
 

 

 

FYSP1081 / K2  BALLISTIC MOTION 

 

Purposes of the work are 

 to learn to derive predictions based on theory and learn to test them 

experimentally 

 to learn to use a computer for calculating the results and doing calculations 

needed in the error analysis 

 

In this work, error analysis will be used for the first time for a more challenging case. The 

phenomenon under study is not that difficult, but the error analysis turns out to be rather 

complicated. Therefore in this work, you are going to familiarize yourself with the use of 

the computer as a tool to calculate things – calculations using a pen and paper may take 

long time and they can be done much quicker with help of a computer.  

 

General 

In this work, simple ballistic motion will be studied. Ballistic motion or a motion of a 

projectile in (gravitation) force field is an everyday phenomenon but versatile enough to 

be worth studying experimentally in more details. In addition to experimental work you’ll 

learn here how to derive from basic theory equations, which can be verified experimentally. 

The basic, Newton’s mechanics to be tested should be familiar already from your previous 

studies and more thorough insight can be found in text book of basic courses in physics: 

Young & Freedman (11th ed.): chapter 3, especially the chapter “Projectile motion” Before 

the experiment, work out the home works given in the text below. 

 

The results of the experiment will be marked on the logbook form, which is available upon 

entering the student laboratory.  

 

1. Introduction 

The projectile used is a ball made of steel. The projectile acquires its initial velocity 

when it travels through a bent tube shown in Fig. 1. The initial velocity and its direction 

can be controlled by setting the tube to different angles with respect to the gravitational 
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field. The angle of the tube, initial velocity, its direction and flight bath are thus all 

connected together. Before the actual measurements you’ll define the value of local 

gravitation constant g. 

 

With certain assumptions the equations of the simple mechanics are exact and can be 

readily verified with the experiment. The flight bath, the range especially, will be 

calculated with help of measured initial velocities. Though the experiment is simple, it 

needs careful consideration to reach the accuracy needed for meaningful comparisons 

to theory. Estimation of experimental uncertainties and error analysis are a crucial part 

of the exercise. 

2. Theory 

As an introduction to the experimental work, work out the following home works before 

the measurement. 

 

Homework 1: 

a) Derive the following equation for the flight time t as a function of initial angle  and 

the vertical component of initial velocity voy (see fig. 1) 
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where h is the initial height of the ballistic motion.  

 

b) Taking in to account that voy = vosin and vox = vocos, derive the formula for the 

range R of the ball  
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Homework 2:  

The uncertainty of the range will be estimated using the maximum-minimum method. 

Let’s assume that the value for the initial angle is exact (its effect to the range will be 

evaluated during the measurement). Think how the values of initial velocity, gravitation 

constant g and initial height need to be chosen so that either maximum or minimum 

value is obtained for the range. 
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Home work 3:  

Rehearse how mean and error of mean are calculated. 

 

2.1. Determination of gravitational constant g 

  

Gravitational constant g caused by the mass of the earth is a local variable depending 

of the place and height where it is measured (why?). Its average value is given in tables 

of natural constants. Here you’ll measure its local value with a physical pendulum. The 

period time T0 of a mathematical pendulum depends on g and on the length of the 

pendulum as follows: 

2

242

oT

L
o g

g

L
T         ( 3) 

 

Notice that (3) is valid for small angles of swing, only. The uncertainty of g will be 

evaluated using the maximum-minimum method. 

 

 

Figure 1.  Equipment 
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3. Equipment and measurements  

3.1. Determination of gravitational constant g 

 

The pendulum is a homogeneous metal ball hanging on a 2,5 – 3 m thread. Deviate the 

ball 0,05 – 0,10 m from the equilibrium position (is the small angle assumption valid?) 

and let it swing 30 periods (at least). Measure the time taken with a stopwatch. Repeat 

the measurement four times (if you work in a team, each member makes her/his 

independent measurement) and use the mean and its mean error as the result for the 

total time T. Combine all independent results measured by the team to increase statistics. 

 

Calculate T0 with error by dividing T with the number of periods. Measure L and 

estimate its error. Before continuing show your result to the instructor! 

 

Calculate g with error. How does your result compare with the expected local value of 

9,821 m/s2?  Is there any reason why the expected value should be better than yours?  

 

 

 

 

3.2. Determination of range 

 

The equipment of fig. 1 has in addition to the bent, metal tube (K) a scale (C) to show 

the angle of vo. Let the ball fall from rest from A and fly to point D with range R. In 

front of the tube (at position B) there are two photo gates for measuring the initial 

velocity. 

 

3.2.1. Experimental range 

The range will measuring one selected initial angle, with at least 10 repeated 

measurements. Each time, the time between the two photo gates will be recorded using 

the Capstone program. Hitting points are obtained from a coal paper (placed in to a 

catcher box). Make sure that the paper does not move during each set of measurements. 

Release the ball each time with zero initial speed. Measure the distance of the photo 

gates as accurately as possible using a caliber. 
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For the chosen angle  you’ll obtain a pattern of ten points from which the mean range 

R = R1 + R2 (see Fig. 2) can be deduced. 

 

 

Figure 2. Experimental range: R1 is the horizontal distance between the starting point B 

and a reference point on the coal paper (what is the best way to define B?). R2 is 

measured in the (longitudinal) direction of the flight bath from the center of the hit 

points (should you worry about the lateral distribution? If not, why so?). The center 

point determined by measuring the distance of each hit point and calculating the average 

value R2 with error R2. The range is R = R1 + R2 and its error R = R1+ R2.  

 

3.2.2. Theoretical range 

Using the measured fight time between the photo gates their distance calculate the 

initial velocity.  The range of the ball is obtained from equation (2). Calculate the range 

both using the nominal value of g and the value you measured. The uncertainty of the 

range is estimated using the minimum-maximum method. The effects of initial height, 

initial velocity and gravitational constant were already considered in homework 2. The 

value of initial angle has also uncertainty. This is, however, a bit difficult to handle in 

the method we use to analyse the error. It can be estimated, if you use the measured 

values of  vo, g and hα and you do the calculation of R, in addition with the measured 

value of angle, also with its lower  and upper limits. After you have tested how the 

change in the value of initial angle affects the predicted range, estimate the final 

uncertainty of R.  
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4. Discussion of results 

 

Compare the experimental value of range to that calculated using expression (2). 

Comment on the comparisons of the measured and estimated ranges as well as on the 

reasons of their possible difference. 

 

Extra task: Using the computer, study how much each of the error sources (δvo, δg, δh 

and δ contribute to the uncertainty of the theoretically calculated range.  


