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Aim:  
1.1 To determine the effect of mass on acceleration of a falling object 

1.  To determine the effect of surface area on the air resistance, and thus acceleration towards 
the earth, of a falling object 
 
 
Hypothesis:  
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1.1 If the mass of an object increases then this will have no effect on gravitational 
acceleration of a falling object towards the earth (see background info)  

1.  If the surface area is increased then the air resistance will increase  proportionately and the 
acceleration of the falling object will decrease (see background info and appendix- pg 16) 
Variables:
Method 1 
Independent: The mass of the falling object 
Dependent: The acceleration of the falling 
object 
Controlled: 

- Slide length 
- Height of drop 
- Position of mass (bottom of slide) 
- Position of lightgate 

  
 
 
 
 

Method 2 
Independent: The surface area of the 
parachute 
Dependent: The acceleration of the falling 
object 
Controlled: 

- Mass/surface area of weight 
- Length of string attaching to 

parachute 
- Direction of fall 
- Slide Length 
- Height of drop 
- Position of lightgate 
- Position of mass (Bottom of slide)

Equipment:
Method 1 

● Light gate 
● 2x light gate slides 
● Plasticine  
● Data studio (application) 
● PVC Pipe  (approx. 150 diameter) 
● Thin lightweight string 
● Duct Tape 
● Sticky Tape (clear) 
● Scissors 
● Weighing scales 

 
Method 2 

● Light gate 
● 2x light gate slides 
● Plasticine  
● Data studio (application) 
● PVC Pipe  (approx. 150 diameter) 
● Thin lightweight string 
● Duct Tape 
● Sticky Tape (clear) 
● Scissors 
● Weighing scales 
● Ruler 
● 3x Heavy Duty plastic bag 

 
Risk Assessment: 

Risk Assessment Mitigation 

Projectile Plasticine 
impacting person 

Potential Harm (low) 
Likelihood (low) 

Ensure maturity when handling 

String used as garotte or 
restraint 

Potential Harm (high) 
Likelihood (low) 

Ensure maturity when handling. Do not attempt to 
restrain another person 

Duct tape restraint Potential Harm (medium) 
Likelihood (low) 

Do not attempt to restrain another person. Do not put 
over eyes, nose or mouth 

Lacerations from 
scissors 

Potential harm (high) 
Likelihood (low) 

Do not run with scissors 
Walk with blade facing down 
Do not leave blades open  
Cut away from body 

Crushed appendage Potential harm (medium) 
Likelihood (low) 

Ensure capture of parachute upon release 
Do not have fingers/toes directly underneath fall path 
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Method: 
Setup 

1.  Install Data Studio software  
2.  Set-up apparatus as displayed in diagram (further diagrams see 

appendix pages 19-21) 
3.  Connect light gate to software 
4.  Tape two slides together using clear tape with maintaining equal 

distance between dark sections as rest of slider 
5.  Make a 20g, 50g, 100g and 500g plasticine ball 
6.  Cut garbage bags into 6x6 cm, 17x17 cm and 30x30 cm squares 
7.  Cut 12x 30 cm pieces of lightweight string 
8.  Tie a piece of string to each corner of squares 
9.  Tie a knot connecting all four strings at the bottom

 
Method 1 

1.  Attach 20 g plasticine ball on the end of the 
extended slide 

2.  Place slide in between string guides of PVC 
pipe, with mass below the string. 

3.  Hold the slide, so that the light beam aligns 
with the start of the second dark interval 
(ensures common height) 

4.  Click “Start” on Data Studio 
5.  Release slide  
6.  Click “Stop” on Data Studio 
7.  Repeat test five times (fix surface area of 

mass after each one) 
8.  Repeat steps 1-7 with 50g, 100g and 500g 

plasticine balls using the same slide. 
 

Method 2 
1.  Place 50g 

plasticine ball on 
the end of the extended slide 

2.  Attach the 4 pieces of string from 6x6 
parachute to top of slide 

3.  Hold the slide, so that the light beam aligns 
with the start of the second dark interval 
(ensures common height) 

4.  Click “Start” on Data Studio 
5.  Release slide, ensuring parachute is 

opened 
6.  Click “Stop” on Data Studio 
7.  Repeat test five times (fix surface area of 

mass after each one) 
8.  Repeat steps 1-7 with 17x17 and 30x30 

using the same slide
 
Results: 
Method 1 

- See appendix for raw data (pgs 22-26) 

Mass Tested (kg) Average Acceleration (m/s/s) 

0.02 9.91 ± 0.11 

0.05 9.77 ± 0.10 

0.10 9.88 ± 0.10 

0.50 9.77 ± 0.05 

 
 
 
 
Method 2 

- See appendix for raw data (pgs 26-31) 
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Surface area (m2) Cross 

Sectional 

Average Acceleration 
(m/s/s) 

Average Velocity (m/s) 

0.004 9.61 ± 0.05 2.21 

0.037 8.04 ± 0.13 2.09 

0.118 6.35 ± 0.19 1.81 

 
Analysis: 
Experiment 1 

- See appendix for data table (pg 34) 
 
Experiment 2 

❏ See appendix for calculation derivation (pg 33) 

 

Surface Area (m2) Cross 

Sectional 
Average Force (N) (air 
resistance)(away from earth) 

Average Net Force 
(N)(Towards earth) 

0.004 0.018 0.182 

0.037 0.148 0.106 

0.118 0.355 -0.105 

 

❏ See appendix for data calculation of theoretical acceleration (pg 17) 
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❏ See appendix for table data for graph (pg 18) 

 
Discussion: 
 
Trend Analysis: Experiment 1- theoretical acceleration rates are within experimental error range 
as seen in analysis of experiment 1 (graph). This shows there is no relationship between mass 
and acceleration due to gravity, as expected - see background information. Experiment 2 
supports the proportionately inverse relationship between surface area and acceleration - see 
background research for specific proportionality of this relationship, as seen in the analysis of 
experiment 2 (graph)- as surface area increases average acceleration decreases. It also shows 
the proportionate relationship between surface area and air resistance - see background 
information for the specific proportionality of this relationship. 
 
Reliability of Data (consistency of repeated results): Experiment 1 had a range of error of ± 0.09 
and Experiment 2 had an average range of error of ± 0.12. Every test within each experiment 
was repeated 5 times to verify reproducibility of experiment and therefore reliability of data. 
Initial testing resulted in the spiralling of the picket fence as it fell, in order to increase reliability 
string guidelines were installed on a PVC pipe which acted as a flight path for the picket fence 
without slowing it down in terms of friction or other such forces. As discussed in validity, the 
parachutes were held open to launch to limit variance in opening speed and shape, in doing so 
allowing for more consistent and thus reliable data. As time period of fall impacts acceleration, 
in order to maintain reliability, height of drop was kept the same throughout the experiments. 
 
Validity of Methodology (Controlling of Variables, Testing of Hypothesis): Methods 1 and 2 
directly test acceleration in relation to mass and surface area respectively by controlling all other 
variables to an extent that the only determining factor in the variance of the dependent variable 
(acceleration for both) was that of the independent variable (mass for experiment 1 and surface 
area of parachute for experiment 2). In order to maintain surface area of mass attached to the 
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picket fence which would impact air resistance (see background research) the plasticine was 
remodelled after each subsequent drop- by using a rectangular prism of which the cross 
sectional area was always the same, any increase in weight did not affect surface area. 
As mentioned in reliability, string guidelines on a PVC pipe acted to remove the effect of 
spiralling of the picket fence. Due to the inability to ensure the immediate and constant opening 
of the parachute- thus impacting surface area- the parachutes were held open prior to the drop 
in an attempt to create consistent launch conditions. As any change in the height of the drop 
would alter the total time of the drop and thus impact acceleration measures, the height of the 
drop was kept at a constant across all experiments.  
 
Accuracy of Results (comparison to known or accepted values): For experiment 1 the 
theoretical results were within accepted scientific range of error of the experimental results, thus 
experimental results matched accepted/theoretical values- this is seen in the analysis (graph) of 
experiment 1 where the line of best fit of the theoretical results is within the margin of error for 
the experimental data. Experiment 2 decreased in accuracy as surface area increased due to 
the increasing inability to control surface area and deployment time of the parachute - the 
variance of which was proportionately greater as the parachute size increased. It can be seen in 
the analysis of experiment 2 (graph) that the experimental acceleration is consistently lower 
than that of theoretical- as to be expected of a parachute whose cross-section may not be in the 
shape of a perfect circle (thus increasing surface area), methods of prevention are discussed in 
validity and the results were still within range of error. 
 
Conclusion: 

❏ Hypothesis 1.1 was supported, the data suggests there is no effect of changing mass on 
acceleration due to gravity 

❏ Hypothesis 1 was supported, the data suggests an inverse relationship between the 
surface area of an object and the acceleration due to gravity 

❏ The aim was accomplished, both the effect of mass on acceleration of a falling object 
and the effect of surface area on acceleration of a falling object were determined. 

 
Bibliography (Background Research) 

➔  Newton's Law of Universal Gravitation. (n.d.). Retrieved November 30, 2016, from 
http://www.physicsclassroom.com/class/circles/Lesson-3/Newton-s-Law-of-Universal-
Gravitation  

➔ "Newton's Law Of Universal Gravitation". Physicsclassroom.com. N.p., 2016. Web. 30 
Nov. 2016. 

➔ "How Does Mass Affect The Speed Of Falling Objects? | Socratic". Socratic.org. N.p., 
2016. Web. 30 Nov. 2016. 

➔ "How Does Mass Affect The Speed Of Falling Objects? | Socratic". Socratic.org. N.p., 
2016. Web. 30 Nov. 2016. 
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Research 

Report 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Interferometry is a development in technology that enhances our understanding of 

gravity 

 

An interferometer is a device which measures the interference pattern caused by the merging of 

two or more sources of light. These measurements are often incredibly small and cannot be 

made any other way - capable of calculating a change in distance of only 1/10,000th the width 

of a proton.  
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Interferometry is built upon the analysis of interference patterns in light. Interference is where 

two waves meet, overlapping and interacting to form a resultant wave- known as superposition. 

As seen below, waves can add together to form a bigger waves- constructive interference, or 

may cancel each other out- destructive interference. 

 

Image credit: Adapted from www.explainthatstuff.com  

 

 

 

Interferometers focus on another type of interference though- interference fringes. Constructive 

and destructive interference occurs only when the peaks of the respective waves align, that is, 

they are in phase. Interference fringes, however, occur when two waves are partly in phase with 

each other; adding two waves that are partly in phase results in a third, wave with a different 

pattern- a pattern of light and dark areas, as seen in the Figure below,  which is measured by an 

interferometer.  

http://www.explainthatstuff.com/
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Image Credit: http://www.a-levelphysicstutor.com/quantphys-wp-duality.php  

 

The basic idea of an interferometer involves splitting a beam of light into two equal halves using 

a half-mirror, with half the beam travelling straight through whilst the other half is reflected at a 

90 degree angle. Each beam then travels down the arm of the interferometer before being 

reflected back to the half mirror, at which the two beams superimpose and become one again, 

continuing to travel to a photodetector which measures the resulting beams brightness. If the 

two beams travel exactly the same distance then the photodetector will either record a beam as 

bright as the original, pre-split beam, or nothing at all- depending on the setup of the mirrors.  

 

However if one beam travels even a fraction further than the other then the waves will be slightly 

offset from each other and results in the waves interfering in a different way. The resultant beam 

will be an interference fringe picked up by the photodetector and thus by inspecting and 

measuring the fringes, one can calculate the extra distance travelled with great accuracy. The 

Figure below depicts the Michelson Interferometer- the standardised model of an interferometer 

which illustrates the process above. The simplicity and the passive nature of interferometry 

means that is has little to no impact on the environment. 

http://www.a-levelphysicstutor.com/quantphys-wp-duality.php
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Image credit: Adapted from www.explainthatstuff.com 

 

The most recent use of the interferometer was in the Laser Interferometer Gravitational-Wave 

Observatory (LIGO), where an interferometer was used to observe gravitational waves. 

Interferometers were also used to gain the null result in the Michelson-Morley experiment, are 

used in optical coherence tomography, analyzing the upper atmosphere and studying solar 

variability. 

 

Interferometers are most recognised for their work with gravitational waves. As Einstein's 

general theory of relativity stipulates that gravity is the curvature of space and time and is the 

force attracting a body towards any other body of mass. The larger the force of gravity, the 

greater the distortion of space and time. And proposed that when objects with incredibly strong 

gravity- such as black holes- accelerate they cause Gravitational waves. Gravitational waves 

are thus the warping of spacetime caused by incredibly violent and energetic processes in the 

universe. This warping contracts space in one direction and stretches it in the perpendicular 

direction.  

 

So If a gravitational wave was to pass through an interferometer it would make one wave travel 

longer and the other shorter, as seen in the figure below. And as the waves superimpose they 

would be out of phase and the photodetector would be able to detect this difference- even at a 

fraction of a protons width. LIGO was attempting to, and succeeded in, determining the 

presence of gravitational waves on the 14th of September 2015.  

 

 

http://www.explainthatstuff.com/
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   Image Credit: Dennis Overbye, Feb 11 2016 

 

The detection of gravitational waves is the first evidence of the ripples in spacetime that Einstein 

predicted a 100 years ago. This discovery changed forever how scientists are able to study 

space, previously it has only been what one can see, but the analysis of the gravitational wave, 

which was turned into a sound wave, allowed for scientists to hear the collision of the two black 

holes which caused these waves.  

 

The gravitational waves detected by LIGO had a frequency of around 100 Hz, however they are 

known to have a much broader spectrum. Due to interference on earth, scientists believe that 

the detection of gravitational waves in space would be more precise and reveal far more. The 

positive result at LIGO gave reason for the LISA Pathfinder mission, an experiment to determine 

the necessary technology to build a space based gravitational wave detection observatory. 

Such an observatory would be capable of detecting gravitational waves from a wide range of 

exotic phenomena anywhere in the universe.   

 

The LISA pathfinder mission has laid the groundwork for eLISA- a 1 million km wide space 

antenna which will orbit the sun in a triangular formation. ELISA is effectively a scaled version of 

LIGO and will us an interferometer in space to detect and measure gravitational waves. The 

system is due to go live in 2028. Without the background noise on Earth the space detectors will 

be able to listen for waves with a frequency of about one cycle per hour created by much bigger 

black holes and other such phenomena.The information gathered by these and other detectors 

will reveal previously invisible aspects of the universe. 

 

http://www.nytimes.com/by/dennis-overbye
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Currently, interferometric detection of gravitational waves is very limited due to the interference 

on earth. Although this is counterbalanced by corrective technology- seismic isolation, vacuum 

systems, and specialised optics system, the very scale of gravitational waves means that any 

interference will vary results greatly. The Figure below depicts the most common sources of 

error in an interferometer which is not calibrated correctly. 

 

Image Credit: http://www.ck-tech.at/leistungen/positions-messung/wissenswertes-zur-interferometrie/  

 

A leading expert in the field of gravity and gravitational waves is Australian born David Blair- 

Director of the Australian International Gravitational Research Centre. Not only was he present 

at LIGO during the first detection of gravitational waves, Blair was also instrumental in the 

design of the American observatories. Correctly predicting and finding a solution to a design 

error which would result in the detectors ‘whistling’. Blair continues to work on instabilities in the 

systems which will only increase as more powerful detection systems are built. He is also 

pushing to build the first southern hemisphere detector in Gingin, Australia, which will allow for 

the triangulation of the source of gravitational waves.  

 

The LIGO detector has opened the doorway to a greater understanding of space. The ultimate 

goal being a system of gravitational wave detectors that are capable of precisely pinpointing the 

location of sources of gravitational waves and in doing so direct scientists where to look in the 

universe for phenomena. The questions capable of being answered due to the LIGO detector 

and others like it are endless. And the technologies developed in the pursuit of answering these 

are of incredible use to society- these can been seen in the figures below. 

 

http://www.ck-tech.at/leistungen/positions-messung/wissenswertes-zur-interferometrie/
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   Image Credit: https://www.ligo.caltech.edu/page/science-impact  
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Theoretical Acceleration Calculations 

 

Time Displacement Velocity acceleration 
(6cm) 

acceleration 
(0.17) 

Acceleration 
(0.3) 

0 0.000 0.000 9.800 9.800 9.800 

0.01 0.000 0.098 9.799 9.793 9.779 

0.02 0.001 0.196 9.797 9.774 9.717 

0.03 0.002 0.294 9.794 9.741 9.613 

0.04 0.003 0.392 9.789 9.696 9.467 

0.05 0.004 0.490 9.782 9.637 9.280 

0.06 0.005 0.588 9.775 9.565 9.051 

0.07 0.006 0.685 9.765 9.481 8.781 

0.08 0.007 0.783 9.755 9.383 8.470 

0.09 0.008 0.881 9.743 9.273 8.118 

0.1 0.009 0.978 9.730 9.150 7.726 

0.11 0.010 1.075 9.715 9.014 7.292 

0.12 0.011 1.173 9.699 8.865 6.818 

0.13 0.012 1.270 9.682 8.704 6.305 

0.14 0.013 1.367 9.663 8.530 5.751 

0.15 0.014 1.463 9.643 8.344 5.158 

0.16 0.015 1.560 9.621 8.146 4.526 

0.17 0.016 1.656 9.598 7.936 3.854 

0.18 0.017 1.752 9.574 7.713 3.145 

0.19 0.018 1.848 9.549 7.479 2.397 

0.2 0.019 1.943 9.613 7.232 1.612 

  Average 9.709 8.917 6.984 
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Setup of Practical 
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Method 1 (Raw Data) 

- Velocity/Time Graphs 

- Tables of values 

  

20g 
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50g 
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100g  
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500g 
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Method 2 (Raw Data) 

- Velocity/Time Graphs 

- Table of Values 

- In terms of Side length of square cut 

 

6cm 
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17cm 
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30cm 
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Calculation of Drag Force 

- F=ma 
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Method 1- Secondary Analysis 

 

 

Mass Tested (kg) Average Acceleration (m/s/s) 

0.02 9.91 

0.05 9.77 

0.1 9.88 

0.5 9.77 

 

Method 2- Secondary Analysis 
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Surface area (m2)  Experimental Average Acceleration  

(m/s/s) 

Average Theoretical 

Acceleration (m/s/s) 

0.0092 9.61 9.709 

0.074 8.04 8.917 

0.2292 6.35 6.984 

 

 


