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A toy car longs to smash and crash, but sometimes to achieve its "demolishing derby" 
dream, it must overcome obstacles in its path. This experiment is a 2-D, Physics-based, 
experimental-investigation on which path is the best to maneuver over a wall that is in 
the toy car’s path, and how different angles will affect the trajectory of the toy car as it 
is launched off a ramp and over a wall.  With repeated launch trials by means of a 
constructed device, off a ramp, with changing angular values, an optimal ramp angle 
is hoped to be found to maximize distance whilst clearing the wall. Will it make it?!

The fact of whether or not the car makes it over the obstacle is dependent on the car’s 
trajectory, initial velocity, and the length of the desired jump-obstacle. 

As the angle increases, it becomes 
more and more difficult for the car 
to maneuver over its obstacle, hence 
the eventual and inevitable failures. 
These failures can be seen as 
decreased or negated variables 
shown on the chart above.

Velocity is a vector which is defined by a change in distance over time. In order to 
calculate it, distance must be divided by time. A time needed for the car to travel 5 cm 
just before becoming airborne was recorded. In order to find a more constant number 
for time, the times recorded from the 5 trials were averaged. 

v= (5 cm)/(∑t/5)

The setup used recorded times in milliseconds, but velocity was then converted into 
meters per second rather than centimeters per millisecond.
cm/ms×(1 m)/(100 cm)×(1000 ms)/(1 s)=m/s
Since velocity was recorded at an angle, it had to be further broken down into its x and 
y components. 

vy = vi  sinθ
vx= vi cosθ

To see if the car will achieve the required height to clear the obstruction, the amount of 
time the car is airborne, before hitting the obstruction, must be found. This can be 
easily done by manipulating the definition of velocity. 

d/t= v
d/v= t

With an equation for time, distance in the x direction (.45m) and the velocity in the x-
direction can be used to see the time allocated per jump.

(0.45 m)/vx= tairborne

To find the height achieved in the y-direction before the car crashes into the obstacle, a 
kinematics equation can be used.

df = di+viy t+1/2 ay t2

Initial velocity in the y-direction, acceleration in the y-direction, and time are all 
known and calculated variables, making the equation for displacement a simple 
calculation. Since there was an initial displacement of 0.06 m, it was added to the 
value. There is a negative acceleration in the y-direction due to gravity of -9.8 m/s2. 

df =(0.06 m)+ viy t+1/2 (-9.8 m/s2) t2

This experiment requires the test to 
be repeated at least five times for 
the upmost accuracy. After the date 
for each trial is recorded (in 
milliseconds), they are averaged, 
varying in angle size, to calculate 
the average times.

“To see if the car will achieve the 
required height to clear the 

obstruction, the amount of time the 
car is airborne, before hitting the 

obstruction, is necessary. This is easily 
found my manipulating the definition 

of velocity,” (see “Methodology”.)

The timing system works through the use of two photo sensors. Each photo sensor is 
made up of a laser and a CDS cell. 

The laser is pointed into the receiving CDS cell, and when the laser is interrupted by 
any object, the resistance of the CDS cell lowers and turns on a transistor. This 
triggers a timer to start or stop because there is not enough light hitting the CDS cell 
to keep the transistor off. The circuit used is much like the circuit used in a light 
sensitive night light.

When no light shines on the sensor (CDS cell), the light turns on, and when it is 
daytime and bright in the room, the light is off. Simply, the circuit sends a signal from 
the first sensor to start a timer; the next sensor sends the same signal telling the timer 
to stop. 

The timer used with the two sensors gives a precise and accurate measurement of time. 
By use of a universal counter to measure the time, the only error in the time 
measurement is equipment related. 

Because the time measuring system uses two identical sensors, any error is repeated 
between them and thus negated. This leaves the accuracy of the universal counter, 
deemed accurate enough due to recent calibration by a certified calibration lab. All of 
these factors give the most precise and accurate time measurement possible.
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There are various gaping holes for errors to 
manifest themselves within this project..

1. Due to constants, such as drag, the experiment 
eventually proceeds to decrease, making it harder 
and harder to maintain successful trials.

2. The setup also complicated the experiment; for 
instance, the wooden blocks withholding the lasers 
would often get in the way of the toy car, stopping 
the trial completely. Because of this, the trial would 
have to be redone.. 

3. Human error can always be a reason as to why 
something doesn't go as planned. For instance, 
there is a possibility the experimenters misuse or 
even use the wrong formula to determine the 
calculated velocities and heights, or the setup could 
have been built incorrectly.

The test was deemed successful only if the angles 
were precise for the toy car to successfully jump 
over the book whilst in mid air. Drag, whilst the 
toy car was airborne, complicated the toy car from 
making said jump, which caused ending results to 
all be deemed failures. 
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