Applications of Force
Student Activity Guide

Activity One: Falling Filters Lab - Drag as Opposing Force

In this activity, you will investigate some of the factors which affect
falling objects and | ead many people to believe that different objects fall at
different rates. Most notably, you will investigate air resistance.

Procedure: 1. Obtain three coffee filters. Nest one filter inside of another,
keep the third separate. Drop the pair of filters fromthe sane height and at
the sane tine as the single filter.

Question 1.1 Wich filter(s) hit first?

Question 1.2 \Which variable had a greater affect on results, nass or
surface area?

2. Two paper baking cups have the sane mass as one coffee filter. Get two
baki ng cups and nest them Drop the pair of baking cups at the sane tine as a
single coffee filter.

Question 1.3 Wich filter(s) hit first?

Question 1.4 \Which variable had a greater affect on results, nass or
surface area?

3. Now obtain two filmcanisters, one enpty and one full. Release themfrom
t he sane hei ght.

Question 1.5 \Which canister hit first?

Question 1.6 Wich variable had a greater affect on results, mass or
surface area?

4. Now obtain the nunber of coffee filters assigned to your group. Also,
obtain a CBL, a calculator, a neter stick and an Utrasonic Mtion Detector.
Deternine the mass of the coffee filters and record. Calculate the average
mass of one filter and record. Determne the dianmeter of the bottom of the
filters and of the upper edge. Record these values. Calculate the cross-
sectional areas for these two values and record these.

5. Set up the calculators, CBLs and notion detectors. Run the program
Bal | drop. Wen the programstarts running, the UsMD will start to click.
Press the TRIGGER button on the CBL and drop the filter(s) fromabout 1.5 m
onto the UsMD. Sketch the graph. Then press the PGM key and choose the
program SELECT. The programw || ask for the | ower bound. Slide the cursor
to the point on the left where the filter started to fall and press ENTER

For the upper bound, slide the cursor to the point where the filter stopped
falling (or at |least the detector stopped) and press RETURN. The program wil |
redraw the selected points - sketch this graph.



6. Now choose STAT - CALC - 6: QuadReg. When the calculator returns the
QuadReg prompt, type L3, Lg and ENTER Record the data

7. Gather data fromthe class.
Activity Two: The Falling Filters STELLA Mode

In Activity One, you investigated the factors which affect a falling object
when it is not in free-fall. As you knew fromthe begi nning, air resistance
creates a drag on an object which slows it down. This drag depends on severa
factors including cross-sectional area which you investigated. Specifically,
the equation for drag (in ternms of acceleration) is:

drag = 0. 5*CrAv2
drag = 0.5*(drag coefficient * air density * cross sectional area *
Vel oci ty"2)

Procedure: Open your STELLA force tenplate nodel. For a falling filter

nodel , the applied force is weight and the opposing force is drag. From
previ ous nodels, you know how to enter weight. Create a new convertor for drag
and attach this convertor to the oppposing force convertor. Then create three
convertors (drag coefficient, cross sectional area and air density) to attach
to drag.

Use the follow ng values for your convertors:

mass = enter mass in {kg} for your nunber of coffee filters
air density = 1.16 {kg/ nt3}

cross sectional area = enter the value for the bottomonly
drag coefficient = 1

g =-9.8 {ns"2}

Then fill the equation above in for drag.

Make sure you have set an initial distance (the height above the fl oor that
you dropped themfrom. Set up three graphs (three pages on the sane graph
pad). The first graph should be for distance, the second for velocity and the
third for acceleration. As you set up each page, click on the Conparative box
in the upper left area of the graph dial ogue box.

Al'so, it is useful to change the tine settings for the nodel. Under the Run
menu is a choice for Tine Specs - choose this. Then change the length of the
sinmulation so it runs fromO to 2, with DI set to 0.05. Also, change the
integration nethod to Runge-Kutta 4. Cick OK Run the nodel.

Question 2.1 On a piece of paper, describe howthis graph differs fromthe
straight free fall nmodel. (If you want a conparison, change the cross-
sectional area to 0 and rerun the nodel. The two graphs w Il appear

t oget her) .

Question 2.2 Wen is ternminal velocity attai ned and how do you know?



Question 2.3 How do the results of the nodel conpare to your experinent?
What el se would you like to know before you answer this question?

Run the nodel with the other setting for cross-sectional area (upper edge) and
conpare. You might also want to try different nmass settings. (Hnt: if the
graphs get too cluttered, choose Model fromthe nenu bar, then Restore and Al
devices. This clears the graphs.)



Activity Three: Parachute Activity

In this activity, you will investigate some of the factors which affect
falling objects and | ead many people to believe that different objects fall at
different rates. Most notably, you will investigate air resistance.
Procedur e:

1. otain two pieces of paper which are identical (sane size, same weight).
Fol d one sheet of paper 8 tines until it is 1/16 the size of the other. Start
the two pieces of paper at the same height and rel ease them

Question 3.1 \Wich paper hit first?

Question 3.2 \Wich paper has the | argest nass?

Question 3.3 Wich paper has the | argest surface area?

2. Now obtain two filmcanisters, one enpty and one full. Release themfrom
t he sane hei ght.

Question 3.4 Wiich canister hit first?

Question 3.5 Wich had the |argest nass?

Question 3.6 Wich had the larger surface area?

3. Now obtain two parachutes. Carefully neasure the dinensions of your
parachutes. They should be identical to each other, but different |ab groups
wi Il have different sizes or shapes fromyours. Attach the parachutes to your
filmcanisters as shown by the teacher and rel ease themat the sane tine from
t he sane hei ght.

Lengt h of parachute: W dt h:

Cross-sectional area of parachute:

Question 3.7 Wiich canister hit first?

Now rel ease the enpty canister only, but tine its fall to the ground froma
hei ght of 2 neters. Repeat this neasurenent 3 tines. Record the tines bel ow

Tinme to fall:

Aver age your times:

Create a data table for class data. The table should have a colum for cross-
sectional area and one for average tine.

Question 3.8 Sunmarize the class findings.
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Activity Four: The STELLA Parachute Mde

In Activity Three, you investigated the factors which affect a falling object
and how a parachute can slow an objects rate of descent. As you knew fromthe
begi nning, air resistance creates a drag on an object which slows it down.
This drag depends on several factors including cross-sectional area which you
i nvestigated. Specifically, the equation for drag (in terns of accel eration)
is:

drag = 0. 5*CrAv2
drag = 0.5*(drag coefficient * air density * cross sectional area *
Vel oci t y*2)
Procedure:
Open your STELLA Force Tenpl ate nodel . For a parachute nodel, the applied
force is weight and the opposing force is drag. From previ ous nodel s, you

know how to enter weight. Create a new convertor for drag and attach this
convertor to the oppposing force convertor. Then create three convertors
(drag coefficient, cross sectional area and air density) to attach to drag.

Use the follow ng values for your convertors:

mass = 70 {kg} (about a 150 I b person)

air density = 1.16 {kg/nt3}

cross sectional area = 0.5 {m2} (for human w t hout chute)
drag coefficient =1

Then fill the equation in for drag and set the nodel to run for 15 seconds.

Make sure you have set an initial distance. Sport parachutists generally junp
bet ween hei ghts of 600 and 3600 neters. They nmust open their parachutes at
600 neters. Since we don’'t have a parachute yet, choose sone hei ght above
600. Make sure you have a graph that shows displacenment, velocity and

accel eration on the sane graph page. Run the nodel. Look at the velocity

gr aph.

Question 4.1 On a piece of paper, describe the graph
Question 4.2 Wat velocity does the junper |evel off at?

Question 4.3 This is known as terninal velocity. How does terninal
vel ocity depend on the mass of the junper? Experinent with the nodel

Now we’' || add a parachute that opens after three seconds of free fall. This
extension requires you to nodify the cross-sectional area of the object using
the | F-THEN ELSE construct. The easiest testing condition uses TIME, the
built-in function which holds the total tine.



For example:
cross_sectional_area = IF (TIME >= 3) THEN 5 ELSE 0.5

Before TIME = 3, the cross sectional area is 0.5; at or after TIME = 3, it is
5.0, the parachute is open.

Question 4.4 Try this and record the results.

Junpers hope for termnal velocities between 5 and 13 nfs once the chute is
open. Also the chute nust open before the junper reaches 600 neters but the
junper wants to renain in “freefall” as long as possible. Experinent with the
nodel until you find the right conbination of mass, tinme for chute opening and
area of the parachute to achieve this. Record these values as well the
initial height.

Question 4.5 Wiy is the term“freefall” in quotes above?

Question 4.6 In the free fall unit, we stated that the rate of falling was
i ndependent of weight, yet this nodel contains weight. Expl ai n.



Activity Five: Rolling Car with Drag

In this activity, we will conbine the Rolling Friction nodel wth our
under standi ng of drag to exam ne the forces acting on a car.

1. Open the Falling Filter nodel.

2. Create converters for friction and the coefficient of friction

3. Drag and friction are both opposing forces. Because of the sign of g,
friction is already negative, but drag is not. Change the sign of drag so
that it is negative. Then nake sure that the opposing force is the sum of
drag and friction.

4. Push/pull is nowthe force of the engine. You mght want to renane that
converter.

5. Enter the follow ng values into the nodel:

mass = 1000 {kg}

engi ne = 387 {N}

accel eration due to gravity = -9.8 {nfs"2}
coefficient of rolling friction = 0.015
cross sectional area = 2 {m2}

drag coefficient = 0.5

air density = 1.2 {kg/ m3}

Initial Distance = 0 {n}

Initial Velocity = 0 {nfs}
Everything el se in the nbodel should have an equation entered. You should al so
change the Tine Specs so that the nodel runs for 300 sec and the DT is 1.0.
Create a graph for distance, velocity and acceleration. Run the nodel.

Question 5.1 Have your teacher check the results and if ok, sketch the
graph.

6. Experiment with different engine anpbunts until the car reaches 27 nmis (60
nph) at its equilibrium speed.

Question 5.2 \What engine force will allow this?
7. Try using an input graph to better nodel the actual force (start with zero
force, then use nore force at the beginning before reducing to the force

required for constant velocity) demands on an engine. You will also have to
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use an | F-THEN statenent in Net Force to keep drag from noving the car
backward. Report on your results.

8. Save the nodel as Rolling Car.



