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* Aforceisa“ vor “pull” acting on a object and causes 2
[ [ [ m u_
Mechanics of Particle Motion ol T WRW Fea

1. Newtonian Mechanics: Study of relation between forc€and
acceleration of a body.
* Sir Isaac Newton (1642-1727)
. relating force and motion.
* Valid for a wide range and

\Z 72w e

of
alid for our daily life.

* Newtonian Mechanics does not hold good for all situations!
2. Special Theory of Relativity

+ Albert Einstein (1879-1955)

* Holds for all speed including close to speed of light.
* Replaces Newtonian Mechanics for

3. Quantum Mechanics
* Replaces Newtonian Mechanics for interacting bodies on the
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5-3 Newton’s First Law
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* Before Newtonian mechanics; Some influence (force) was thought necessary
to keep a body moving. The “natural state” of objects was at rest,

* A body at rest tends to remaain at rest & a body in motion at a constant
velocity will tend to mgsmtgin the velocity.

WITH NO O SIDE FORCES

s OB ERT Wil Newton's First Law of Motion
NMEVER MIZWVE a
I
An object at rest Unless acted on by IR :
WITH NO OUTSIDE FORCES will remain at rest... an unbalanced force. ‘AN oPJect in motion
will continue with
THIS OBJECT WILL constant speed and
NMEVER STOP direction, ...

... Unless acted on by
an unbalanced force.

*.
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* A force 1s measured by the acceleration it produces. E LA

— Forces have both magnitudes and directions. ., m
* Principle of superposition of forces: <5
- A has the same impact f with 1dentical
magnitude and direction. oo Tad/) &
J° . :Sum of forces acting on a body (net force, resultant force)
net
Foma = ks- e 1.
1 Newton = 1 kg.m/s* (S]) ~ 2 SO
- _ * d vl E—-.L 'F:| ; y =
O & S g
D &, O frat="0 -

AN
." Newton’s First Law: If no net force acts on a body (F;lct = 0), the body’s velocity
cannot change; that 1s, the body cannot accelerate.

'- ma one in which Newton's laws hold.

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 5
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* What 1s mass?
* Mass 1s the property of an object that measures how hard it is to
change its motion. Body’s resistance to a change in velocity.
— Itisan of a body. It 1s not the same as
weight, density, size etc.
— The mass of a body 1s the characteristic that relates a force on the
body to the resulting acceleration (F~a — F=ma).

* The ratio of the masses of two bodies 1s equal to My ao
the inverse of the ratio of their accelerations when = —

the same force 1s applied to both. my ax
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

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 6
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AN
“' Newton’s Second Law: The net force on a body 1s equal to the product of the _ e
body’s mass and its acceleration. f'n.r.'l. = M

* Identify the body in question, and only include forces that act on that
body! Separate the problem axes (they are independent):

Fos = My, Fpoy=ma,, and Fuy, = ma,.
AN '

." The acceleration componeil along a given axis is cause y the sum of the force

components along that and not by force components along any other axis.

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

+ . > System Force Mass Acceleration
g

THE MORE FORCE SI newton (N) kilogram (kg) m/s-
THE MORE ACCELERATION CGY dyne gram (g) em/s’
British? pound (Ib) slug ft/s?
— ) —>
. 7] dyne = 1 g-cm/s?.

51 Ib = 1 slug- ft/s”.

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 7
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* If the on a body is - _
7 The horizontal force
. . [ s——> , causes a horizontal
Its acceleration 1s zero acceleration.
(@)
1 ' [7 ; ik T This is a free-body
The forces and the body are in equilibrium pruk B hess
* But there may still be forces! )
B
*Ina , the only body shown _ L -
. . ) B F ese forces compete.
is the one for which we are summing forces. ==F==>+ Their net force causes
a horizontal acceleration.
— Each force on the body is drawn as a .
‘1 - Fy i Thisis a free-bod
vector arrow with its tail on the body. | e
— A coordinate system is usually included. i
C

— Acceleration is NEVER part of a free -
body diagram - on a body are = 5%

©
FB8 0

present. ﬂ{
F
( . 'FW (3 g
F Iy
zﬂﬂ%ﬁﬂq %

Only the horizontal
component of Fa
competes with Fs.

This is a free-body
diagram.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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5-6 Newton’s Second Law

Example:

Parts A, B, and C of Fig. 5-3 show three situations in which
one or two forces act on a puck that moves over frictionless
ice along an x axis, in one-dimensional motion. The puck’s
mass is m = 0.20 kg. Forces Fl and Fg are directed along the
axis and have magnitudes F; = 4.0 N and F; = 2.0 N. Force
F is directed at angle # = 30” and has magnitude F5 = 1.0
N. In each situation, what is the acceleration of the puck?

The horizontal force

A va puck }-;_x causes a horizontal f’i: M 6{%
acceleration.
o =  These forces compete. —AL A
a horizontal acceleration. +fl
i Only the horizontal
2
C p——=* component of F
F competes with F.

Fig. 5-3 In three situations, forces act on a
puck that moves along an x axis.

March 14. 2022
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Situation A: For Fig. 5-3b, where only one horizontal force
acts, Eq.5-4 gives us

Fl = My,
which, with given data, yields

. - _ 40N
*“m 020kg

=20m/s>.  (Answer)
The positive answer indicates that the acceleration is in the
positive direction of the x axis.

Situation B: In Fig. 5-3d. two horizontal forces act on the
puck, Fl in the positive direction of x and F2 in the negative
direction. Now Eq. 5-4 gives us

Fl — FZ = md,.
which, with given data, yields
_FK-F, 40N-20N .
a, = - = 020 ke = 10 m/s*.
(Answer)

Thus, the net force accelerates the puck in the positive direc-
tion of the x axis.

Situation C: In Fig. 5-3f, force F; is not directed along the
direction of the puck’s acceleration; only x component F3
is. (Force F3 is two-dimensional but the motion is only one-

dimensional.) Thus, we write Eq. 5-4 as
F;y — F, = ma,. (5-3)

From the figure, we see that F5, = F; cos 6. Solving for the
acceleration and substituting for F5, yield

. F3,r_ Fg_ . FSCOSG_Fz

@ = m - m
_ (10N)(cos30°) —20N ,
= 020 ke — s

(Answer)

PHY 101 Phvsics T © Dr.Cem Uzaovarl



5-6 Newton’s Second Law
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Example:

In the overhead view of Fig. 5-4a,a 2.0 kg cookie tin is accel-
erated at 3.0 m/s? in the direction shown by @, over a fric-
tionless horizontal surface. The acceleration is caused by
three horizontal forces, only two of which are shown: F, of
magnitude 10 N and F, of magnitude 20 N. What is the third
force F3 In unit-vector notation and in magmtude-angle

notation? S E }Fd-'- g‘ i f +f: —=na.

Thesearetwo /% This is the resulting

of the three horizontal acceleration
horizontal force vector.
vectors.

We draw the product
of mass and acceleration
as a vector.

(B
Then we can add the three
vectors to find the missing

third force vector.

March 14. 2022
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KEY IDEA

The net force F‘:m on the tin is the sum of the three forces
aﬁd is related to the acceleration @ via Newton's second law
(Fyee = ma ). Thus,

F.] 'f'ﬁz'f'ﬁg:nl‘?f.

which gives us

Calculations: -

Fy=md —
x components: Along the x axis we have
— Fio— Py
= m(a cos 50°) — F; cos(—=150°) — F, cos 90°.
Then, substituting known data, we find
F5, = (2.0 kg)(3.0 m/s?) cos 50° — (10 N) cos(—150°)
— (20 N) cos 90°

F5, = ma,

=125N
y components: Similarly, along the y axis we find
Fg_y = ma), = F]_}. = F2.y

= m(asin 50°) — F;sin(—=150°) — F, sin 90°
= (2.0 kg)(3.0 m/s?) sin 50° — (10 N) sin(—150°)
— (20 N) sin 90°

= —104 N.

Vector: In unit-vector notation, we can write
e i BN (125 N)i — (104 N)j
=~ (13N)i — (10N);. (Answer)

We can now use a vector-capable calculator to get the mag-

nitude and the angle of F5. We can also use Eq. 3-6 to obtain
the magnitude and the angle (from the positive direction of

the x axis) as
E=VFj, +F},=16N

F.
2 — _40°.
F3..t

and 6 = tan™! (Answer)
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1) The Gravitational Force:
A gravitational force on a body 1s a certain type of pull that 1s directed
toward a second body.

-F,=m(-g) or F, = mg.

>

2) Weight: Fo=—F,)=—mgj= mg,
The weight, W, of a body 1s equal to the magnitude F, of the gravitational
force on the body.  Freyy = M,

W — F, = m{0) - T
Srake marked
o e
W= !I, ( weight, with ground as inertial frame). e ;I i e
| |
— ; 'I g |
W =mg (weight), LD |
CAUTION: A body’s weight is not its mass! |
AN fapi
“' The weight W of a body is equal to the magnitude F, of the gravitational force

on the body.

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 11



3) Normal Force: (Normal means perpendicular) ﬁ; ~ Nl yeekor

When a body presses against a surface, the )

surface (even a seemingly rigid one) The normalforce o force 7,
. H ﬂ
deforms and pushes on the body with a is the force on |
the block from the

normal force, Fy, that is perpendicular to supporting table. 2

the surface. e
¥ x
In the figure: Newton’s second law says ;
for a positive-upward y axis: Reamviioaly | AN
B N ! force on the block '. | balance.
(F net,y may)’ as. is due to Earth's \
downward pull. (a) (b)
Fy - F, = ma,
Fig. 5-7 (a) A block resting on a table experiences
a normal force perpendicular to the tabletop. (b)
_ The free-body diagram for the block.
Fy — mg = ma,. l
Endy = v Fm ity
_ _ o
Fy=mg+ma,=m(g + a,) NTa

For any vertical acceleration a  of the table and block.

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 12
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4) Friction:

* If we either or a body over a -
surface, the motion is resisted by a bonding between the |, ﬂ{:;ﬁ;’tﬁg}f
body and the surface. " slide

* The force f is either called frictional force or simply /
friction. Directed along the surface, opposite to the Fig. 5-8 A frictionalforce [ opposes the
direction of intended motion. attempted slide of a body over a surface.

* Sometimes, to simplify a stiuation, friction 1s assumed to be negligible.
(So the surface 1s frictionless.)
5) Tension

* When a cord 1s attached to a 7.7
body and pulled taut, the
cord pulls on the body with a e forees at the fwe ends of
force T directed away fI”O m the cord are equal in magnitude.
the body and along the cord. )

(a) (b)

Fig. 5-9 (a) The cord, pulled taut, is under tension. If its mass is negligible,
the cord pulls on the body and the hand with force T, even if the cord runs
around a massless, frictionless pulley as in (b) and (c).

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 13



5-8 Newton’s Third Law: Symmetry in Forces
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* When two bodies interact, the forces on the bodies from each other are

always equal in magnitude and opposite in direction an
For the book and crate, we can write this law as the scalar relation foak 8 Niae . same
direction!?
Fpe = Fep

I itud
(equal magnitudes) (@)

or as the vector relation —
wain - |F, |=[F S
F, BC = 6"(.‘;; (equal magnitudes and opposite directions), 5“_“ n_bm
i C
. : : " The force on B
* The forces between two interacting bodies are P
called a third-law force pair. magnitude as the
force on C due to B.
@ "“% Fig.6-10 (a) Book B leans against crate

C.(b) Forces Fg- (the force on the book
from the crate) and Fig (the force on the
crate from the book) have the same magni-
tude and are opposite in direction.

\a

F Paddle on water Water on

F,

w1y

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 14
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1) Suppose you are an astronaut in outer space giving a brief push to a
spacecraft whose mass 1s bigger than your own. Compare the magnitude of the
force you exert on the spacecraft, F, to the magnitude of the force exerted by

the spacecraft on you, F,, while you are pushing:

1.F, =F,
2.F, >F, correct Third
3.F, < F, Law!

2) Compare the magnitudes of the acceleration you experience, a,, to the magnitude of

the acceleration of the spacecraft, a;, while you are pushing:

l.a, =ag
<+———correct
2.a,>a
A a=F/m
3.a,<a :
A TS (F same = lower mass gives larger a)

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 15
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5-9 Applying Newton’s Laws i

M=33k Fimd
m=21 Y {)acebetrin of bfock,s
Dowehavea ) # H 4 ‘_#

MOTION? - 22) the ovisiin s the corel
Hﬂ}?@ First step — FBDs: draw for all masses & directions
g""“"f‘?# Second step — decide coordinate systems

i . - Simomeans
couatsd

ate. Cumn:?:?h"
U9 0 Ry-Myg=0 GT-mg=-" i the masser

@3 Ma—mcf=eiﬂa- SE;% e z.f%_ s

. L >
2 aeds SR o R )
iy e S 21203 > BN
" F, T—tma_ —> Doniad protin v

Same with previous one as multiplied by minus sign
March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 16
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Example : Cord accelerates block up a ramp

In Fig. 5-154, a cord pulls on a box of sea biscuits up along a
frictionless plane inclined at # = 30°. The box has mass m =
5.00 kg, and the force from the cord has magnitude T = 25.0
M. What is the box’s acceleration component a along the in-
clined plana?

Using Newton’s Second
Law, we have :

I — mgsin 8 = ma.

i | which gives: |
L E"*-.ﬁm.gr-rcwﬂ g a = 0.100 m/s?,
2" F, \d
] The positive result indicates
M mgsin @

that the box accelerates
up the pane.

S twe [ —M3 500 = man
5@ = Ff‘f —M&{fﬁ Q:: m‘f?éj’:f}

i)

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan
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The box accelerates.

Cord

Cord's pull

Gravitational
force
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5-9 Applying Newton’s Laws i

Example : Reading a force graph

Figure 5-16a shows the general arrangement in which two
forces are applied to a 4.00 kg block on a frictionless floor,

but only force F) is indicated. That force has a fixed magni-
tude but can be applied at an adjustable angle 8 to the posi-

tive direction of the x axis. Force .EE Is horizontal and fixed in
both magnitude and angle. Figure 5-16& gives the horizontal

acceleration a, of the block for any given value of & from 07
to 907, What is the value of a_ for ¢ = 18077

When F; is horizontal, Answer: a.=-2 m/s?
the acceloration is X

3.0 m/s2.

0 | |
0" / o
i —
18] When F, is vertical,
tha acceleration is

0.50 mfs?,

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 18



5-9 Applying Newton’s Laws
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Example: Forces within an elevator cab

In Fig. 5-17a, a passenger of mass m = 72.2 kg stands on
a platform scale in an elevator cab. We are concerned with
the scale readings when the cab is stationary and when it is
moving up or down.

y
S é
W
Passenger
These forces
. compete.
v FE ~
g  Their net force
causes a vertical
(a) (b) acceleration.

Fig. 5-17 (a) A passenger stands on a platform scale that in-
dicates either his weight or his apparent weight. (b) The free-
body diagram for the passenger, showing the normal force Fy
on him from the scale and the gravitational force f_'";.

(a) Find a general solution for the scale reading, whatever
the vertical motion of the cab.

* The reading is equal to the magnitude of
the normal force on the passenger from the
scale.

* We can use Newton’s Second Law only in

an 1nertial frame. If the cab accelerates,
then it 1s not an inertial frame. So we
choose the ground to be our inertial frame
and make any measure of the passenger’s
acceleration relative to it.
Calculations: Because the two forces on the passenger
and his acceleration are all directed vertically, along the y

axis in Fig. 5-17b, we can use Newton’s second law written
for y components (F, , = ma,) to get

Fy — F,=ma

B =t ma

This tells us that the scale reading, which is equal to Fy,
depends on the vertical acceleration. Substituting mg for F,
gives us

Fy=m(g+a) (Answer) (5-28)

for any choice of acceleration a.

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 19
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5-9 Applying Newton’s Laws i

Example (Continued): Forces within an elevator cab

In Fig. 5-17a, a passenger of mass m = 72.2 kg stands on
a platform scale in an elevator cab. We are concerned with
the scale readings when the cab is stationary and when it is

(c) What does the scale read if the cab accelerates upward
at 3.20 m/s?> and downward at 3.20 m/s??

moving up or down. Calculations: For a = 3.20 m/s*. Eq. 5-28 gives
¥ Fy = (72.2 kg)(9.8 m/s? + 3.20 m/s?)
-’."‘;? e = 939 N, (Answer)
| and for a = —3.20 m/s2, it gives
Fy = (72.2 kg)(9.8 m/s? — 3.20 m/s?)
d = 477 N. (Answer)
D I
\-Passenger (d) During the upward acceleration in part (c), what is the
magnitude F,, of the net force on the passenger, and what is
These forces & P &
. compete. the magnitude a;,, of his acceleration as measured in the
S Their net force frame of the cab? Does Fnel - map bl
causes a vertical

Calculation: The magnitude F, of the gravitational force
on the passenger does not depend on the motion of the pas-
senger or the cab; so, from part (b), F, is 708 N. From part (c),
the magnitude Fy of the normal force on the passenger during

the upward acceleration is the 939 N reading on the scale. Thus,
For any constant velocity (zero or otherwise). the accelera- the net force on the passenger is

tion a of the passenger is zero.

(a) (b) acceleration.

(b) What does the scale read if the cab is stationary or
moving upward at a constant 0.50 m/s?

Fot=Fy— F,=939N—-708 N=231N, (Answer)

Calculation: Substituting this and other known values into
Eq.5-28. we find

Fy = (72.2 kg)(9.8 m/s?> + 0) = 708 N.
(Answer)

This is the weight of the passenger and is equal to the mag-
nitude F, of the gravitational force on him.

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 20

Ay cqp Telative to the frame of the cab is zero. Thus, in the non-
inertial frame of the accelerating cab, F, is not equal to
may, ., and Newton'’s second law does not hold.
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5-9 Applying Newton’s Laws i

Example: Acceleration of block pushing on block

In Fig. 5-18a, a constant horizontal force F“ of magnitude
20 N is applied to block A of mass m, = 4.0 kg, which

pushes against block B of mass mg = 6.0 kg. The blocks
slide over a frictionless surface, along an x axis

{a) What is the acceleration of the blocks?

(b) What 15 the (horizontal) force Fy4 on block B from
block A (Fig. 3-18c)7?

_ This force causes tha
Fogp accealeration of the full

Answer: ax:2 m/sz, " two-block system.

= - Thesa ara the two forcas
Fapp Far acting on just block A.

FB A: 1 2 N i) EESE;FEUEGE

This is the only force
causing the accelaration
of block 8.

E‘Hl

L]

Fig. 5-18 (a) A constant horizontal force FJP:F i= applicd to block

A, which pushes against block B. (b)) Two hornzontal forces act on
block A. (c} Only one hornzontal foree acts on block B.

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 21
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(OpenStax 4.6) Calculate the tension in the wire supportmg the 70.0-kg

tightrope walker shown 1n Figure. gﬁy
= w mg % ?
2sin (5.0°) _ 2sin (5.0°) ‘ !
YL w
7 _ (70.0 kg)(9.80 m/s?) )
B 2(0.0872)
2 EheTel %
T = 3900 N. T S Ey 2T e ppa =y 3.
ETL T I Te Mc; I
= . 3 w
) M,__j

‘ e
*‘,L—ITI:I‘
L ey ‘";*}

T SmS?®

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 22
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(Serway 5.4) A traffic light weighing 122 N hangs from a cable tied to two
other cables fastened to a support as in Figure. The upper cables make angles of
37.0° and 53.0° with the horizontal. These upper cables are not as strong as the
vertical cable and will break if the tension in them exceeds 100 N. Does the
traffic light remain hanging 1n this situation, or will one of the cables break?

(1) 3 F,=—T cos37.0° + Tcos53.0° = 0 =ma_
(20 X F

$ 37.0° x
3) T,= :r,(—':'“‘i d ) = 1.337, Qe F,
cos H5.0°

Ty sin 37.0° + To5in b3.0° + (—122N) = 0=mg
:

T; sin 37.0° + (1.8337;)(sin 53.0°) — 122N = 0
T; = 734N
T; = 1.387; = 974N

Both values are less than 100 N (just barely for T;), so the cables will not break.

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan
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(Serway 5.9) When two objects of unequal mass are hung vertically over a
frictionless pulley of negligible mass as in Figure, the arrangement is called an
Atwood machine. The device is sometimes used in the laboratory to calculate
the value of g. Determine the magnitude of the acceleration of the two objects

and the tension 1n the lightweight cord.
ignore the weight of the cord

(1) EFJ" = Mg = Ma, System

acceleration

(2} E"F_';I = jnig = T = Iﬂﬂﬂj‘ aymlzaynﬁ:a

eliminate T

—mg + mgg = mya, + mga,

check if

o Ma — My m,>m,
B e (mﬁrmg)g or

m2<m]

2mym,
(4) T= m1(g+ Ej‘} = (m)g —1*(T-m2g)=-m2ay
Same!

March 14. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 24
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5 Solved Problems i

1. In Figure, let the mass of the block be 8.5 kg and the
angle be 30°. Find (a) the tension in the cord and (b)
the normal force acting on the block. (c) If the cord is

cut, find the magnitude of the resulting acceleration of

the block. ;
I3
) e J'T‘LQ %) Tud a“gM'ﬂ_ w0 Rer
» . X o ()
s A, AWy
?‘/;" o x

cpaiiinesn
_/ @ ﬁmoqﬁn&znz’(xgo Ev‘wof(,,;g__,d,?,g@
: o @-%ﬂ( ?,-a',%).s“md; UESA ~p 421/

Sid] 2.
YIHNYC Y) T D @ 1 mglan0a (58 0y, JGos 30
= '-?.2-/4 N A FLN

V’M - ‘ a not zero any more
T S may + e an BN
= ~Cnfe) L~ -y,

9, R el <5 chpmuord. 400 chok 5t
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5 Solved Problems d i

2. A car traveling at 53 km/h hits a bridge abutment. A passenger in the car moves

forward a distance of 65 cm (with respect to the road) while being brought to rest
by an inflated air bag. What magnitude of force (assumed constant) acts on the
passenger's upper torso, which has a mass of 41 kg?  constant acceleration
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3.A car that weighs 1.30x10*N 1is initially moving at 40 km/h when the brakes are
applied and the car is brought to a stop in 15 m. Assuming the force that stops the car
1s constant, find (a) the magnitude of that force and (b) the time required for the
change in speed. If the initial speed is doubled, and the car experiences the same
force during the braking, by what factors are (c) the stopping distance and (d) the
stopping time multiplied?
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3. (Continued) A car that weighs 1.30x10*N 1is initially moving at 40 km/h when the
brakes are applied and the car 1s brought to a stop in 15 m. Assuming the force that
stops the car 1s constant, find (a) the magnitude of that force and (b) the time required
for the change in speed. If the initial speed is doubled, and the car experiences the
same force during the braking, by what factors are (c¢) the stopping distance and (d)

the stopping time multiplied?.
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5 Solved Problems i

4. An elevator cab and its load have a combined mass of 1600 kg. Find the tension in
the supporting cable when the cab, originally moving downward at 12 m/s, 1s
brought to rest with constant acceleration in a distance of 42 m. Vo
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5 Solved Problems d i

5. Figure shows a box (mass m,=3.0 kg) on a
frictionless plane inclined at angle 6, =30° . The

box 1s connected via a cord of negligible mass to
a box (mass m,=2.0 kg) on a frictionless plane

inclined at angle 0, =60°. The pulley is

frictionless and has negligible mass. What 1s the
tension in the cord?
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Solved Problem 5
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5 Solved Problems d i

5. (Continued) Figure shows a box (mass m,=3.0

kg) on a frictionless plane inclined at angle 0,

=30° . The box 1s connected via a cord of
negligible mass to a box (mass m,=2.0 kg) on a

frictionless plane inclined at angle 0, =60°. The

pulley is frictionless and has negligible mass.
What is the tension in the cord?
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Newtonian Mechanics Force
° Forces are pushes or pulls ° Vector quantities
° Forces cause acceleration ° 1 N=1kg m/s?

o Net force is the sum of all
forces on a body

Newton's First Law Inertial Reference Frames
o If there is no net force on a o Frames in which Newtonian
body, the body remains at mechanics holds

rest if it is initially at rest, or
moves in a straight line at
constant speed if it is in
motion.
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Mass

* The characteristic that
relates the body's
acceleration to the net force

° Scalar quantity

Some Particular Forces

° Weight:
W = mg

Eq. (5-12)

o Normal force from a surface
° Friction along a surface

* Tension in a cord

March 14. 2022

Newton's Second Law

—

/i

Free-body diagram
represents the forces on one
object

e
= ma Eq. (5-1)

net

Newton's Third Law

Law of force-pairs

If there is a force by B on C,
then there is a force by C
on B:

FBC — _FCB Eq. (5-15)
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5 Force and Motion I d

Additional Materials
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r An mertial reference frame 1s one in which Newton's laws hold.

\ (a) The path of a puck sliding from

1.'.'+l-' -
s the north pole as seen from a

5 Stationary point in space. Earth
| rotates to the east. (b) The path of
| the puck as seen from the ground.

;J I Earth's rotation

| /| causes an
 a) 5 apparant deflaction.

*If a puck 1s sent sliding along a short strip of frictionless ice—the puck’s
motion obeys Newton’s laws as observed from the Earth’s surface.

* If the puck is sent sliding along a long ice strip extending from the north
pole, and 1f 1t is viewed from a point on the Earth’s surface, the puck’s path
1s not a simple straight line.

*The apparent deflection 1s not caused by a force, but by the fact that we see
the puck from a rotating frame. In this situation, the ground 1s a

noninertial frame.
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Force; The Four Basics Forces

Concept Connections: The Four Basic Forces

The four basic forces will be encountered in more detail as you progress through the text. The gravitational force is defined
in Uniform Circular Motion and Gravitation, electric force in Electric Charge and Electric Field, magnetic force in
Magnetism, and nuclear forces in Radioactivity and Nuclear Physics. On a macroscopic scale, electromagnetism and
gravity are the basis for all forces. The nuclear forces are vital to the substructure of matter, but they are not directly
experienced on the macroscopic scale.

Table 4.1 Properties of the Four Basic Forceslt!

Approximate Relative Strengths Range Attraction/Repulsion Carrier Particle
Gravitational 10—38 co attractive only Graviton
Electromagnetic | 10 ~ 2 attractive and repulsive | Photon
Weak nuclear | 10~ 12 attractive and repulsive | W, w —, Z°
Strong nuclear | | attractive and repulsive | gluons
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