Topic 4: Dynamics — Force, Newton’s Three Laws, and Friction

Source:

Types of Materials:

Building on:

Leading to:

Links to Physics:

Links to Chemistry:

Links to Biology:

Conceptual Physics textbook and laboratory book plus the CPO textbook
and laboratory book

Textbooks, laboratory manuals, demonstration, worksheets and activities

Once the student has worked with motion from the previous topic of
kinematics, velocity and acceleration has been introduced. This now allows
for the study of the cause of motion, force. A series of labs shows the
student Newton’s 2nd law and its specifics. First, the student discovers that
a constant force produces constant acceleration. Secondly, the student
discovers that acceleration is directly proportional to the net force and
inversely proportional to a body mass. Also, labs showing Newton’s 1st and
3rd law need to be performed. After understanding Newton’s laws, the topic
of the conservation of work and energy is explored. Friction is so much of a
real thing that it cannot be ignored; thus it will be studied. When considering
net force, friction must be included to confirm that acceleration is directly
proportional to the net force.

Once kinematics and dynamics have been studied, the student can then
study the conservation of energy, the conservation of momentum and the
conservation of angular momentum (for older students, probably not for
freshman).

After the study of kinematics and dynamics, centripetal force and circular
motion including satellite motion can be explored. Dynamics explains why
small cars can be powered by a 4-cylinder engine and a large truck will
probably have a V8 for power. The aerospace industry needs to totally
understand dynamics to put satellites in orbit or send people to the moon.
High-energy physics needs to apply dynamics as modified by relativity
principles to accelerate charged particles down the various accelerators. All
industries need to understand dynamics to some degree, such as in building
trades for constructing the house structure.

Force and Newton’s laws are discussed when comparing mass and weight.
Weight on different planets may also be discussed to help explain the
difference between mass and weight. Force per unit area (pressure)
frequently is covered in chemistry when discussing air pressure and gases.
In regard to properties of matter, friction is a topic that arises.

The motion of a humming bird, the movement of a snake, the forces within
muscles in the human body for contraction and extension are some examples
of dynamics within living systems. Force can be taught in biology class
when discussing the heart and blood flow. The blood can exert a force on



the blood vessels—blood pressure. Conceptually, the harder the force is, the
higher the blood pressure. The build-up of plaque will decrease the cross
section of the vessel and lead to a higher pressure. One can even discuss
fluid mechanics at this time. Other examples of force are the force that a
root or earthworm must exert on soil to move the soil or the force that an
embryo must exert to break out of a seed coat or animal to break out of an

egg.
Materials:
(a) Hewitt
1. Lab 8 — Going Nuts
2. Lab 9 — Buckle Up
3. Lab 10 —24-Hour Towing Service
4. Lab 11 — Getting Pushy
5. Lab 12 — Constant Force and Changing Mass
6. Lab 13 — Constant Mass and Changing Force

(b) Hsu
1. Lab 2A — Law of Inertia
2. Lab 2B — Newton’s 2nd Law

(c) My Labs
1. Constant Force Produces Constant Acceleration
2. Constant Mass, Vary Force, Measure “a”
3. Constant Force, Vary Mass, Measure “a”
4. Friction

(d) Worksheets
Newton’s Law Questions and Problems

(e¢) Demonstrations
Newton’s 1st Law
1. Toilet Paper Pull
2. Cart and Figure with/without Seatbelt
3. Coin into Cup

Newton’s 2nd Law
1. Change Mass of Cart being Pulled by Same Force
2. Change Force on Same Cart

Newton’s 3rd Law

1. Skateboard, Student and Wall
2. Fan Cart on Desk

3. 2 Skateboards, 2 Students



(f) Websites and Videos

1.

2.
3.
4.

ESPN SportsFigures “That Mu You Do” Video Guide
(NASCAR Racing)

Forces in 1-Dimension Lab Sim (Java)

The Ramp Lab Sim (2-D) (Java)
www.nextvista.org/tag/newton9627s-law

(Demo with eggs; demo with rest and moving objects)

(g) Good Stories

1.

The Wrath of Newton

2. Newton’s Birthday



Topic 4: C-1 BbCongant Force Lab

Purpos: To see theeffect of acondant applied force to abady has onits motion.

Equipment. Dynamics cart

Ticker timer with power supply and carbonpgper

Ticker tape

Onerubbe band (about6GlongPavailable through Cenco, Sargent-Welch, etc.)
Level horizontal table

Meter stick

Bumper with C clampsto stop the cart a theend of thetable

Drawing:

Tape

Meter Stick

Timer Cart Stop

== | RB
o—0

Procedure:

1.

2.

3.

Get thetimer fundioning well. Thread theticker tape throughthetimer and attach to the
cart.

With the cart starting near thetimer and at rest, pull thetapetight and attach therubbe
bandto the peg onthecart and the other end of the RB to the end of the meter stick.
With only therubbe band pulling (handsoff), keep the rubbe band stretched the SAME
AMOUNT (maybe 10cm-20cm). Keep this EQUAL FORCE applied to thecart asyou
pull the cart across thetable to the stop. Thetimer should be running to putdots on the
tape.

Choos adoton thetape near, butnotat thestart of motion, and countall the dots until
the cart strikes the stop.

Depending on the number of dots, dividethetapeinto 5to 10 equd TIME intervals
(roundng will likely occur). As an example, if you count62 dats across thetape and you
dividethetotal interval into 10 equd times, 62 divided by 10 = 6 equd time intervals.
Measure the length of each interval and putthese valuesinto atable.

To make life easy, let each interval be 1 s. Divideeach interval distance by 1sand record
these average velodtiesin yourtable.

Record thetotal timein your table. For theexample daa, timesof 1s,2s,3s, 45,55,
and 6 swould berecorded.

Now calculate the CHANGE in velodty between each interval andrecord. Letssay one
interval averagevelodty is4 cm/sfrom1sto2 sand 7 cm/sfrom2sto 3 s, so the



CHANGE in velodty is 3 cm/s between 1.5 sand 2.5 s (thechangeintimeis 1 s).
Theefore, 3 cm/sdivided by 1 sequds 3 cm/s/s acceleration.

10. Draw and plot an average velodty vs. total time graph and state your conduson about
themotion when a condant forceis applied to a bady.



Topic 4: C-1 BCongant Force Lab Answer Sheet

For the Made-up Data Given:

Interval Interval Changein Total
Distance AverageVelodty | AverageVeodty Time

(cm) (cm/s) (cm/s) (9

1 1 1

4 4 3 2

9 9 5 3

16 16 7 4

25 25 9 5

36 36 11 6

AverageVeloaty vs. Total Time Graph

14

13

12

11

A
o
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This graphislinear showing tha the changein velodty in agiven amountof time is congant.
Since thechangein velodty divided by the changein timeis condant, thisis the definition of
acceleration; so

A CONSTANT FORCE PRODUCES CONSTANT ACCELERATION.

For This Made-up Data:

a=(1lcm/s-3cm/s)/ (6s-29) =8/4=2cm/ss



Topic 4: C-2 DNewton and Acceleration

Title: Accedleration of a condant mass with avariable force

Purpose:  To deerminehow the acceleration of the same mass is affected when the applied
forceisvaried.

Theory: Lab C-1 showed tha a condant force produces a congant acceleration on a congant
mass. Now, asking the question of how does the size of theforce affect the
acceleration of a condgant mass, onecan intuitively predict tha a hugeforce will
make a mass accelerate faster than a small force. However, isthereationship linear?
Taking datain this lab will answver therelationship question.

Procedure:
1. Findtwo longrubbe bandsasused in Lab C-1 that nearly exert thesame forceona
spring scale when stretched the same amount

2. Usingtrial and error, find aforce tha produees a small visud acceleration. Measure
tha force with a spring scale calibrated in Newtons and record in Newtons(for
example, let@ say theforce is 2.0 N). Pull theticker tapeasin Lab C-1, record the
forcein atable; calculate the acceleration and record in atable. You mightfindit
easer if thecart isaways loaded with about2 kg.

3. Usingoneor two rubbe bands exert a stretch tha doubles theforce in procedure 2
and repeat procedure 2.

4. Repeet procedure 2 with three times theforce, four times theforce and if humenly
possible, five timestheforce. For these greater forces, be sure to check the GtopQas
you goto preventinjury! Record theforces and the calculated accelerationsin the
table.

5. Plot accelerationvs. force graph and compare the shape of the graph to known
mathematical relationship shgpes and state your conduson.

Sample Acceleration Calculation from a Tape (1 sto go 2 spaces)

Q o e} ¢ a
I

e oo Bon

So,a=(18cm/lsb6cm/ls)/ (1.5s- 0.5 =12cm/g/s.



Topic 4: C2 BDNewton/Acceleration Answver Sheet

Question: How does the acceleration of a condant mass depend on the applied force?

Sample Data from Ticker Tape
Smallest Force

4 d v Q o %

4cm 10cm

— —

Let thetimetogo4cmbels; let thetimetogolOcmbels

so,a=(Vi-Vj)/ (t-t) =(10cm/sbB4cm/s) / (1.5s-0.5s) =6 cm/g/s.

At 2X theforce, a= 12cm/g/s.
At 3X theforce, a= 18 cm/g/s.
At 4X theforce, a= 24 cm/g/s.
At 5X theforce, a= 30cm/g/s.

30 o
Sample Graph 24
18
Accderation
(cm/gls) 12
6
0

0O 1 2 3 4 5
Force (N)

For area graphwith friction, thegraph abovewill be shifted to theright but still parallel to the
solid linear graph both showing alinear relationship between GOand GF.O0r, a! F.



Topic 4: C-3 — Newton — Mass and Acceleration Relationship

Title:

Purpose:

Theory:

Acceleration of Different Masses Using the Same Force

To determine how acceleration is related to different masses when the force is the
same. Assume the force is always greater than friction.

Labs C-1 and C-2 have shown that a constant force produces constant acceleration on
a given mass and the acceleration of a body is directly related to the applied force.
Now we will investigate the relationship between the acceleration of a body and the
body’s mass. To do this we will keep the same force on larger and larger masses.

Procedure:

1.

Using the same procedure as in Lab C-1, pull the dynamics cart with one or two rubber
bands at a very quick acceleration while keeping the force constant. Calculate the
acceleration using the procedure as in C-2. Record.

Add 1 kg and repeat procedure 1. Add 2 kg and repeat procedure 1. Also repeat for 3
kg, 4 kg, and 5 kg. Mass the cart in kg.

For each ticker tape pulled, 1 kg, 2 kg, 3 kg, 4 kg, 5 kg added to the cart, calculate the
acceleration of the cart.

Plot a graph of the acceleration of the cart as a function of the added mass (just the
added mass—not with the cart).

What is the relationship between the acceleration of a mass and its mass when using a
constant force?

Combine the results of Topic 4, Lab C-2 and this lab, C-3, to form an equation.



Topic 4: C-3 DNewton DMass and Acceleration Relationship Answer Sheet

Sample Data: Congant Force
Cart Mass=1kg

Total Mass of Cart
Addad Mass | and Addad Mass | Acceleration
(kg) (kg) (cm/s/s)
1 2 100
2 3 5.0
3 4 3.3
4 5 25
5 6 2.0
100
8.0
6.0
A
(cm/gls) 4.0
20
0.0

M (kg)

These curves show an inverse relationghip, or, a < 1/m.

A check ontheinvese relationship can bedoneif atimes m equds a condant.
This sample daa shows:

1x 10=10
2x50=10
3x3.3=10
4x25=10
5x2.0=10

Thecondant 10 for these sample data points shows an inverse relationdhip.



6. Sinceax F(C-2)anda x 1/M (C-3), combininggivesa «< F/M; thus a= (condant) F/M.
Thecongant turnsoutto be 1 dueto definitionsof units, so

a=FIMorF=MA  Newton®2ndLaw!!!



Topic 4: C-4 DFriction

Purpose:  To findtherelationsip between theforces tha pushes two surfaces togehe and the
friction tha results.

Theory:  Asmany people know, during the snowy winter, car drivers of rear drive cars put
weightin thar trunkto gan traction. In this activity, therelationsip between the
weight of theback of the car and thetraction will be explored. Theterm for the push
of theback wheals agang the groundisthenomal force because it is perpendicular.
Theterm for tractionisfriction. One can think of theforce pushing thetwo surfaces
together asthenomal force, butthe upward force of theroad pushing upis defined
asthenomal force. Thetwo surfaces for this example are theroad surface and the
tires.

In this activity, thenomal force (F, ) is numerically equd to theweight of ablock of

woodand what is placed ontop of thewood. Thefriction (F) will equd thepulling
force of aspring scale if the speed of the block is congant. Thetwo surfaces are wood
onwood. When theblock is propdled forward with aforce tha results in congant
speed, the opposng friction force matches the pulling force, so F(net) = 0. Recall tha
F(net) = ma, so when F(net) =0, a=0.

[ T /

Draw and labd theweight (W) of the block onthesketch. Also draw andlabd thenomal force
(Fn), the applied force (Fa) and thefriction (F).

Materials. Any two materials can beused, butfor thislab, woodonwoodis the choice. Cut a
20x 40block about6Alongand ingert an eyehookin the center of oneend. Use a 10x
60boad about6Qongfor theflat harizontal surface. A spring scale tha reads up to
20N isused to pull the6Oblock across theboad. Use aloop of string to use between
theblock and spring scale to be more convenient. Five onekilogram interlocking
weights will be needed.

Procedure:
1. Weightheblock of woodin Newtons Record.

2. Placetheblock at oneend of theharizontal boad. Attach the cord and spring scale to the
eyehook. Zero the spring scale.



Add 1 kg to theblock. Pull horizontally onthe block with a condant speed across the
boad. Read the scale while moving. Record. How does the pulling force compare to the
opposng frictiond force?

Repesat procedure 3, butwith 2 kg aboad, 3 kg, 4 kg, and 5 kg aboad. Record these
forces.

In your daatable, make a new column for theadded weights and theweight of the block.
How does thetotal downward force compare to the upward nomal force?

Plot agraph of thefrictiond force (F,) as afundion of thenomal force (F, ).

Wha isthe shgpe of thegraph?What is the math relationship between F and F, ?

Isthedopecondant or varying?

Wha isthevalue of theslopeof thegraph?Compare your valuewith atextbookvalue
Wha isthemeaning of this sope?

Othe Optiond Items to Check:

1.

how

Pull at different condant speeds (dow and fast) to see wha, if any, affect speed has on
friction.

Do different materials: cloth on wood metal on metal, etc., to see wha affect thishason
friction.

Compare starting friction to moving friction by comparing the pulling forces.

Seeif surface area changes thefriction (in this activity, turning theblock onits side
would have the surface area, thusa 2 to 1 ratio).

Try at hotand cold conditions



Topic 4: C-4 DFriction Activity Answer Sheet

Drawing: Fn I
&
|

/N A
<

Fe Fa

Reasonéble Sample Data:
Weightof Boad=1.0N

Addad Weight (N) Normal ForceindudingBlock (N) | Applied Force, also Friction (N)
W Fn F
9.8 108 22
196 206 4.2
294 304 6.1
392 402 8.0
490 500 100

3. Pullingforce = Frictiond force, or Fa = F;

5. Same, Fo =Fy (Up)

6. 10

8

F (N)

Fn




7. Slopeisadtraightline, or thecurveislinear. Thisis adirect propation.
Direct propottion exists between Fr and Fy, or F ! Fy.

8. Slopeis condant.
9. Slopeis called mu (Greek symbol) and written as: !
I =K/ Fy=(10-0)/(50- 0) N/N = 0.2 (no unit)
0.2 forwoodonwoodis aboutcorrect. (See tablesin textbooks)

Theratio, mu, describes the amountof friction tha would exist between two
subdances. If muislarge largefriction;if muissmall, small friction.

Optiond.:

Mu isthesame at all speeds

Y es, materials do matter: ice onice will besmall; rubbe on conaeteislarge
Starting frictionis greater than movingfriction, so mu is larger for static friction.
Surface area has no affect onmu.

Temperature has no affect on mu.

agrwn e



Topic 4: D-1 — Newton’s Law Worksheet (Questions and Problems)

Newton’s 1st Law:

1. Galileo revisited: Around 1650, Galileo sketched three ramps as shown below and asked how
far up the other side of the ramp the ball would roll if no friction was present and the ball was
released from rest.

A

What is your answer for each of the sketches and why?

2. A table and chair with a student are mounted on a platform that is rotated at a constant rate.
The table has a frictionless top, and the student propels a frictionless puck at a 45-degree
angle to the table (see the sketch).

You are mounted to the ceiling and looking down.
Describe what you would see.

3. Why can’t you walk if you were on totally frictionless ice?
4. Why does a truck in the parking lot just stay there and not move?

5. Why does a truck flying down a road at a high rate of speed have so much trouble stopping
quickly?



6. A ball is thrown parallel to the ground by a student. The first Newton law says the ball will
continue in a straight line, but it doesn’t. Why not?

Newton 2nd Law:
1. If anet force gets larger on an accelerating mass, how will the mass respond?

If a truck loaded with bricks is accelerating, but many bricks fall off during acceleration,
what will now happen to the motion of the truck?

3. Name the math relationship between acceleration and net force on a mass.
4. Name the math relationship between acceleration of a mass and the mass.
5. If arocket blasts off from earth and proceeds on its way to the moon, what would happen to

the rocket’s acceleration if you assume the rocket continues to exert the same thrust? Keep in
mind that the rocket has a large percent of its mass as fuel. Ask yourself what happens to
gravity as the rocket leaves the earth.

6. The same force is applied to mass A and mass B. Mass A at 40 kg accelerated at
40 cm/s/s and mass B accelerated at 20 cm/s/s. What is the mass of B?

7. A force acts on mass A giving it an a = 5 cm/s/s; the same force causes an a = 15 cm/s/s on
mass B. What is the ratio of mass A to mass B?

8. How long would it take a constant 10 N force to cause 5 kg to accelerate from rest to 20
m/s?

9.
© o a g ?
|‘ 7 cm ’|<_ 12 cm _>| 2 s between dots
How big of constant force causes a 2 kg mass to accelerate as shown?
10.
2 kg » 4N Calculate “a.”
No friction
11.

2 kg » 4N Calculate “a.”

1 N of friction



Newton’s 3rd Law:

1.

What is the reason when you push on a wall while standing on a skateboard that you
accelerate away from the wall? Doesn’t the force of you on the wall equal the force the wall
exerts on you, and shouldn’t they cancel out?

Why can you walk on pavement?

Two equal mass spheres move toward each other at equal speeds. At contact, draw the forces

on the spheres and label them F, ; and F» ;; (F; > means mass one pushes on mass 2.) How do
the forces compare?

Vi Vs

Lo

(L

Cart Horse

—>

— Accelerate

Ground

(a) How many Newton 3rd law PAIRS of forces are acting on the horse, ground and cart as
the horse/cart accelerate? Identify each.

(b) Which pair is the largest?

(c) Which pair is the smallest?



(d) Does the horse push forward or backward to accelerate the horse forward?

(e) Does the ground return the horizontal push on the horse? Compare the size of these two
forces. Do they cancel out? Why or why not?

@\ N
Wall

Horse 1

)

o, @ Q Q

Horse 2 Horse 1

L ] ]

(a) Horse 1 pulls on a wall. The wall and horse don’t move, but a lot of tension exists in the
rope. Does the horse feel the same force as what is within the rope? How big is the
force on the wall?

(b) The same horse 1 is attached to identical twin, horse 2; with a rope they pull. Compare
the rope tension now to when horse 1 was pulling on the wall.



Topic 4: D-1 DNewton®3 Law Worksheet (Questionsand Problems) Answer Sheet

Newton® 1st Law:

1. O Same hdght bdl repeats same motionN symmetry;
easier to explain with energy topic.
% ------------------------------------------------ ) Same heght,
same reason.
O mm

Go forever. No reason to stop since nofriction. A bodyin motion goes forever in a straight
linewith no externd force. Galileo did these very experiments with a hard wood, waxed bdl
and waxed boads and could see his ideas were correct.

2. Youwould see the pud goin astraight line and the table would appear to rotate in acircular
pah beneath thebdl. If youwere in theframe of reference of thetable/student, the pudk
would travel inacircle.

3. Youcannotpush back ontheice, so theice can®propd you forward.

4. Sincethetruck hasnohorizontal force onit, abody at rest remainsat rest.

5. A bodyin motion staysin motionN inerttia (mass) too large Momentum and energy will later
explain this phenomenon.

6. Anexternd force, in this case gravity, acts down on thebdl causngit to curve downward.
Theshgpeisapaabola.

Newton®2nd Law:

1. Sincea! F,adirect relationship exists; so when F increases, so does acceleration.

2. When bricksfal off thetrudk, the mass decreases, so the acceleration increases with a
condant force.

3. Direct relationship

4. Inverserdationdip



Since fud isused up, therocket@ mass decreases causng an increase in acceleration.
Likewise, thefurther away fromthe earth therocket goes, the smaller the gravity force, so
agan, faster acceleration.
a! mandF=MA, so MaAax = MsAg
Or,
(40kg)(40 cm/g/s) = Mg (20 cm/g/s), so Mg = 80kg
al 1/m, so Ma/Mg = Ag/An
Ma/Mg = (15cm/g/s) / (5 cm/g/s) =3/1 or 3
F=MA; F=(M)("V)/("1); (1ON) = (5kg)(20m/sB0)/ ("t); "t=10s

Firg,a=("v)/("t);a=(12cm/2s-7cm/29/2s=(6D3.5)/2=1.25cm/g/s, then,
F=MA; F=(2kg)(1.25cm/s/s) = 25N

10. A =FIM: A = (4N) / (2 kg) = 2 m/s/s

11. A=F/M; A=(4ND1N)/(2kg) = 1.5 m/s/s

Newton® 3rd Law:

1.

Reaction. When you push onthewall, thewall pushes back on you with an equd but
opposte force tha causes your acceleration,a! F.

Yes, theforces are equd, but, no, theforces act on different bodies. Youfeel oneforce of the
wall.

Friction. Y ou push back onthe pavement and it pushes forward on you (action-reaction).

Fa1 -F12 F.1=-F1> equd andopposte

(@) 3 pars
1. Horse-ground(F horizontal)
2. Horse-cart  (F horizontal)
3. Cart-ground (F horizontal)



(b) Horse-ground

(c) Cart-ground

(d) Backward

(e) Yes, equd but oppostely directed; theforce does NOT cancel because the horse feels
oneforce and the groundfeels the secondforce of the pair.

5. Yes, (Fonhoase=Fonrope
(@) Fonwall same asF onhorse and same as F onrope
(b) Same tengon as when thehorse pulled onthewall



Topic 4: E-1 BDynamics Demongdrations

Newton® 1st Law: A bodyat rest will remain at rest if no outsideforce acts onit; abodyin
motion will continuein motionin astraightlineif no outsideforce actsonit.

1. Toilet Paper Pull: If youplace adowd rod throughtheroll and pull dowly, theroll
unwindssince it has time to accelerate. If you pull quickly, theindividud squaes tear off
since theinatiaof theroll islargeandthetimeistoo small for acceleration.

2. Cart and Figure withiwithoutSeatbdt: Use the dynamics cart with a soft, unkreakable
figure like an 8-inch-tall teddy bear riding ontop. Get the cart and bear going by dowly
accelerating them and smash them into awall. Thebear goes flying sinceN 1st law!
Repesat by strapping the bear (I use dud tape) down and the bear stays on the cart.

3. Coininto Cup: Place a30x 50index card over a cup or beaker and place a coin like a
quater (larger mass) onthecard. Flick theedgeof the card horizontally quickly with
your finge and thecoin fallsinto thecupN 1st law.

(Be creativeN thelist of demosis limited by your imagination)

Newton®2nd Law: The acceleration of amassis directly related to the applied net (total) force
actingonthemass and inversely related to itsinertial mass. A = F/M

1. Changemass of cart being pulled by same force. Like in the Newton lab, pull one
dynamics cart with onerubbe band so it accelerates quickly. Repeat usng the same
pulling force but put many kilograms on boad to see a dramatic difference (NO numbers
needed here).

2. Pull onedynamics cart with onerubbe band asinthelab so it accelerates slowly. Now
pull the same cart but with two or more rubbe bands so the same mass accel erates
noticeably quickly. Practice is required to show conceptudly the 2nd law.

Newton®3rd Law: The3rd law states tha when one mass pushes on a second mass, the second
mass pushes back with an equd force butin theopposte direction. Each bodyfeels oneforce, so
each bodywill accelerate, nat cancel outthe other force as some students would predict (action
and reaction). Forces aways occur in pars.

1. Firgt, youorastudent (safer for you) standson a skateboad at rest facingawall and
pushes off; the teacher/student accelerates nicely but thewall doesn®. Ask thewhy
question to the studentsN why you accelerate but not thewall. Thewall is attached to the
school, so its massistoo largeand since too much friction prevents thewall from
accelerating, you will accelerate because the massis small.

2. Useacommercia fan cart or mountafan onadynamics cart and ask if the cart



will moveandin what direction. Mog will get it correct and indicate theair goes oneway
butthe cart goes the otherN 3rd law. However, ask to explain how this demo works in
terms of pars. The sketch bdow should hdp.

Hm%;
) -

\/

< >
Ffanonair =F air onfan

Now putasail onthecart and ask if it will work. Also explain in terms of thepar of
forces.

%

) @

F ar onsail = F sail onair Ffanonair = Fair onfan

< >

“— —>
SinceF sail onair and F fan onair are equd, then, theF air on sail andF air onfan are
equd. Thesail and fan are both attached to theboa, so thenet force onthebod is zero;
thus theboa stays at rest.



Topic 4: E-2 DDemondrationsof Newton® Three Laws

Newton® 1st Law:
1. Toilet Paper Pull

Pace afull roll of toilet pgoer ona
@ — smaller dowe rod with little friction

’ throughthe cardboad tubecenter.

(@ Try toremove1 sheet when you pull slowly and down. Discuss. (Sheet probebly
won®tear off and will unroll the pgoer since thetime of accelerationislongenough
to not take advantage of theinertia of themass.)

(b) Repest (a), butpull down quickly.
(Will work dueto the short time and thuslarger force; theinertia of the mass allows
you to remove 1 sheet.)

(c) Repesat (a) and (b), butusng anearly empty roll.
Repest (a) result DOne shest won®tear because theforceistoo small as thetime of
actingistoolong
Repeat (b) result DMightwork if you pull fast to make! t small enoughfor F to be
large enough)

2. Cart and Figure withAwithout Seatbdt

y wa
AN\

(@) Roll adynamics cart and stuffed toy of your choosng (rabbit shown) at awall at high
speed. Observe. (Toy fliesinto wall causng death; abodyin motion staysin
motionN inertia at work. Thewall@ force on thecart stopsthecart.)

F

(b) Repeet (a) but puta seat bet on thetoy (dud tapecould beused). Observe. (Toy
remainspart of vehicleN seat bdt GOOD! Can prevent death!)



3. Coininto Cup
? Place a coin onan index card
« aboveyour coffee cup.

Quickly sngp acorner of theindex card with your finge. Observe. (The card goesflying
and the coin dropsinto thecup; abody at rest stays at rest.)

Newton® 2nd Law:

1.

(@) Loopalongrubbe band aroundarodinserted into a dynamics cart and place a meter
stick into theloopof therubbe band and stretch the rubbe band as shown. The
stretch should be such tha the cart accelerates quickly but at arate tha allows youto
maintain the same stretch.

(b) Repesat (a) with abrick atop the cart usng the same rubbe band and the same stretch.
Observe any change

(c) Repesat () with 2 bricks atop the cart. Observe.

(Students can easily observe tha usngthe SAME FORCE on INCREASING
MASSES resultsin DECREASING ACCELERATIONS. A x 1/M)

(8) Usetheprocedure asin 1 with 1 brick onthecart but pull with aforce that causesa
small but noticeable acceleration.

(b) Agan use onebrick butuse 2 identical rubbe bands at the same stretch to accelerate
the cart. Observe any change

(c) Repesat with 3 rubbe bands Observe.

(Students will easily see tha INCREASING THE FORCE CAUSES THE
ACCELERATION TOINCREASE. A x F)
Newton® 3rd Law:

1. Youoracoordinaed student standson a skateboad next to awall.




Therider pudhes off fromthewall. Explain what took place.

(Thisis astraightforward action-reaction example. Rider pushesthewall [action] and the
wall pushes back with an equd butoppostely directed force [reaction).)

. Useacart frommog scientific supply companies that has an electric fan/motor mounted
to alightweightlow-friction cart.

Sail gl___l Fan/Motor

(@) QO

(d) Ask students which way the cart will move (or not move) when NO SAIL is attached
to the cart. Establish which way thewind blows as you hold thecart at rest and hold a
sheet of pgoe in front of thesail. Have the students discuss what will happen before
youturn onthefan. Turn onthefan.

(In this sketch, thewind blows to theleft so thecart goesto theright. This vector
sketch should hdp.

Force onwind Force on sail, thusthe cart

< >

Thewindfeels oneforce of theactionreaction par and the cart feels the other ONE
FORCE to theright, so it accelerates to theright)

. Have two coordinated studentsN onesmall and the other largerN stand on skateboads as
shown. Ask wha will hgppen as they push off from each other? So, 3, 2, 1, goand
obsrve.

(SinceFs. =- F . sandF = MA, weget Ma=-mA, which showsthelarger personhasa
smaller acceleration and the smaller person alarger acceleration.)




Newton® Two Birthdays

It iscugomary to celebrate the birthday of Isaac Newton on Christmas Day 1642.
Newton was consderably premature at birth and was given little hope of survival. It was said
that hewas small tha hecould befitted into a quat pot Newton®@father (also an 1saac) had died
three monthsearlier, which left, Hannéh, his mother, thetask of raising thelad.

Today we can celebrate Newton® birthday twice, first on December 25and on Januay 4.
On the day of Sir Isaac@ birth, it was December 25,16420nly in Engand. For therest of Europe
it was already Januay 4, 1643.

Sincetheyear 355A.D., the Christian calenda had designaed March 21 asthe day of
thevernd equinox. A solar year of 365days, 5 haurs, 48 minutes, 46 secondsis 11 minutes and
14 secondsshort of a Julian calenda year. Over the course of more than 1200years, the vernd
equinox was off by more than 10 days occurring on March 11.

In 1582PopeGregory decided to set the calenda right To restore March 21 asthevernd
equinox, hedeclared tha Octobe 4 would befollowed by Octobe 15, thusadding 10 daysto the
Julian calenda. He also indituted aleap year, which was any year evenly divisible by 4, except
centennia years evenly divisible by 400 This new Gregorian calenda is used throughoutmost
of the Christian world today. So while England celebrated Newton® birthday on December 25, it

was aready Januay 4 in therest of Europeand mog of theworld as well.



The Wrath of Newton

Sir Isaac Newton, for all his genius, was the epitome of strangeness. He was introvert,
solitary and never seemed to smile. (An instance of Newton smiling is said to have taken place
when a student asked him if there was any benefit to studying Euclid.) Sir Isaac was known to
stare into space for hours on end as a rush of thoughts and ideas passed through his head.
Newton was not a sociable person and had few, if any, friends. One of his character traits was the
inability to give or share credit with those who may have contributed, even in the least way to his
discoveries. One person who aroused Newton’s anger was Robert Hooke. Hooke was not a
second-rate scientist. He held the title of “Curator of Experiments” at the Royal Society and
seemed to think that he deserved more credit than he was given. Hooke had several arguments
with his contemporary scientists.

When Newton sent his completed manuscript of Book I of his Principia to the Royal
Society, Hooke claimed that Newton had taken his idea from a dozen or more years before.
Newton’s contempt for Hooke escalated. Newton would not acknowledge any of Hooke’s
contributions, and there were many. Newton went through his manuscripts and deleted any
references to Hooke. In spite, Newton threatened to suppress publication of Book III altogether.
Still Sir Isaac continued his feud with Hooke. It seemed that Robert Hooke had made a

permanent enemy. Newton kept Hooke as his whipping boy and refused to publish his “Optics’

or accept the presidency of the Royal Society until Hooke had died in 1703.



