Dynam cs - Newton' s Laws
Student Activity Guide

I ntroduction: In the previous unit, you |earned about velocity and
accel eration and how they are related to each other and the notion of an
object. In this unit you will discover the source of notion. This is a

concept that can be as confusing today as it was to anci ent physicists.
Activity One: Why do things move?
Answer the follow ng questions:

Question 1.1: \Wat nakes things nove?

Question 1. 2: Why do some things nove at a constant velocity while other
t hi ngs accel erate?

Question 1.3: How does a rocket work? Be sure to explain both howit works
during take-off and once it is in space.

Question 1.4: How do the brakes in a car work?



Activity Two: Newton's First Law of Motion

Newton is credited with three | aws of notion, sonetines known as the
| aws of dynamics. This short activity |ooks at the first |aw

Procedure:
Tie a nass to a ring stand. Then tie a second string to the nass so
that it hangs down. Wth one partner holding the ring stand, pull slowy on

the bottomstring until the nmass cones | oose.

Wi ch string breaks?

Reattach the broken string or use a new piece of string to replace it.
This tinme pull quickly.

Wi ch string breaks?

Question 2.1: Explain your results:



Activity Three: Di scovering Newton’'s Second Law
In this activity, we will exanine Newton's second | aw of notion closely.
Procedure:

For both parts, you will need a track, a “frictionless” cart, a wood
block with a slot, a picket fence, a table pulley, a 50 g hooked wei ght and
assorted weights to total 300 grans nore, 1.5 mof string, paper clips, a CBL
a photogate with adaptor and a graphi ng cal cul at or

Set up the track so that the table pulley is at the end of the table and
be sure the track is level. Thread the string through the hole on the cart
and tie it to the cart. Tie the other end of string into a | oop and hang it
over the table pulley. Put the block on the cart, then put the picket fence
into the slot on the block and tape it into position. Make sure the tape is
only on the black portions of the picket fence. Load 300 g of weight on the
cart. Cently tap the cart. It will probably roll a short distance and then
stop. Attach paper clips to the loop of string until a gentle tap causes the
cart to slowy roll down the track at nearly a constant velocity.

Now set up the photogate, CBL and cal cul ator system so that the
photogate is over the path of the cart-picket fence. The photogate should be
close to the starting point for the cart but the picket fence should not pass
t hrough the photogate until the cart has started to roll

Open the program nenu by touching the PRGM key on the cal cul at or
Sel ect the program TIMER At the opening screen, press ENTER. The next
screen just reninds you to connect the photogate, so press ENTER

From t he next nmenu choose 2. CHECK GATE and follow instructions. Then
choose 1. TIMNG MODES, then 1. MOTION, then 1. SELECT DEVICE, then 1. VERN ER
Pl CKET, then 2. COLLECT DATA.

This set-up and programis used by both parts bel ow
Part One: Const ant Mass, Changing Force

Wth the cart pulled back and held, put the 50 gram hangi ng wei ght onto
the paper clips at the loop end of the string. Put 200 grans on the cart.

When you are ready, press ENTER on the calculator and rel ease the cart.
Soneone shoul d be ready at the other end of the track to catch the cart. DO
NOT let the carts bang into the end of the track or go over the edge of the
tabl e.

At this point, the programw |l allow you to view the d-t and v-t
graphs. (bserve and record you observati ons about the appearance of these
graphs. Then choose the STATS option fromthe nenu and copy down the first
screen shown. Then use the REPEAT option

Pull the cart back, nove 50 grans fromthe cart and put it on the string
(there is now 100 grans on the string and 150 grans on the cart). WMke sure
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the calculator is ready to tine, press ENTER and rel ease the cart. Again
observe and copy down the information fromthe first STATS screen

Repeat the previous paragraph for 150 grans on the string with 100 grans
on the cart, 200 grans on the string with 50 grams on the cart, and for 250
grams on the string and no extra nass on the cart.

Part Two: Const ant Force, Changi ng Mass

Now pull the cart back, put 350 grams on the cart and 50 grans on the
string. Again, ready the calculator, let the cart roll and observe the graphs
and record the information on the first STATS screen.

For this experinent, the sane 50 grans stays on the string, but 50 grans
will be renmoved fromthe cart each tinme and |aid aside. So REPEAT the
experiment for 50 g on the string and 300 g on the cart, 50 g on the string
and 250 g on the cart, etc, until there is no nmass on the cart. There should
be a total of eight runs. Finally, you will need to determ ne the mass of the
cart-bl ock-pi cket fence conbi nation

Put all the equipnment away and organi ze your findings into two tables
like the ones on the next page. The slope you copied fromthe first screen
shoul d be the acceleration of the cart. The total nmass in the table for part
two includes the nmass of the cart-block-picket fence plus any nass on the
cart.

Anal yzing the Data:

Part One Dat a: Part Two Dat a:

Total Mass Accel erati on

Mass on string |Accel eration

Now create a graph of the data in each table. For one table, the
relationship is linear. Use linear regression and statistics and record that
information. Sketch this graph



The other table will be non-linear. Sketch this graph. To determ ne
t he exact relationship between the variables, we use power regression. Use
the power regression option to deternmine the power for the x variable.
Questions 3.1: Part Ais titled Changing Force, constant nass.

a. Wat is the changing force?

b. How can we say that the nmass is constant?

Question 3.2: Describe the relationship between force and accel eration as
you determned it in part A

Question 3.3: In part B, why is the nass considered to be changing and the
force the sane?

Question 3.4: Wiat relationship exists between mass and accel erati on?



Activity Four: Addi ng Force to the Acceleration Model

In this activity, you'll incorporate what you've |earned about force to
change an earlier nodel.

Open your previously created acceleration - velocity nodel. Add a net
force and a mass converter and connect themto the accel erati on converter

Your diagram should | ook sonething like this:
Distance Velocity

@«T )

Rate of distance.change

ate of velocity change

Acceleration

Net Force Mass

Set the initial velocity to O {nms} and set the initial distance to 0
{nt. Double click on the acceleration converter and create the fornula Net
Force/ Mass. Then double click on Net Force and set a value (try 10 {N}). Set
mass to 2 {kg}.

Make sure you have a graph whi ch shows Di stance, Velocity and
Accel eration vs. Tine. Then run the nodel and observe the graph

Question 4.1: Sketch the graphs bel ow and expl ai n why they appear the way
t hey do.

Now we want to investigate the effect of changing force or mass. The
qui ckest way to make several changes is to use sliders. dick on the up arrow
at the left of the windowto go to the map level. The red bar in the center
of the icon stripis a slider. Drop a slider on the page, sonewhere near the
top. next double-click on the slider and when the dial ogue box appears,
choose force. Then set the range for 5 to 25 and click K

Next, we need to create a graph. Double click on the graph icon and
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then on the graph. dick in the box | abel ed Conparative. Only one variable
can be graphed this way. Put Distance back in the right hand box. Then find
the upward pointing triangle which has New printed by it. Cick on this to
create a second graph (Page 2). Again, click conparative and now put Vel ocity
in the right hand box. Repeat this process for a third page and Accel eration
as a conparative graph and a fourth page and Force as a conparative graph
After clicking OK nove the graph so that the slider is visible, then use the
“push pin” to anchor the graph on the page. Start with a force of 5 and run
then change the slider to 10 and run, etc. Look at the various graphs.

Question 4.2: How does the change in force affect the accel erati on and
vel ocity?

Taking the Model Further

Question 4.3: Look at the effect of changing nass instead of force. Al

you need to do is change the slider to mass. You m ght want to change the Mn
to 1 and the Max to 5. Al so, under Map, choose Restore Graphs. Now run

sketch and explain the results.

Question 4.4: Can we plot nmass vs. acceleration? Yes! Get the graph

di al ogue box and click until you reach page 5. Now choose Conparative and
Scatter. Choose mass first fromthe left box and click on the arrow to insert
it next to the X. Then select acceleration and clip it into the position next
to Y. Run the nodel for each nmass, sketch and explain the graph



Question 4.5: Return the nodel to a force vs. acceleration nodel and set up
a force vs. acceleration graph. Change the slider back to a force slider. Run
the nodel for various forces, sketch and explain the graph

Getting Ready for Future Models: You're going to build several npdels
whi ch are variations of the basic force nodel, but each of these will have an
appl i ed and an opposing force. Add two converters to the force nodel, one for
applied force and one for opposing. Connect themto the net force converter
and change the net force converter to the equation applied force + opposing
force. SAVE this nodel as Force Tenpl ate.



