Chapter 5

Force and Motion 1

This will not work. Only force has the ability
to change motion.

MOVE!

|
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5-1 Newton's First and Second Laws
o A force:

- Isa “push or pull” or any action has the ability to change an
object's motion.

. Causes acceleration

Obhject

...isapushorpull. .. actsonan ... requires an
object. agent.

... Is a vector.
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e We will focus on Newton's three laws of motion:

- Newtonian mechanics is valid for everyday situations

- It is not valid for speeds which are an appreciable fraction
of the speed of light

- It is not valid for objects on the scale of atomic structure

- Viewed as an approximation of general relativity

» Forces can be used to increase the speed of an
object, decrease the speed of an object, or change the
direction in which an object is moving.

Large Large inertia  Change in

force motion
’ ’1 m/s?
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Vector Nature of Forces (Principle of superposition ):
Fpot = F +F, + F3 + ..

The net force acting on a body is the vector sum, or resultant, of all individual
force acting on that body

Fret = Fpetx !+ Fnet,y J

Fret = \/(Fnet,x)z + (Fnet,y)2

Only include forces that act on that body!
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A

"' Newton’s First Law: If no net force acts on a body (F;et = 0), the body’s velocity
cannot change; that is, the body cannot accelerate.

Zero acceleration -»— v is constant in magnitude and direction

y roF Nt
60 mph y' ""j)))
& é u /ﬂ

Inertial frames (Newtonian Mechanics):

x’\‘

A%

"' An 1nertial reference frame i1s one in which Newton’s laws hold.
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|Z[ Checkpoint 1

Which of the figure’s six arrangements correctly show the vector addition of forces F,
and F; to yield the third vector, which is meant to represent their net force F,.?

(a) Fy (b) Fy () Fy

(d) (¢) (f)

Answer: (¢c), (d), (e)
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Newton’s Second Law The net force F,., on a body with
mass m is related to the body’s acceleration @ by

F,

_ —_
et = M,

which may be written in the component versions (They are Independent)

Frewx = ma, | | Fper , = ma,

The second law indicates that in SI units

IN=1kg-m/s’

A%
"' Newton’s Second Law: The net force on a body is equal to the product of the
body’s mass and its acceleration.

A%
"' The acceleration component along a given axis is caused only by the sum of the force
components along that same axis, and not by force components along any other axis.
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o« What is mass?

- “the mass of a body is the characteristic that relates a force on the
body to the resulting acceleration”.

- Scalar quantity

- Mass is a measure of a body’s resistance to a change in
motion (change in velocity)

Example Apply an 8.0 N force to various bodies:

. Mass: 1kg — acceleration: 8 m/s?
Mass: 2kg — acceleration: 4 m/s?
Mass: 0.5kg — acceleration: 16 m/s?

. Acceleration: 2 m/s* — mass: 4 kg
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o If the net force on a body is zero:

. Its acceleration is zero
- Theforces and the body are in equilibrium

- But there may still be forces!

o Units of force:

Tahle 5-1 Units in Newton’s Second Law (Egs. 5-1 and 5-2)

System Force Mass Acceleration
ST newton (N) kilogram (kg) m/s>
CGS* dyne gram (g) cm/s?
British? pound (Ib) slug ft/s?

“1 dyne = 1 g-cm/s?.
>11b = 1 slug - ft/s?.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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M Checkpoint 2 3N 5N

< D>

The figure here shows two horizontal forces acting
on a block on a frictionless floor. If a third horizon-
tal force F; also acts on the block, what are the magnitude and direction of I_T; when
the block is (a) stationary and (b) moving to the left with a constant speed of 5 m/s?

Answer:

ﬁ
Foet =

F.=2 N to the left in both cases
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Moving Moving!

5-2 Some Particular Forces: up ruarm
. A
$ $
1. Gravitational force: A pull that acts on a body;, !% !%
directed toward a second body, normally the 8 R
Eart. ﬁg =m g (down toward the ground) D F

This force still acts on a body at rest!

2. Weight: The magnitude of the upward force
needed to balance the gravitational force on the
body W =mg

Weight must be measured when the body is not
accelerating vertically. For example, in your
bathroom, or on a train, but not in an elevator

@m}i
e=> '
constant velocity
P | -
<=
constant velocity

3
o

=
i
=
o]
o 3
3
(T ]

m
===
deceleration
. | -
L <g=
deceleration

3
3

R:mg.ma R=mg+ma

[ 4 -~ o
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3. Normal force Fy: perpendicular force on a body from a surface against
which the body presses.

The Normal Force

A[FFM&J
&)

W ‘Vﬁzmzwsﬁrl
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4. Friction force: The force on a body when the body slides or attempts to slide

along a surface. The force is always parallel to the surface and directed so as to
oppose the sliding.

Direction of
» attempted

slide

>

J

5. Tension: pull on a body directed away from the body along a massless cord.

The forces at the two ends of T
the cord are equal in magnitude.
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Notes:
A system consists of one or more bodies

« Any force on the bodies inside a system exerted by
bodies outside the system is an external force

« Net force on a system = sum of external forces

. Free-body diagram represents the forces on one object

Forces between bodies in a system: internal forces

- Not included in a FBD of the system since internal forces
cannot accelerate the system
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IZ Checkpoint 4

The suspended body in Fig. 5-9¢ weighs 75 N.Is T equal to, greater than, or less than
75 N when the body is moving upward (a) at constant speed, (b) at increasing speed,

and (c) at decreasing speed?

Answer: (a) equal to 75N (b) greater than 75N (c) less than 75 N

lm g lmg

—

Constant speed — zero acceleration F . =ma
ne

Fnet=0—>—>T=mg —
STUDENTS-HUB.com T g T ma

mg

—

Fnet = ma

T'=mg—ma 2
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Newton’s third law:

When two bodies interact, the forces on the bodies from each other are
always equal in magnitude and opposite in direction.

Book Bf Crate C
EK

-5
« We call these two forces a Third-law force pair \/ F
( Action and Reaction pair) (>

FBC — _FCB

Fa

m

« Any time any two objects interact, there is a
third-law force pair
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*3 If the 1 kg standard body has an acceleration of 2.00 m/s* at
20.0° to the positive direction of an x axis, what are (a) the x com-
ponent and (b) the y component of the net force acting on the
body, and (¢) what is the net force in unit-vector notation?

o) ' —$ "

o)t G |
= (2 Cos 20‘)_1,\_:. T + (2 sn 20’:)%3\

S _ )_gg’ﬂ,g;_’b + 6682z H

= ™ (()\x'{\ o ajj\)
= 1y (18t + 0:6827)

B o= (18 N)T (08 N)

STUDENTS-HUB.com Uploaded By: Ahmad K Hamdan



9 A 0340 kg particle moves in an xy plane according
to x(¢) = —15.00 + 2.00¢ — 4.00£ and y(¢) = 25.00 + 7.00r — 9.00¢°,
with x and v in meters and 1 in seconds. At ¢t = 0.700 s, what are

(a) the magnitude and (b) the angle (relative to the positive direc-
tion of the x axis) of the net force on the particle, and (c) what is
the angle of the particle’s direction of travel?

- 2. 4 R s = [f Sl B = w =
- A ‘0 = b y 4+ L - 4 +
VAR L X o X - ’ 1
= ‘ﬁ 2.t
— -—
— 5,

A
SO = 264 FE -9L%
h = d>Y 5.
Yor= U—l Ig

e
B, (5. H N + (~¢12M3)
F;q. = JZ“YS-“-H)Z-; (-G.ll) - 237N .
N <v ) 7 <§l')‘> i
/7{ zz°‘7 1

Tj) 75 AN 3 ‘#\Aﬁlé(m"

F2u)t 5 (1)
a: (_' = 0_7 S) ~— (‘?q(0‘¥))’t 'f" (-'g})
aCh=07s) = C—’&g}s{* @+(~lg%, '
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~ -{':i 3 - / oA I '
Parl | Q &%M 0} "’m\le' Ts—}h @b' echon, of -
h faﬁq ehich is He direchian #ﬂ,& 5

ey
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«54 @ Figure 5-49 shows four penguins that are being playfully
pulled along very slippery (frictionless) ice by a curator. The masses

of three penguins and the tension in two of the cords are m; = 12 kg, | Zvn | A
my = 15kg, my=20kg, 75 = 111 N, and T, = 222 N. Find the pen-
guin mass m, that is not given.
_E —_||_ — M QA

3'——11 —ms O

__G_—m,_IGL

Y [T
VI W_

D VA

All penguins accelerate
with the samerate and
direction.
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«56 @ In Fig. 5-51a, a constant horizontal force F, is applied to
block A. which pushes against block B with a 20.0 N force directed
horizontally to the right. In Fig. 5-51b, the same force F, is applied
to block B; now block A pushes on block B with a 10.0 N force
directed horizontally to the left. The blocks have a combined mass
of 12.0 kg. What are the magnitudes of (a) their acceleration in
Fig. 5-51a and (b) force F,?

A B

, 2F = 3oN +(mat gl
BOE, - 20N +Fa
=1 Fo = G"\A—t— m@ (6

2 e 1 o = Fa 30 =2.5 m/2
{:?r» k A? F'-o. Fp,g = mA b5 T YE;-\-MB )2 /
Bk B Fan -msa Fo = Fen =m0 “

»-'Ar'r
L
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Sample Problem A block of mass M = 3.3 kg, connected by a cord and pulley to a
hanging block of mass m =2.1 kg, slides across a frictionless surface

Sliding
block §

M =

&

Frictionless
surface

o Draw the forces involved

Hanging
block H

—>

1 "\

M

, ? Block $

R

T

s
e

M | Block H

« Treat the string as unstretchable, the pulley as massless and frictionless, and

each block as a particle
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« Draw a free-body diagram for

each mass
A )
« Apply Newton's 2nd law -
- B s A
(F=ma) to each block E T
My T . _ m _
o For the sliding block: \’ : \ o
A S Cll [T
e block § '
T = Ma. i
\
 For the hanging block:
I — mg = —ma.
« Subtract two equations:
m T = Mm
T Mrm? M+m®
a = 3.8 m/s* T=13N
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*13 Figure 5-33 shows an arrangement in
which four disks are suspended by cords. The
longer, top cord loops over a frictionless pul-
ley and pulls with a force of magnitude 98 N
on the wall to which it is attached. The tensions
in the three shorter cords are 7T; = 58.8 N,
15 =490N, and 715 =98 N. What are the
masses of (a) disk A, (b) disk B, (c) disk C,
and (d) disk D?

Susaowwk@ s> [E::e.}-— — Zer0
v Disle D¢ /I\TS =9.&N

i g gN=r"J)

mpg /rr;,) = i’i)(

DO T T =Yy |

L) AsN - = Mg
STUDENTS-HUB.como ¢ — 5%.8 = ™y C)

vy = A

M3

M=m,+ ma,a-l-mc-l-'m 0
M=|0Kd
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p-57) A block of mass m; = 3.70 Kg on a frictionless
plane inclined at angle & = 30.0 is connected by a cord
over a massless, frictionless pulley to a second block of
mass m; = 2.3 Kg. What are (a) the magnitude of the
acceleration of each block, (b) the direction of the

acceleration of the hanging block. and (c¢) the tension in
the cord?

|

Y CETTTTTTTTTITE

Direction of motion:

1My moves UPWARD on the inclined plane and 1115 moves downward
(m,g sin@ = 18.13 N) < (m.g = 22.54 N)

STUDENTS-HUB.com Uploaded By: Ahmad K Hamdan



Newton’s 224 law of mass 1:
Fopety="1—1119 sinfl =mya A
J Fy
Frety = Fy —mygcosf = zero , (No motion in y-direction) L.

m;g sinf

Newton’s 224 law of mass 2:
Yy mM,gcos a
Fnet,y =mag =mza :
€-——mm e e e e mm— e mm———m - - - > Free Body diagram for m,

—mqg SINB =My A.ucuueuenvnvvnennn e (1)

Fny=m{gcoS0..ccccuiiiiiniiiinricninsnnsna (2)

Mo — T = M @ oeeeeeecriei e s e (3)

Equation(1)+ Equation(3):

M- —mqyg sinf = (my + mo)a im, g

Free Body diagram for m;

—myg sin@ +m-g (2.3%9.8) —(3.70 X 9.8 X sin 30.0")

=0.74m/s?
my +m, 3.7+23 /

(b) The acceleration of block 1 is indeed up the incline and that the acceleration of block 2 is
vertically down.

(¢) From equation (2):

STUDENTS HUEMe M = M2(g —a) = 2.3(9.8 — 0.74) = 20.84 N Uploaded By: Ahmad K Hamdan



71 ssm Figure 5-60 shows a box of dirty money (mass m; = 3.0 kg)
on a frictionless plane inclined at angle 6; = 30°. The box is con-
nected via a cord of negligible mass to a box of laundered money
(mass m, = 2.0 kg) on a frictionless plane inclined at angle 6, = 60°.
The pulley is frictionless and has negligible mass. What is the ten-
sion in the cord?

m) Mo

6, 6,

Figure 5-60 Problem 71.

EXPRESS The +x axis is “uphill” for m; = 3.0 kg and “downhill” for m; = 2.0 kg (so
they both accelerate with the same sign). The x components of the two masses along the x
axis are given by nygsin@and m,gsin6, . respectively. The free-body diagram is shown
below. Applying Newton’s second law. we obtain

T-mgsint, = ma
mygsin 6, -T = mya

Adding the two equations allows us to solve for the acceleration:

‘ a:[mzsinﬂz—msinﬂllg‘
"y

ANALYZE With ¢ =30°and &, =60°, we have a = 0.45 m/s®. This value is plugged
back into either of the two equations to yield the tension

7 =18 (4ing +sinf)=16.1N
m, ‘|"??E1
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