horizontal slevation s the cross hairs on the cannon
Setthe launch angle to 40 degrees and the launch velocity to 18 mis.

Launch the projectile and record the resulting range.

Repeat for all initial launch angles in 1 degree infervals between 40 and 50 degrees.

« Plotand determine visually what the launch angle is that willresultin maximurm range.

In your laboratory notebook discuss the folloving questions. Is the data clear cut, of near 45 degrees and is there a small range of angles which give the same
projectile range? If 5o, take note of all angles hich result i the maximum range being achieved. What measure of the central value vill you uss for the range?
Houewill you determine the uncertainty n this value?

Form a hypothesis concerning the launch angle that il give you the maximum projectile range. This should be an explicit statement of your hypothesis. “The
‘maximum projectile range will resultfom a launch angle of degrees.” Be explicitin your reasoning for choosing this hypohesis.

“Tips: You may have to try a number of difierent angles before you close in on the actual angle which results in the maximum range. Keep the data collected in this.
hunt for your analysis, and eventual data plot
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‘The Lab Report
You are to write and submita Lab Report on Partll ofths experiment (Maximum Range). Click here for a l2b report template [DOCX File Size 14.8 KB].

Write an introduction of at least one page in length. The introduction should showcase your understanding on motion in 2 dimensions, and of projectie
‘moion in particular. Fes! free to use examples from your work in activities | through I o ilusirate the concepts you describe in this section. Be sure to cite
your source(s) in APA format (refer to this Iniro APA Tip Sheet [PDF File Size 45.6 KB].

Write a methods section describing in your oW words the experimental procedure Used to complete the investigation listed in activity il Do not copy and
paste, or simply repeatthe directions given in the course materials.

Write a resuts section. This section should begin ith a paragraph containing the hypotheses you vere directed to form and test during actviy Il This
section should aiso contain any data collectsd, sample calcuiations, analysis, and plots of the data or results

Write your discussion section specifically addressing how your results did or did not support hypothesis used in aciviy i

Write your conclusion. This section should be brief, at most one or two paragraphs, and connectthe discussion with the information contained in the
introduction.

Write the abstract. While this is the first section of your lab report it should be written last. This section should be written in the pasttense, in the third
person and should be a summary of the enire laboratory report




