A woman pulls on a 6.00-kg crate, which in turn 1s connected to a

Examp le: 4.00-kg crate by a light rope. The light rope remains taut.

6.00 kg

4.00 kg .

Compared to the 6.00-kg crate, the lighter 4.00-kg crate

A. 1s subjected to the same net force and has the same acceleration.
yis subjected to a smaller net force and has the same acceleration.

C. 1s subjected to the same net force and has a smaller acceleration.

D. is subjected to a smaller net force and has a smaller acceleration.
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More about Newton’s second law

You must be certain about which body we are applying it to

-

F,, .+ must be the vector sum of all the forces that act on that body
Only forces that act on that body are to be included in the vector sum

Acceleration along an axis is determined by the net force component

along the same axis. y
Fnet,x = Mmay Fnet,y = ma, "‘11
/F=20N
: e —r> X
F, .; = ma 1s the resultant net force, do not
. .. Yo | m=40k9
include 1t in the sum of forces.

ey VR & £
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Example: Newton’s second law

Three horizontal ropes pull on a stone (mass: 45.00 kg) on the ground, producing the

vector forces A, B and C. Find the magnitude and direction of acceleration of the stone.
. . R y

Fnet=zF=A+B+C=ma B (80.0N)

A (100.0 N)

A, =+A4c0s30.0°=+86.6N, 4, =+4 sin30.0° =+50.00 N.
B, =-Bsin30.0°=-40.00N, B, =+Bc0s30.0° =+69.28 N.

C, =—Cc0s53.0°=-24.07N, C, =—Csin53.0°=-31.90N. 53.0°
Frpetx = Ay + By+ C, = 22.53 N Fnet,y = Ay + By+ (;y = 87.34 N C (40.0N)
Fnet=\/Fr%et,x+Fr%et,y=9O'2N Fret = ma la| = |F|/m =2 (m/SZ)
Fretx = May 2253 N = (45 kg)a, a, = 0.5 m/s?
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Example: The graph to the right shows the velocity of v,
an object as a function of time. _/—

Which of the graphs below best shows the 0 t
net force versus time for this object?
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Mass and Weight

gravitational force that the earth exerts on it. mass /1 mass /1
* The weight w of an object of mass m 1s: )
T
Magnitude of ========-s.. P Mass of object
ight of an object " — 8w - -
weight of an object O Fe Magnitude of acceleration ,l i=g a=0
due to gravity Weioht Weioht
eig S eig S
W = mg SF=w W = mg SF=0

* On other planets, g will have an entirely
different value than on the earth. * The relationship of mass to weight: w = mg.

e This relationship is the same whether an
object is falling or stationary.
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An elevator 1s being lifted at a constant speed by a steel cable
attached to an electric motor. There 1s no air resistance, nor is there
any friction between the elevator and the walls of the elevator shalft.

Example:

The upward force exerted on the elevator by the cable 1s

Q1: First law or second law?  Constant speed first law.

Q2: Net force? First law valid when net force 1s zero.

A. greater than the downward force of gravity.

yequal to the force of gravity.

C. less than the force of gravity.

D. any of the above, depending on the speed of the elevator.
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Newton’s Third Law: Pair force

« If object 1 and object 2 interact, the force
exerted by object 1 on object 2 1s equal in
magnitude but opposite in direction to the force
exerted by object 2 on object 1.

If object A exerts force Fy ,, g On object B
(for example, a foot kicks a ball) ...

FA on B
 Two forces have the same magnitude but )
opposite directions: Fy o5 = —Fg on 4 /
- . ﬁB on A ‘
o F Aon B May be called the action force and .. then object B necessarily
FB on A the reaction force. exerts force Fg ,, 4 on object A

(ball kicks back on foot).

* The action and reaction forces act on two different objects.
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An apple sits at rest on a horizontal table top.

Example:
Basic

The gravitational force on the apple (its weight) 1s one half of
an action—reaction pair. Which force is the other half?

v

A. the force of the earth’s gravity on the apple

B. the upward force that the table top exerts on the apple

C. the downward force that the ball exerts on the table top

\D/the upward force that the apple exerts on earth L
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Applying Newton’s Third Law: Objects at rest

An apple rests on a table. Identify the action-reaction pairs.

F NonB = —F 5 on 4. on two different objects

—
fF table on apple F’
' table on apple
T T S [ ' ' '
e = o _ Fh =1 ] [_J
| F earth on apple | F oarth 6n apple - '
F
apple on table
|
|
_:. |
| Fapp]c on earth !J
Action-reaction pairS? FApple on Earth = —FEarth on Apple Frabie on Apple — _FApple onTable
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Third Law: Objects 1n motion

* A person pulls on a block across the floor. Identify the action-reaction pairs.

(a) The block, the rope, and the mason (b) The action—reaction pairs (¢) Not an action-reaction pair (d) Not necessarily equal
S /3-;;;.;: BE
e =
e — o — —
Fronm  Fmonr Fgongr ¢ *Frons " Frmonr

These forces cannot be - ;
[ h‘*’-“'_m““'“' RN b_‘" These forces are equal only if
SO AEHO0-Torcu0h Patt the rope is in equilibrium (or
R - because they act on the can be treated as massless).

= = same object (the rope).
FB on K FR on B J l

Physics at
“hysics

New Jersey’s Science & Technology University THE EDGE IN KNOWLEDGE



A paradox?

. These force: 10n— '
e If an Ob_] ect pU.HS , ese orce‘? are an 1act10n reacftlon
. pair. They have the same magnitude
back on you JUSt das but act on different objects.

hard as you pull on

: : Friction force 0 Friction force
1t, how can 1t ever of floor on = v £ X ‘\ of floor on
MonR fRonM
accelerate? block | [ Monk FRonM g5 Sl mason
2 » A

Block + rope Mason '
Friction force! The block begins sliding if The Mason remains at rest if
F\j on r OVercomes the Fy ., m18 balanced by the
friction force on the block. friction force on the mason.
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Example: A person pulls horizontally on block B,
plc causing both blocks to move horizontally as

a unit. There 1s friction between block B and

B p— P ]

the horizontal table. If the two blocks are
moving to the right at constant velocity,
which the following statement 1s correct?

A. the horizontal force that B exerts on 4 points to the left.
B. the horizontal force that B exerts on 4 points to the right.
C. answer depends on the strength of the pull.

VB exerts no horizontal force on 4.

Horizontal table
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Free-body diagrams

* The most important step in solving problems
involving Newton’s Laws 1s to draw the free
body diagram.

(1) Be sure to include only the forces acting on the
object of interest.

(2) Include any field forces acting on the object.

(3) Do not assume the normal force equals the
weight.
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Free-body diagram: Various Forces

(@) Normal force n: When an object rests or (c) Tension force T: A pulling force exerted on
pushes on a surface, the surface exerts a push on an object by a rope, cord, etc.
it that is directed perpendicular to the surface.

» Spring Force

F = -k
Restoring Forece
Position
(d) Weight w: The pull of gravity on an object - - - : x
(b) Friction force f: In addition to the normal s a long-range force (a force that acts over
force, a surface may exert a frictional force on a distance).

an object, directed parallel to the surface.
Gravitational Force
W

& 2012 Pearson Education, Inc.
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Normal Force

* Force from a solid )
surface which keeps
object from falling
through.

. p—_
Normal force £,

Fy —mg = ma,,

F
» Direction: always " /- Block . e 0
perpendicular  to x N T myonyndy =1Lan
the surface. E no other forces are present

* Magnitude: depend
on situation. If a, is not zero, F) does

() (f)
not equal to w = mg!

Aﬂ:y'skience & Technology University THE EDGE IN KNOWLEDGE



Which diagram can represent the normal force acting on

Examp le: the block on a ramp?
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Tension Force: T

- A taut rope exerts forces on whatever S T B

holds its ends. + ;% N = ¥
 Direction: always along the cord (rope, /\‘1 F ope rope

cable, string et al) and away from the
object.

* Sometimes simplitied as massless and
unstretchable cord: T; = T, |a4| = |a,]

» Magnitude: depend on situation
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An elevator 1s being lowered at a constant acceleration by a steel
cable attached to an electric motor. There 1s no air resistance, nor 1s
there any friction between the elevator and the walls of the elevator
shaft. The upward force exerted on the elevator by the cable 1s

Example:

Motor

A. greater than the downward force of gravity.

. 1
B. equal to the force of gravity. Cable lv

gless than the force of gravity. Elevator
\%

D. any of the above, depending on the speed of the elevator.

w =mg
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An elevator (1000 kg) is being lowered at an acceleration 1 m/s” by a
steel cable attached to an electric motor. There 1s no air resistance, nor
1s there any friction between the elevator and the walls of the elevator
shaft. What 1s the upward force exerted on the elevator by the cable?

Example:

Step 1: draw force diagram and write down equation of ﬁnet.

5 Motor
YF,=w+T =mg—-T =(1000 kg)(9.8 m/s”)-T
Step 2: Newton’s Second Law and ﬁnet. Cable l
.
> F, =ma,, = (1000 kg)(1 m/s*)
Step 3: Solve the problem. Elevator
> F, =(1000 kg)(1 m/s*) = (1000 kg)(9.8 m/s*) =T
w =mg
T'=8800 N +y
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. A woman pulls on a 6.00-kg crate, which 1n turn 1s connected to a
Example . 4.00-kg crate by a light rope. The light rope remains taut. If the two
crates are accelerating to the right with an acceleration a = 2 m/s?

What 1s the force /" and tension force 77 (No friction)

Step 1: draw force diagram and write down

equation of F,;, for each object. 6.00 kg
4.00 kg 7 =

2F, =T D Fp =F-T | e

Step 2: Apply Newton’s Second Law.
SF, =ma, =(4kg)2m/s*)=8N=T
> F, =may =(6kg)(2m/s*)=12 N

Step 3: Solve the problem. Y F ,=12N=F-T=F-8N F=12+8=20N

Physics at NJI
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F 1 . Boxes A and B are connected to each end of a light vertical rope. A
Xamp C. constant upward force F' = 80.0 N 1s applied to box A. Starting from

rest, box B descends 12.0 m in 4.0 s. The tension in the rope is 36.0 N.
What are the masses of box B and A?

Step 1: draw force diagram and write down equation of ﬁnet, for each object. 80 Nf F
2Fy,=T+mug—-F 2 Fp, =mgg—T

Step 2: Apply Newton’s Second Law.
>Fy,=T+myg-F=mya >y, =mpg—T =mga 36 N 7

_ 1 2 2y - 2(12.0
Q: Howto finda?  y—y, =t +5a,t a, = (yr2 Yo) _ ((4 -0 )1121)

~1.5m/s’ mB?

Step 3: Solve the problem
(36 N)+m g — (80 N) =m ,(1.5 m/s?) m,=53kg
myg — (36 N)=my(1.5 m/s?) m, =434 ke
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Example:

The night figure shows two masses: m; = 4.0 kg and m, = 6.0 kg which are
connected by a massless rope passing over a massless and frictionless pulley.
Mass m; moves on a frictionless incline with § = 30. Find the magnitude of the
acceleration of mass m,.

T —m,gsin(30°) = mya T = mya +mygcos(30°)

m,g—T = mya

m,g — mygsin(30°) —mya = mya

_ (my—m,sin(30°))g — 3.9 /<2
m1+m2

a
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