Force

A California Standards
Review

Additional Notes

* Mewton's first law of motion seates that the motlon of an object will not change (f no
unbalanced forces act on (1

@ Inertla Is the tendency of matter to resist a change in motion. Mass 15 a measure of
Imerea,

* Newton's second |aw of motlon states that the acceleration of an object depends on 1ts
mass and on the force exerted on It

* Newton's third law of movon siates thar whenever one object exerts a force on a second
object, the second object exerss an equal and opposite force on the first.

+ Momentum Is the property of a moving object that depends on Its mass and velocity.

* When two or more objects Interact, momentum may be exchanged, but the total
amount of momentum does not change. This Is the law of conservation of momentum.

» All objects accelerate toward Earth at 9.8 m/s/s,

* Alr resistance slows the acceleration of falling objects.

= An object s In free fall if gravity Is the only force acting on it

* An orbit 1s formed by combining forward motion and free fall

= Objects In orbit appear to be welghtless because they are in free fall

* A centripetal force is needed to keep objects in circular motion. Gravity acts as acen-
tripetal force to keep obijects In orbit.

* Projectile motion is the curved path an object follows when thrown or propelled near
the surface of Earth

* Projectile motion has two components—horizontal and vertical. Gravity affects anly
the ventical motion of projectile motion.

Forces in Different Directions

Net force
1IZN-10N=2N
to the right

Forees
2. Unbalanced forces cause changes in velocity, As a basis for understanding this
concept
. Shiedents knows a force has both direction and magnitude.
. Shdents koo when an object is subject fo two or more forces at once, the result is
the cumulative effect of all the forees

Shiadents knowe when the forces on an object are balanced, the motion of the object
does not change.

Shuitents ki how to identify separately the two or more forces that are aching
on a single stabc object, including gravily, elashic forces due to tension or com-
pression in matler, and friction

. Students know that when the forees on an object are unbalanced, the ebject will
change its velocity (that is, it will speed up, slow down, or change direction),
Shaentfs know the greater the mass of an objact, the more foree is needed to
achieve the same rate of I'ILIIIW' im Pastizan.
Sturtents know the role of gravity in forming and maintaining the shapes of
planets, stars, and the solar system

Forces in the Same Direction

Net force
25N+ 20N =45N
to the right

Part 2: Newton's Second Law

Isaac Newton expressed the relationship between force, mass, and acceleration in his sec-
ond law. This law is so important that it became the basis for much of modern physics.

In fact, Newton's contribution to science was so great that the unit for force, the newton
(N), was named after him. A newton is defined as the foree needed to produce an accel
eration of 1 mfs* on a 1 kg object. Therefore, 1 N = 1 kg ¥ 1 m/s’. The equation for
MNewton's w is given below,

EQUATION: Force = mass ¥ acceleration
F=mxa
If you know two of the values in this equation, you can caleulate the third by
changing the equation around, as follows:
Force Force
mass acceleration

acceleration and  mass

SAMPLE PROBLEM: A soccer ball accelerates at a rate of 22 m/fs* forward when kicked by
a player. The soccer ball has a mass of 0.5 kg. How much force was applied to the ball
1o produce this acceleration?

Force = mass % accele

Force = 0.5 kg x 22 m/!

Force = 11 kg * mds*
1N

Force

Use the equations above 1o complete the following problems:




Foree = 115 kg % 6 mjs® - 690 N

x 26 mis* = 98750 N

S

A= TIEmis wast el 14,056 kg = 112 m/s* = 1574272 N

Part 3: The Force of Gravity

Forces are not always exerted an objects by direct physical contact, such as a hand push-

ing a door closed. For instance, the Earth exerts the force of gravity on objects even

when the ohjects are not dircetly touching the ground. The acceleration on an ohject

due to the foree of gravity is 9.8 m/s* downward. In other words, for every second an ob-

ject is falling, its vels y increases by 9.8 m/s downward.

7. a. A9 kg bowling ball rolls off a table and strikes the ground. If the ball is in the air
for 0.5 seconds, how fast is the ball moving when it hits the ground?

0.5 5 x 9.8 m/s* = 4.9 m/s downward

b. Another bowling ball with one-fifth less mass rolls off the same table and strikes
the ground. When this ball hits the ground, is it moving faster, slower, or the
same speed as the first ball? Explain your answer.

The ball with less mass will be traveling the same velocity (4.9 m/s downward) as the first ball

The difference in mass does not affect the acceleration due to gravity.

8. An object Is In projectile motion 1f
a. [t1s thrown with a horlzontal push.
b. It1s accelerated downward by gravity.
c. It does not accelerate horlzontally.
@ All of the above

9. Newton's first law of motion applies
a. to moving objects.
b. to objects that are not moving.

e. to objects that are accelerating.
(a) Both (a) and (b)

How much force is needed to move a 0.1 kg snowball at a rate of 15 m/s* up
0.1 kg 15 m/s* = 15N

A 0.02 N push accelerates a table-tennis ball along a table at 8 m/s* north, What is
the mass of the ball?

002N + 8 m/s* -~ 0.0025 kg

At lft-off, an astronaut on the sp shuttle experiences an acceleration of approxi-
mately 35 m/s’ upward. What force does an 80 kg astronaut experience during this
acceleration?

80 kg < 35 m/s* = 2800 N

What is the acceleration of a train with a mass of 3.2 % 107 kg that pushes itself for
ward with 2.4 x 10" N of force?

{24 x 10") N = (3.2 x 10°) kg = 0.75 % 10 = 75; 75 m/s? lorward

Forces in Motion

USING VOCABULARY
To complete the following sentences, choose the correct term from each palr of terms
listed below, and wrlte the term In the space proviced.
1. An object In metion tends to stay In motion because It has
i

2 (inertia or terminal veloctty)

2. Talling objects stop accelerating at torminal velac|
(free fall or terminal veloclty)
3. Projectile motion 1s the path that a thrown abject follows.
(Free fall or Projectile motlon)
4. A property of moving objects that depends on mass and velocity 1s
momentum (inertia or momentum)

5. fieelll  only occurs when there Is o alr resistance
(Momentum or Free fall)

Multiple Choice
6. A feather and a rock dropped at the same time from the same helght would land at
the same time when dropped by
a. Galileo In Ttaly.
Newton In England.
{2 an astronaut on the moon.
. an astronaut on the space shuttle.

1. When a soccer ball Is kicked, the actlon and reaction forces do not cancel each other
out because
a. the force of the foot on the ball is bigger than the force of the ball on the foot
(1) the forces act on two different objects

the forces act at different times.

d. All of the above

FORCE DIAGRAMS

el fhvir iosibont force n eoch of ha f;

Grams ond draw veCior
v. Scote: tem = 10N whee Nepreents

2 20H




. What ki ine occelmalion of o soffoot It hos o mass of 0.50 kg ond Ml ke calchos
gleve with a1 fxes of 25 Newtons?

50 m/s*

- What is the most ol o fruck it s occetemating al arale of 5mfy ord his o paked
Carwith a force of 14000 Mawtons?

2,300 kg
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FORCE AND ACCELERATION Nome

A fite s o preh or o pull. To tarse, we s Q@ fetrei,
F=ma  whom Fnfyce b Hewions

= mas kg

© = accelsrabion in rojfres?

Example: Wih what toree will @ raebat ball hit
the ground ¥ LI his o irats of 0.28 kgl

Anvwer F oo (135 k0) (8 ma)
Fou 2458

Satver the folowing preblems,
¥ Wilh whet (oree e & cot T G Ims 1l he cor hos amass of 3000kg and 1t s

TTEEWANNG Gl a s of s ?(0 OOO N

7 Allkg mm DEE windt! IniaTe W T06eA 10 GeCalnroIe 1| down on ol ey of

30N

3. Wahatt L3 #Uhits Iha gy

Answer

Arderan:
force ol 147 Nawlong?

I5 kg pr

GRAPHING DISTANCE VS, TIME

Flal 11 fotowing dole oniha groph ond arswar Hhe questons bekos.
Tima (3

. Whot i tha evanoge gpeed af 1o 2067 O. (ﬂomjs
. Wmgtlst go speadal =057 _ Qs L7 tmfs
VSN B il e Bl e and X ST 0 00?“1!&’5
. Whal I+ 1ha evsnge speed of | - ATs7 M’s
. mmmnewuuumurl-ma'_iw's
What  tha oe potwoen 005 a0z (3« 00T kmfs]s

& tha abjact accelarating ol 0 conskoant rala? 0




GRAPHING SPEED V5. TIME
Pol The icliowing daka on 'he groph ond answier the questions Dekow.
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DETERMINING SPEED (VELOGITY)

— . Speed ka mamure of how fast on objoct it moving of haveling. Velocllyis o meosurb of
A% rme ncrecses, whal hoppans o the EIaed‘? how fast an objact Ik fraveling In o certaln dreclion. Both spasd ond vaiocily Include the

distance hroveled compored 1o the omount of lims lokan 1o cover this glslonce.

Whot 't the gpoed ot 587
) rould o the spaed ot 1447 - dith - _distonce l
Assuming ey oeceloratian, whak w SR ‘I spaad ::“ valaeiy 2 In a specific diroction

Answer the following quastions.
1. What & the velocity of a car that bovelod o telal of 75 Klemelors norh in 1.5 hows?
- L po—— S0 km|hr

Y | 2 4 . What s the velpcity of a pianed thot Iravelad 3,600 miles from New York fo Calfomia
fhon In Prottem: 6. calcwata the accataation from 108 1o 205, In 50 housstT _t;m_ml?h;-

of Iho object Cociassd from . John 1ok 45 minutes 10 bicycls 1o his giandmother's howse, a totol of four kiemaler.
el mopa of 1ha graph Do i tha objec’ docio
" mnmma:cmaa:mfﬁamn s\ Winal was hs velodity nkmye? & 3 E’.h‘hr
acceleroiion in Pablem 87 "! K S It took 3.5 hours for o rain 16 frovel the distance botwaen two cllies of a veloclly of
n
Mhiiliddiss il 120 krajhe. How many miles lig belween ths fwo cifies?

. How leng would It take for a cor fo liovel o dislancs of 200 klometess If it ktravealing
1 avelocl &
ot avelocly of 55 km/te? ___ 3_“ h“
- A carls ravelng at 100 kenfhr. How many hourswill it toke 10 Gover o distance of
750 km?
4-5-—} Irs

- A plons aveled for about 2.5 hours al aveiocity of 1200 kmyhr, What dislonca didit

haver? W ko

A girl s pedaiing her blcycle at o velocily of 0.10 km/min. How fer will she trovel n

An ani caniles food 0 of spesd on 1 cmys. How long wil il take the ant toconya
cookle crumb liom Iha kitchen table to the ont WK,  distance of 50m7 Express your
onswer In 1oconds, minutes and WM_S,_MML@ I 39 h!!»

ne water In the Buffalo River flows al on average spesd of 5 km/he. Hyou onda
filand declde fo canoe down the river o dslance of 16 Kiomalers. how many houss
and minutes will it laka?




