Newton's Laws "4 Name:

Read from Lesson 3 of the Newton's Laws chapter at The Physics Classroom:

MOP Connection: Newton's Laws: sublevel 7
1. . The acceleration of an .object'is; DIRTETLY related to the net force exerted upon it and
NV ERSELM related to the mass of the object. In equation form: a="Fnet/ m.
a. directly, inversely b. inversely, directly  c. directly, directly d. inversely, inversely

Newton's Second Law of Motion

http://www.physicsclassroom.com/Class/newtlaws/u2l3a.html
http://www.physicsclassroom.com/Class/newtlaws/u213b.html

Use Newton's second law to predict the effect of an alteration in mass or net force upon the

acceleration of an object.

a. An object is accelerating at a rate of 8 m/s? when it suddenly has the net force exerted upon
increased by a factor of 2. ' The new acceleration will be b m/s’.

b. An objectis accelerating at a rate of 8 m/s* when it suddenly has the net force exerted upon
increased by a factor of 4. The new acceleration will be R m/s

c. An object is accelerating at a rate of 8 m/s* when it suddenly gas the net force exerted upon
decreased by a factor of 2. The new acceleration will be m/s’. |

d. An objectis accelerating'af arate of 8 m/s? when it suddenly has its mass increased by a factor
of 2. The new acceleration willbe _._ 4  m/s

e. An objectis accelerating at a rate of 8 m/s* when it suddenly has its mass decreased by a factor
of 4. The new acceleration will be A __m/s

f.  An object is accelerating at a rate of 8 m/s* when it suddenly has the net force exerted upon
increased by a factor of 2 and its mass decreased by a factor of 4. The new acceleration will be
m/s’.

g- An objectis accelerating at a rate of 8 m/s* when it suddenly has the net force exerted upon
increased by a factor of 4 and its mass increased by a factor of 2. The new acceleration will be
m/s%.

h. An object is accelerating at a rate of 8 m/s* when it suddenly has the net force exerted upon
increased by a factor of 3 and its mass decreased by a factor of 4. The new acceleration will be
m/s ' ' ' ’

These force diagrams depict the magnitudes and directions of the forces acting upon four objects. In
each case, the down force is the force of gra&ity. Rank these objects in order of their acceleration,

from largest to smallest: : > > D >
Object A ObjectB~ ObjectC Object D
TEI]N TSIJN , 50N TSI]N
2N 50N SON 10N+ 0N 15N 1N
- g+ s ey
lﬁl]N Jv!il]N SON lﬂ]N
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Newton's Laws Name:

Net Force and Acceleration
Read from Lesson 3 of the Newton's Laws chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/newtlaws/u213a.html
http://www.physicsclassroom.com/Class/newtlaws/u213b.html
http://www.physicsclassroom.com/Class/newtlaws/u213c.html

MOP Connection: Newton's Laws: sublevels 3 (front), 8 and 9 (back)

1.  Luke Autbeloe drops a 5.0 kg fat cat (weight = ~50.0 N) off the high dive into the pool below (which
on this occasion is filled with water). Upon encountering the water in the pool, the cat encounters a
50.0 N upward restraining force. Which one of the velocity-time graph best describes the motion of
the cat? Accompany your answer with a description of the cat's motion.

A C

_/

. 50N
Description of cat's motion while falling through air:
ACC\’LFﬁnTrNG AT —10wls? _ ]
Description of cat's motion after hitting the water: J,

NO  MET  ORCE, S, CONSTANT V- =R

Time

Time

Yelocity
Q
Yelocity
Q
Yelocity
=)

2. Which one of the following dot diagrams best Tape A
describes the motion of the falling cat from the ;
time that they are dropped to the time that they
hit the ground? __A_ The arrows on the
diagram represent the point at which the cat hit

the water. Support your answer with sound
reasoning:

DoT’s  Srow & (LARGTR GAPS) wulu.
hté WwRTIR | THEN ConETANT  V
( Grrs  SAme DisANCE )

Several of Luke's friends were watching the motion of the falling cat. Being "physics types", they

began discussing the motion and made the following comments. Indicate whether each of the
comments are correct or incorrect? Support your answers.

Tape B TapeC

3

Correct?
Student Statement: Yes or No
a. Once the cat hit the pool, the forces are balanced and the cat will stop. ((ow5TANT)
FneT = NO 2 Cwil TRARL @ T onT NO
Reason;: ND [NeT = NO & = .. L
waTtR
b.  Upon hitting the pool, the cat will accelerate upwards because the pool applies
an upward force. ‘
Reason:  VFwM? = Jowpwako 7 No frg T él/ MO X No
c.  Upon hitting the pool, the cat will bounce upwards due to the upwards force.
Reason: SAME . A b. l\} 0
| &
b Rewmamg R T/NC"" wiee  6GVE & y oT

i

p“‘i(L"'O“ = MovEMENTC
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Newton's Laws

4.  For each force diagram, detertnine the net or resultant force (LF), the mass and the acceleration of
the object. Identify the direction (the second blank) of the two vector quantities. NOTE: Fgrav

stands for the weight of the object.

a. b.
Fm:iﬂlH
I ¢
Fgav = 600N .
; oA =
YF= boo N DOWIJ YF = 200 N ’ DD»U o
m=__ b0 Kg m= bOKg
a= [D'Mlg"‘ i DDWN a= 533 -.w/jz Pow ™
(o2 ; d.
Fyomm = 8000 N F,..p = S000N
Fﬁd=mq Fﬁd=4[[l]l\[
Fyav = S000N Fprore =S000 N
B 2000 N .o LEPT F = NPeo N ' LEFT
m = 500?/\9 m = %DO K?
is  AeE mde®™ o LEFT s Swls ™ LEFT
e. f.
Fpomn =20N Foomn =40N
iP - E Y
Frit=1aN Bapp=2N Fgir=28N Fapp=4N
+ ; +
S ¢ N , PLEnT S lo N ’ Q6T
m = A Kj m = 4 Kg
a= Huwls™ 2yenT a= U mls? ﬁ(é"‘T
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Newton's Laws - Name:

Newton's Second Law
Read from Lesson 3 of the Newton's Laws chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/newtlaws/u2l3c.html
http://www.physicsclassroom.com/Class/newtlaws/u213d.html

MOP Connection: Newton's Laws: sublevels 8 and 9

Free-body diagrams are shown for a variety of physical situations. Use Newton's second law of motion
(XF=mea) to fill in all blanks. Use the approximation that g = ~10 m/s/s.

m=10000 kg
a=8.0 mlgs, down a=6.0 m/s/s, up
SF=_%0 0% N, Joww ZF=_“1%300N vf
f.
=9000 N
7 90
e 1370
Fyray =9000 N
Mhe 0RO B m=0.500 kg gmﬁ‘o 4
; ' b >
a=_ Lwis®) LPT a=_ 1€ wis 150 /sl K'ht
SF=_ 9o00M, L¥ET’ SF =124 N, right — “{g?a"iﬁ -
‘ _ __1390N,
g i

an; 2vo06nN

Fnorm T

= [0 00DN -
Fi':rict FaPP—'l‘ll][]U N
Forav= 12
m=15.0 kg Fgav= Ao ooon
a=0.50 m/s/s, right . : -
SF=__ 1.5 N pnt m=___ b0 Ky =000 kg
>

e (b7 i a=2.0mVs/s, right

TF= “oeen, RI61T
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Newton's Laws Name:

Air Resistance and Terminal Velocity

Read from Lesson 3 of the Newton's Laws chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/newtlaws/u213e.html

MOP Connection: Newton's Laws: sublevel 11

1. When falling under the influence of air resistance and
dropped from the same height, which will fall to the ground
at a faster rate?

a. a mouse b. an elephant c. the same %

2. Which of the following variables will have a direct effect
upon the amount of air resistance experienced by an object?
(That is, for which of these quantities will an increase lead to
a resulting increase in the air resistance force?)

a. speed b. air density c. cross-sectional area

3. Consider the dragster's motion below. Speedometer readings and the forward propulsion force
(Fapp) are shown. The top (or terminal) speed is 120 mph. Draw Fajr force arrows on each diagram

to illustrate how the amount of air resistance changes during the course of its motion.

FaPP FaPP
+ - x,
& Y “u

4. Draw Fjr force arrows to show how the force of air resistance changes on the falling skydiver. At
A, the diver has just jumped; and at E, the diver has just reached terminal velocity.

A B C D E

5. Fillin the blanks in the following paragraph.

As an object moves faster and faster, the amount of air resistance [N CRERS €S

(increases,

decreases) until a state of terminal velocity is reached. Once terminal velocity is reached, the force of
E Qv To

air resistance is

(greater than, less than, equal to) the force of gravity. Hence,

the object will STOF 'S peccleraTion

(continue to accelerate, stop its motion,

stop its acceleration, move back up to its starting position).
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Newton's Laws Name:

Skydiving
Read from Lesson 3 of the Newton's Laws chapter at The Physics Classroom:
http://www.physicsclassroom.com/Class/newtlaws/u213e.html

MOP Connection: Newton's Laws: sublevel 11

A 90-kg (approx.) skydiver jumps out of a helicopter at 6000 feet above the ground. Ashe descends, the
force of air resistance acting upon him continually changes. The free-body diagrams below represent the
strength and direction of the two forces acting upon the skydiver at six positions during his fall. For each
diagram, apply Newton’s second law (F = mea) to determine the acceleration value.

6000 feet ™ 5500 feet 4500 feet
Fyir= 200 N Fair= 900 N
Foaw= 900 N =900 N =900 N
a=__10 misls, P | a=_%.77. misis )| a= (% m/s/s
3000 feet 1500 feet
F,;;=1500 N
900 N
=900 N =900 N
_ - P
a= 22T i, Vf| a=__b.bb il | a= O mish
1. At which two altitudes has the skydiver reached terminal velocity? Q500 4 / 1500 £+
2. At which altitude(s) is the skydiver in the state of speeding up? Gooo {1 5500 f+
3. At which altitude(s) is the skydiver in the state of slowing down? 30bo £+ . 24900 £t
4.  At2900 feet, the skydiver is . Choose two.
a. moving upward moving downward c. speeding up @slowing down
5. Explain why air resistance increases from 6000 feet to 4500 feet.
ns 1ouU (NCRERSE v . Yo T merE AR pAeTICLES fER
Uy oF ame % e e Fa\v‘ *
6. Explain why air resistance decreases from 3000 feet to 1500 feet.
ps  THe PrRACHUTE  DrENS Sukfnce  ARex P Tav §
/
r')\ Fair . THE SKu piveR Srows Powr  as L RESVL‘T
AS  Faiv > Fo. AS  SKDWER  Sipws  Fav b unTio
"Rm R
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Newton's Laws Name:

Newton's Second Law Problem-Solving

Study from Lessons 3 of the Newton's Laws chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/newtlaws/u213c.html
http://www.physicsclassroom.com/Class/newtlaws/u213d.html

For the following problems, construct a free-body diagram and show your work clearly.

A rightward force of 302 N is applied to a 28.6-kg crate to accelerate it across the floor. The
coefficient of friction between the crate and the floor is 0.750. Determine the acceleration of the crate.

0M1’(

x During a football workout, two linemen are pushing the coach on the sled. The combined mass of
the sled and the coach is 300. kg. The coefficient of friction between the sled and the grass is 0.800.
The sled accelerates at a rate of 0.580 m/s/s. Determine the force applied to the sled by the lineman.

oM

y\ A 405-N rightward force is use to drag a large box across the floor with a constant velocity of 0.678
m/s. The coefficient of friction between the box and the floor is 0.795. Determine the mass of the

box.

O [-/\\‘,’

4. A 6.58x103 N upward tension force is exerted on a 521-kg downward-moving freight elevator.
Determine the acceleration of the elevator.

6390 N gz Saw®

1 Fuer = (5%~ - 520w 13308, ot

KR fo Feer L RN T M/);@
e 52l Kq S

520N
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Newton's Laws

5. A basketball star exerts a force of 3225 N (average value) upon the gym floor in order to accelerate
his 76.5-kg body upward. (a) Determine the acceleration of the player. (b) Determine the final

speed of the player if the force endures for a time of 0.150 seconds.
7225 N ~
32 ' i_,j s 2SN

Foce = QHiow, Uf ) ar

*t

W

b v

N

05w

(33 wls 2)(0.150s) = %1;§!iliiiiﬁ

P

Ve~

it
sl

v¥

Adeon, of
._———,-—

F6 -5 K

& WA TP

6. At the end of the Giant Drop free fall ride, riders experience a large upward normal force to bring
their falling bodies to a stop. Determine the normal force value required to accelerate a 52.1-kg

physics student with an upward acceleration of 27.4 m/s/s. 0 52y
-~ 5 =

I~
! Fust = m2
62.1%g) (AF-Hm (55)

It

0

N

5arn FN: 14272.64 v~ 4

A hockey player accelerates a puck (m = 0.167 kg) from rest to a velocity of 50 m/s in 0.0121 sec.

7
Determine the acceleration of the puck and the force applied by the hockey stick to the puck.

Hi3 3mls®

AV = Simls
E WA RA

Neglect resistance forces.

&=

-N',I_(

Frnet = Farr =
= (L90.5% N

8.
skydiver (including parachute gear) is 67.2 kg. Determ 1
(and accompanying parachute). rj A Y
Fa.\ v FNET s W ﬁ
= ({a?’z Kﬁ)(%,aq”\lillv)
= 221 -0dWN o 4,?
bq,;‘,\) tav - 7 aN - 2431 . 04N = @/
9. A 67.2-kg falling skydiver opens his parachute and instantly slows down at a rate of 7.2 m/s/s.
Determine the air resistance force on the skydiver (and accompanying parachute).
FGI-QV '_—-N ET z M i

= (b2 rgd( FoAmls vp)
‘ -
bIaw Faiv =

© The Physics Classroom, 2009
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5

= (b.ibTKgI(4131.172 wls?)

|H2F.54 N ——_
Saln = 1 qqs  sHAN, VP )

—— e

A falling skydiver is accelerating in the downward direction at 3.29 m/s/s. The mass of the
mine the air resistance force on the skydiver

= KHEIguwM., VY
- LFAN ¢ HG3 BHN o \\gg,%b(‘\’,\’f)
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Newton's Laws Name:

Newton's Third Law

Read from Lesson 4 of the Newten's Laws chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/newtlaws/u2l4a.html
http://www.physicsclassroom.com/Class/newtlaws/u214b.html

MOP Connection: Newton's Laws: sublevel 12

A force is a push or pull resulting from an interaction between two objects. I"om?n
Whenever there is a force, there are two objects involved - with both objects ey .
pushing (or pulling) on each other in opposite directions. While the direction pairs:

of the pushes (or pulls) are opposite, the strength or magnitudes are equal.
This is sometimes stated as Newton's Third Law of motion: for every action,
there is an equal and opposite reaction. A force is a push or a pull and it always

results from an interaction between two objects. These forces always come in
pairs.

1.  For each stated action force, identify the reaction force.

5 A
{
Bat hits ball. Man pushes car. Bus hits bug.
BaLe M1 Dag , CAR pusSHES  Ma Bve  mTE BUs

2. Identify by words the action-reaction force i)airs in each of the following diagrams.

Athlete

Medicine ‘
SRR
Floor
ATHLETE PuSHES  prec CootT  pUEnTS Rosk| fooT KLKS P

gaie V5 ATMUTE| ook pUshtes FooT | paL  KiOXP foeT
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Newton's Laws

3. TRUE or FALSE:

As you sit in your seat in the physics classroom, the Earth pulls down upon your
body with a gravitational force; the reaction force is the chair pushing upwards on
your body with an equal magnitude.

If False, correct the answer.
i | A o UL ERZTHA
FALSE ish - £ R poect {0~ f

4. Shirley Bored sits in her seat in the English classroom. The Earth
pulls down on Shirley's body with a gravitational force of 600 N.
Describe the reaction force of the force of gravity acting upon
Shirley.

r C(
SR puLLs W A fORC
0E 20N oo TME  EReT™

5. Use Newton's third law (law of action-reaction) and Newton's second law (law of acceleration: a =
Fnet/m) to complete the following statements by filling in the blanks.

a. Abulletisloaded in a rifle and the trigger is pulled. The force experienced by the bullet is
ElvAL To  (less than, equal to, greater than) the force experienced by the rifle. The resulting
acceleration of the bulletis _ErtATCR  (less than, equal to, greater than) the resulting
acceleration of the rifle.

b. Abug crashesinto a high speed bus. The force experienced by the bugis _ Q"L To (]ggg
than, equal to, greater than) the force experienced by the bus. The resulting acceleration of the
bugis_ GREWTER (less than, equal to,_greate_ithan) the resulting acceleration of the bus.

c. A massive linebacker collides with a smaller halfback at midfield. The force experienced by the
linebackeris _£ 8o T  (less than, equal to, greater than) the force experienced by the
halfback. The resulting acceleration of the linebacker is _LE$$ T (Jegs than, equal to,
greater than) the resulting acceleration of the halfback.

d. The 10-ball collides with the 14-ball on the billiards table (assume equal mass balls). The force
experienced by the 10-ball is_EG“*L T0 (less than, equal to, greater than) the force
experienced by the 14-ball. The resulting acceleration of the 10-ball is _ £ 8%t ™ (jegs than,
equal to, greater than) the resulting acceleration of the 14-ball.
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