
Experiments in Forces and Motion

By James Lincoln, MS, MEd 

May the Force

Be with you



▪ Demonstrate the Einstein 

model of warped space

▪ Explain potential energy wells

▪ Demonstrate orbits 

▪ Demonstrate black holes

Gravity Well



▪ Convenient and Durable

▪ Demonstrate Inertia

▪ Measure weight vs mass graph

Hooked Mass Inertia
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▪ The Balloon Helicopter Kit is a 
cheap and easy way for students to 
see Newton’s 3rd Law in action.

▪ What makes it rise?

Newton’s 3rd Law



▪ This little buggie car moves with a 
constant velocity.

▪ Students distance the car moves with 
time and plot distance vs. time.

▪ The slope of this graph is the speed.

▪ Use just one battery to get a slow car.

Constant Velocity Car



Constant Velocity Car

▪ Typical results for the “fast car” run over about 20 seconds.

▪ For the “slow car” the data points are closer together.



Constant Velocity Car
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Constant Velocity Car

0

0.5

1

1.5

2

2.5

3

0 2 4 6 8 10 12 14 16 18

DISTANCE VS TIME

Time (sec)

D
is

ta
n
c
e
 (

m
)

A constant slope!

Rise/Run=2.4m/16s

Slope = .15m/s

How will the slow

car be different?



Constant Velocity Car
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Constant Velocity Car
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What would v=0

look like on this 

graph?



▪ The low-friction discharge needle, 
which barely touches the spark-
sensitive 1 cm tape, makes it ideal 
for air tracks, cars,  and free-fall 
experiments.

▪ Students measure the distance the 
objects move with each second 
and plot distance vs. time.

▪ The slope of this graph is the 
speed of the object.  

Spark Timer

What else can we use it on?...



▪ This truck starts from rest  with 

near constant acceleration.

▪ Students measure the distance 

the truck moves and can 

analyze how acceleration is 

different  graphing is optional. 

Acceleration



Acceleration

• Acceleration is how fast velocity changes in a given time.

• The graph will be a parabola, following  d = ½ a t 2

• What will happen if you add mass?



The g Ball has an imbedded 
stopwatch with a touch 
sensor incorporated within 
the device to stop the time 
when dropped on a surface.  

Falling Object



Falling Object

One of the all-time favorite experiments, 
with the g-Ball is to show students that “g” is 
the same for any dropped height. Using       
d = ½ a t 2 you get a ≈ 10 m/s2 every time! 

What is a good investigation?



Projectile Motion



Projectile Motion



Projectile Motion

In the case of projectiles, the 

time that it takes a horizontally 

thrown projectile to hit the 

ground is equal to that of a 

vertically dropped one.

How could we prove this?



▪ The Vertical Acceleration 
demonstrator shows us.

▪ Listen for the impacts.

Projectile Motion



The Air-Powered Projectile’s rocket 
comes with four different thrust 
washers - so you can vary launch 
speeds

It is…

✓ Variable
✓ Reusable
✓ Reliable
✓ Non-chemical
✓ Easy and Fun!

Projectile Motion



Projectile Motion

Add animated gif here



Projectile Motion

Finding Initial Velocity

▪ Launch the projectile vertically
▪ Time its flight
▪ Divide by two to find its time up
▪ Using g = -10m/s2, if it took 3   
seconds to stop, it must have 
started at 30 m/s!



Projectile Motion

Finding The Range
1.   Use the launch angle to find the horizontal & vertical components of the launch velocity 

Vy= 30 m/s (sin 60°) = 26 m/s vertically 
Vx= 30 m/s (cos 60°) = 15 m/s horizontally

2.   The 1st half of flight time is calculated using… 2.6 seconds to top
3.   Doubling the time results in a full flight time of 5.2 seconds
4.   Using dh = vhth or d = 15 x 5.2 students can find a range of ~78 meters. 



Projectile Motion

Add animated gif here



▪ PocketLab measures acceleration, 
angular velocity, magnetic field, 
pressure, altitude, and 
temperature. 

▪ You can easily analyze your data, 
create graphs, and integrate your 
data with other software.

▪ PocketLab turns anybody into a 
scientist that can explore the world 
around them through real 
scientific investigations.

PocketLab - Voyager



The Elasti-Launcher tests the 
variables of projectile motion 
indoors.

7 launch angles provide numerous 
variables for student lab groups.

▪ How does the launch angle affect 
the maximum horizontal range?

▪ How does the launch angle affect 
the time in the air?

Projectile Motion



▪ Middle school students can use 
the Elasti-Launcher in 
discovering angles vs. range and 
height

▪ High school students can 
calculate the Range and Height 
of the launched rockets using 
d=vit + ½at2

▪ Have students make their own 
rockets w/ their unique tailfin 
designs!

Projectile Motion



▪ The Ballistics Car shoots a ball straight up 
while moving…

▪ The horizontal speed of both is constant…

▪ Where will the ball land?

Projectile Motion



Projectile Motion

▪ Vertical Motion is 
INDEPENDENT 
(unaffected by) of 
Horizontal Motion.

▪ The flight of the ball 
horizontally is at 
a Constant Velocity.

▪ The Vertical Motion is 
ruled by gravity forces.



The Monkey & Hunter Demo 
works through a series circuit / 
electromagnet switch.  The 
“monkey” is placed at any height 
& secured by electromagnet 
from a ring stand.  By LASER 
sighting the “gun’, the hunter 
will hit the monkey every time!

Great for slow motion!

Projectile Motion



The Monkey & Hunter Demo 
works through a series circuit / 
electromagnet switch.  The 
“monkey” is placed at any height 
& secured by electromagnet 
from a ring stand.  By LASER 
sighting the “gun’, the hunter 
will hit the monkey every time!

Great for slow motion!

Projectile Motion



As the projectile travels it falls. The monkey and the projectile 
fall by the same amount from the gravity free path.

Projectile Motion



Forces in our Everyday World

▪ What are some objects that 
display forces in our everyday 
world?

▪ Giant Nd Magnet, Newton’s 
Apple, Friction Block

▪ Which objects display            
contact forces?

▪ Which objects display            
field forces?



This engaging piece of lab 
equipment makes the 
component theory of forces a 
tangible reality for every 
student. 

The Forces on Inclined Plane 
Demonstrator allows 
teachers and students to 
engage directly with these 
challenging concepts.

Forces on Inclined Plane



The desktop Dynamics Carts 

allow students to apply forces 

and examine their relationship 

with acceleration.

Newton’s 2nd Law



▪ What happens when two desktop 
Dynamics Carts   push on one another.

▪ What happens if the masses are equal?

▪ What happens if the masses are NOT 
equal?

Newton’s 2nd and 3rd Laws



The Inertial Apparatus & Air Puck 
system are a great way to show 
Newton’s 1st Law… 

The Law of Inertia

Newton’s 1st Law: Inertia



Inertial Balance 

▪ Adding mass to the free end 
increases its inertia and causes 
it to oscillate more slowly. 

▪ By comparing the time periods 
of the apparatus with known 
masses to the period of an 
unknown mass, the value of the 
unknown mass can be 
determined.



▪ Demonstrate an object in motion stays in 
motion with these air pucks.

▪ Once the Air Puck is in motion – what are 
the forces that keep it in motion? 

▪ As long as forces are balanced an object will 
keep doing what it is doing.

Newton’s 1st Law: Inertia



The Air Puck System can demonstrate the other 
aspect of the Law of Inertia where an object will 
continue at a Constant Velocity unless an 
unbalanced force acts on it.

Newton’s 1st Law: Inertia



Use the Metric Bath Scale to illustrate Newton’s 3rd Law 

• Use TWO scales Back-to-Back & have a student push you while 
stationary.  Read both scales…

• Use TWO scales Back-to-Back & you push the student while they are 
stationary.  Read both scales…

• Use TWO scales Back-to-Back & BOTH push at the same time.  Read 
both scales…

Newton’s 3rd Law



The Flying Pig is a battery-
operated toys that students 
hang from the ceiling and will 
move in a circular path with a 
Constant Speed.

Circular Motion



The Flying Pig is a battery-
operated toys that students 
hang from the ceiling and will 
move in a circular path with a 
Constant Speed.

When its switch is turned on & 
its wings extended, the Flying 
Pig will move in a circular path 
at a Constant Speed.

Circular Motion

Comes with a ceiling/string/hook set-up that students will use to secure the Pig…



Circular Motion
Use a stopwatch & meter stick to find the Flying Pig’s  Velocity

v = 2πr 
T

Then apply the centripetal force
formula. F = mv  /R2



What keeps an object traveling in its 
Circular path?

Use the spill not to demonstrate

Centripetal force and how a sufficient

Velocity can produce artificial gravity.

Circular Motion



The same force which holds a rider on a 
rollercoaster upside down loop or 
swinging a bucket of water over your 
head is demonstrated by the Spillnot.

Any movement of the Spillnot is of a 
circular nature and the forces on the cup 
and its liquid are directed toward the 
center (strap) of the circle which

Use the Spill-Not for your lesson on 
Centripetal Force or just use it as a cup 
holder in your classroom to “stir” your 
coffee!

Lab4Physics

BLUE VECTOR – Velocity

RED - Centripetal Force

GREEN – Centripetal Acceleration



Side by side, these two black 
rubber spheres look identical. 
But, when you throw them to 
the ground, one bounces wildly 
about the room, while the other 
just lies there no matter how 
hard you throw it.

Happy & Sad Balls 



Don’t forget the CoolStuff!

CoolStuff newsletter! It’s 

full of fun and informative 

labs, demos, and tools 

for your classroom!

Fill out the CoolStuff 

Newsletter card for a 

chance to win a $25 

gift certificate! 



Some listed items 
seem

missing



Some listed items 
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▪ What happens to an object if 
the forces are unbalanced?

▪ The Human Dynamics Cart is a 
great way for students to 
experience unbalanced forces 
kinesthetically.

Newton’s 2nd Law



▪ Human Dynamics Cart is designed to 
allow students to experience Forces, 
Newton’s Laws and 
Momentum/Impulse concepts 
kinesthetically.

▪ The cart is sturdy & large enough for 
football players & roomy enough for 
additional experiments on-board.

▪ The wheels are nearly friction-free for 
accurate calculations of Fnet = ma in 
Lab!

Newton’s 2nd Law



Educational research has 

shown that “pounding” 

concepts into students’ 

heads through lecture only

does not result in positive 

student learning and long-

term retention of the 

concepts

This Should Do It!



Variety of Methods

Many concepts in science 

are not well-understood so 

a variety of teaching 

methods are encouraged by 

educational researchers.



Demonstrations

It has been shown that 

using Demonstrations in 

the science classroom 

helps students retain 

concepts, energizes the 

science classroom and is 

more fun!


