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Newton’s First Law

Newton’s First Law: An object at rest or an object in motion at constant
speed will remain at rest or at constant speed in the absence of a resultant
force.(The law of Inertia)
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Newton’s First Law
If the object is at rest, it remains at rest (velocity = 0).

If the object is in motion (v= constant), it continues to move in a straight line 

with the same velocity.

No force is required to keep a body in straight line motion when effects such 

as friction are negligible.

An object is in translational equilibrium if the net force on it is zero:

Translational equilibrium

Static Equilibrium  

Dynamic Equilibrium
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Newton’s First Law
If the object is at rest, it remains at rest (velocity = 0). 

If the object is in motion (v= constant), it continues to 

move in a straight line with the same velocity.

An object is in Equilibrium if the net force 

on it is zero:
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Newton’s First Law

Newton’s First Law: An object at rest or an object in motion at constant
speed will remain at rest or at constant speed in the absence of a resultant
force.

A block is placed on a sheet and the sheet is pulled quickly to the 
right. The block tends to remain at rest while the sheet is 
removed.
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Newton’s First Law

Newton’s First Law: An object at rest or an object in motion at constant
speed will remain at rest or at constant speed in the absence of a resultant
force.

A block is placed on a sheet and the sheet is pulled quickly to the 
right. The block tends to remain at rest while the sheet is 
removed.
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Newton’s First Law

Newton’s First Law: An object at rest or an object in motion at constant
speed will remain at rest or at constant speed in the absence of a resultant
force.

Assume block and sheet move together at constant speed. If the 
sheet stops suddenly, the block tends to maintain its constant 
speed.
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Newton’s First Law

Newton’s First Law: An object at rest or an object in motion at constant
speed will remain at rest or at constant speed in the absence of a resultant
force.

Assume block and sheet move together at constant speed. If the 
sheet stops suddenly, the block tends to maintain its constant 
speed.
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Understanding the First Law:

Discuss what the driver experiences 
when a car accelerates from rest and 
then applies the brakes.

(a) The driver is forced to move forward.  An object at rest tends to 
remain at rest.

(b) Driver must resist the forward motion as brakes are applied.  A 
moving object tends to remain in motion.
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Newton’s First Law



What Do You Learn?
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Newton’s Second Law:

Newton’s Second Law:  Whenever a resultant force acts on an 

object, it produces an acceleration: an acceleration that is directly 

proportional to the force and inversely proportional to the mass.
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Acceleration and Force With Absence of Friction Forces

Pushing the cart with twice the force
produces twice the acceleration. Three
times the force triples the acceleration.
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Acceleration and Force With Absence of Friction Forces

F F

a a/2

Pushing two carts with same force F
produces one-half the acceleration. The
acceleration varies inversely with the
amount of material (the mass).
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=1 NF

a = 2 m/s2

=2 N

a = 4 m/s2

F =4 N

a = 8 m/s2

F

Acceleration a is directly proportional to force F and is in the 

direction of the force. Friction forces are ignored in this 
experiment.
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Systems of Units

SI system: If kg is unit of mass, m is unit of length, and s is unit 

of time, one can derive unit of force, called Newton (N) as follows:

F (N) = m (kg) a (m/s2)

British system: If lb is unit of force, ft is unit of length, and s is 

unit of time, then on can get unit of mass, called slug as follows

m (slugs) =F (lb) /a (ft/s2)
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Mass and Inertia

a = 2 m/s22 N
1 Kg

a = 1 m/s22 N2 Kg

a = 0.5 m/s2
2 N4 Kg

The mass is a measure of inertia. Applying a constant force on different 

masses shows the inertia in each case (ability of each mass to resist motion)
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Mass and Inertia

Inertia is a measure of an object’s resistance to changes in its 
motion. It is represented by the inertial mass.
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Applications On Newton’s Laws:

Problem

A force    applied to an object of mass m1 produces an acceleration of 3 
m/s2. The same force applied to a second object of mass m2 produces 
an acceleration of 1 m/s2.(a) What is the value of the ratio m1/m2?

(b) If m1 and m2 are combined into one object, find its acceleration under 

the action of the force    .

Dynamics

F


F


By Prof. Rashad Badran



Applications On Newton’s Laws:

(a)

m1 a1 = 3 m/s2. m2 a2 = 1 m/s2 . 

F = m1 a1 =3 m1 ------------------ (1)

Dynamics

Solution

F = m2 a2 = m2 -------------------(2)

Divide equation (1) by equation (2) to get

m1 / m2 =1/3

To find the value of the ratio m1/m2? .
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Applications On Newton’s Laws:

(b)
The combined mass m1 +  m2 is under the action of the same force F

F = (m1 + m2)a --------------------- (3)

Dynamics

Solution

But we have m2 = 3m1 , when substituting this into equation (3) one can 

get:

To find the acceleration: .

F = (m1 +3 m1)a = (4m1)a ------ (4)

From the equation F = m1 a1 =3 m1 and equation (4), one may have

a =0.75 m/s2
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Type of Forces

An ideal cord has zero mass, does not stretch, and the tension is the 

same throughout the cord.

 Contact forces: forces that arise due to an interaction between the 

atoms in the surfaces of the bodies in contact.

e.g. Pushing or Pulling Force, Normal Force & Friction

 Tension: force transmitted through a “rope” from one end to the other.

 Gravitational Force
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Normal Forces

2 kg

FN

Fg

F
Fg

Fg

FN

FN

Normal force acts in the direction perpendicular to the contact surface.
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Tension

Mg

T
10 kg

Mg

T
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Tension
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Tension
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Tension
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Tension
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Tension
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Tension
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Tension
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Gravitational Force

Gravity is the force between two masses.  Gravity is a long-range force.  No contact is 

needed between the bodies.  The force of gravity is always attractive!

2

21

r

MGM
F 

r is the distance between the two masses 

M1 and M2 and G = 6.671011 Nm2/kg2. 

M2

r

M1

F21 F12
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Gravitational Force

Let M1 = ME = mass of the Earth. 22
M

r

GM
F E











Here F = the force the Earth exerts on mass M2.  This is the force known as weight, w.
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Gravitational Force

Note that

is the gravitational force per unit mass.  This is also referred to as the 

acceleration due to gravity.

What is the direction of g?

What is the direction of w?

m

F
g

g


Answer: Downward
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Newton’s Third Law 

• Third Law: For every action force, there must be an equal and 
opposite reaction force.  Forces occur in pairs.

ReactionActionReaction
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Newton’s Third Law 

• Third Law: For every action force, there must be an equal and 
opposite reaction force.  Forces occur in pairs.

Action

Reaction

Action

Reaction
Reaction

Action

Rocket leaving earthGun being fired
Jumping out of a 
boat onto the dock 
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Newton’s Third Law 
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Newton’s Third Law 
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Newton’s Third Law 
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Newton’s Third Law 
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The space shuttle Endeavor
lifts off for an 11-day mission
in space. All of Newton’s laws
of motion - the law of inertia,
action-reaction, and the
acceleration produced by a
resultant force -are exhibited
during this lift-off.
Credit: NASA Marshall Space
Flight Center (NASA-MSFC).

NASA

Mission in Space
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• 2. Draw a free body diagram for each body

Solving Problem Strategy for Newton Laws

• 6. Solve for the unknown quantities

• 3. Break vectors into components if needed 

• 4. Find the NET force by adding and subtracting forces that are on the same 

axis as the direction of motion. 

• 5. Write Newton’s law for both axes: 

SFx = m ax ,   SFy = m ay

NOTE: To avoid negative numbers, always subtract the smaller forces from the 

larger one. Be sure to remember which direction is larger. 

• 1. Specify the forces acting on each body
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Forces of Friction: The Case of Static Friction

Force of Friction: It represents the resistance to the motion of a body on 

a rough surface because of the interaction of the body with the surface

M
Fapp.fs

FN

Mg

The block of mass M is in static equilibrium because

SFx = 0   Fapp. - fs = 0

Or  fs = Fapp.

SFy = 0  FN - Mg = 0

Or         FN = Mg
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Forces of Friction

By Prof. Rashad Badran



Forces of Friction: The case  of Static Friction

M
Fapp.fs,max

FN

Mg

When the applied force is changed until it causes the block of mass M 

to be on the verge of slipping but still in static equilibrium, the 

retarding force that resist this applied force is called the maximum 

force of static friction fs, max=s FN

SFx = 0   Fapp. – fs,max = 0

Or  s FN = Fapp. 

 s = Fapp. /FN = Fapp./ Mg
s is the coefficient of static friction

SFy = 0  FN - Mg = 0

Or         FN = Mg
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Forces of Friction: The maximum force of static friction fs, max=s FN
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Forces of Friction: The maximum force of static friction fs, max=s FN

The force of static friction
fs, max = s FN does not
depend on the area of
contacted surfaces
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Forces of Friction

The force of static friction

fs, max = s FN depends on
the material of contact
surfaces

By Prof. Rashad Badran



Forces of Friction
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Forces of Friction

The force of static friction
fs, max = s FN depends on
the normal force which is
equal, here, to the weight
of board and masses on
board
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Forces of Friction: The case  of Kinetic Friction

M
FCfk=kFN

FN

Mg

When the block of mass M is moving with a constant speed under the 

action of an applied force FC the force that resists this motion and 

keeps the block moving with its constant speed where it is in dynamic 

equilibrium, is called the force of kinetic friction fk=k FN

 k = FC /FN= FC /Mg

SFy = 0  FN - Mg = 0

Or         FN = Mg

Note: The force of kinetic friction is always less than the 
maximum force of static friction (i.e. fk < fs,max ) where k <s

where  k is the 

coefficient of kinetic 

friction

SFx = 0  FC – fk = 0

Or  k FN = FC 
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Forces of Friction

The force of kinetic friction is always less than the 
maximum force of static friction (i.e. fk < fs,max ) where k <s
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Forces of Friction
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Forces of Friction
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Forces of Friction
Example

A skater of mass 60 kg has an initial velocity of 12 m/s. He 

slides on ice where the frictional force is 36 N. How far will 

the skater slide before he stops?

Answer:120m

By Prof. Rashad Badran



Forces of Friction

A skater of mass 60 kg has an initial velocity of 12 m/s. He 

slides on ice where the frictional force is 36 N. How far will 

the skater slide before he stops?

Answer:120m

Solution

v

fk

SFx = max  – fk = max

Or  - fk /m= ax

 ax =- 36 /60=- 0.6 m/s2

Use the equation v2 =v2
o +2ax (x-xo)

For a given vo = 12 m/s and v = 0

 (x-xo)=- v2
o /(2ax )=-(12m/s)2/(2(-0.6m/s2)

 (x-xo)=120m
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Applications on Newton’s Laws

Example

4 kg

T

W = mg

T

W = mg

Free-Body Diagram
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Applications on Newton’s Laws

Solution

T

W = mg

Free-Body Diagram

0 yF

The mass m = 4kg is at static equilibrium

0mgT

NT 2.39
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Applications on Newton’s Laws

Example

300 600

T1x

T1y

T2x

T2y

3T

1T

2T

Mg

3T

300 600

4 kg

1T2T

3T

Mg

M=

The point     is at 

static equilibrium. 

Another point     is at 

static equilibrium. 

O2

O1

O2

O1

If the system is in equilibrium, find the tension in the ropes
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Applications on Newton’s Laws

Solution

300 600

T1x

T1y

T2x

T2y

3T

1T

2T

O2

Mg

3T

O1
and 

0 yF

03 MgT NMgT 2.393 

,0 xF

0 yF

021  xx TT
21 )73.1( TT 

0321  TTT yy

030sin60sin 321  TTT 2.395.086.0 21  TT

NT 7.192 NT 1.341 

At point O1 :          

030cos60cos 21  oo TT

At point O2 :          
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Applications on Newton’s Laws:

Example

300

FN

W

Dynamics

xx maF 

ax = g sin

mg sin = ma x

ax = (9.8m/s2) sin30o = 4.9m/s2

030cos 0 mgFN

FN - mg cos= 0

In the absence of friction, what is the 
acceleration down the 300 incline?

FN

300 +

W=mg

x

y

  0yF
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Applications on Newton’s Laws:

Exercise

300

FN

W

In the presence of friction (k = 0.4), what is 
the acceleration down the 300 incline?

Dynamics

FN

300
+

W=mg

x

y

xx maF 

ax = 1.5 m/s2

mg sin - kFN = ma x

ax = (9.8m/s2)( sin30o –(0.4)cos30o)

030cosmgFN 

mg sin - k mg cos  = ma x

mg sin - fk = ma x

FN - mg cos = 0

  0yF
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Applications on Newton’s Laws:

Example

c

FN

W

Dynamics

  0xF

From equations (1) and (2), one can get

c = tan-1(s)

FN = mg cosc -----(2)

mg sinc - sFN= 0----(1)

mg sinc - s mgcos c = 0

Find the critical angle of incline c that allows the block to 
be on the verge of skidding, when the coefficient of static 
friction between the block and incline is s

FN

c
+

W=mg

x

y

  0yF

FN - mg cosc = 0

s = tanc 
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Applications on Newton’s Laws:

Exercise

ck

FN

W

Dynamics

  0xF

k = tanck

ck = tan-1(k)

FN = mg cosck ------(2)

mg sinck - kFN= 0-----(1)

mg sinck - k mgcos ck = 0

Find the critical angle of incline ck that allows the block to
move down the incline with constant speed, when the
coefficient of kinetic friction between the block and incline is
k FN

ck
+

W=mg

x

y

  0yF

FN - mg cosck = 0

From equations (1) and (2), one gets
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Applications on Newton’s Laws:

Problem

Two forces                           and                          , act on a particle of 
mass 2 kg that is initially at rest at coordinates (- 2 m, + 4 m).
(a) What are the components of the particle’s velocity at t = 10 s?
(b) In what direction is the particle moving at t = 10 s?
(c) What displacement does the particle undergo during the first 10 s?
(d) What are the coordinates of the particle at t = 10 s?

Dynamics

NjiF )ˆ4ˆ6(1 


NjiF )ˆ7ˆ3(2 
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Applications on Newton’s Laws: Dynamics

NjiF )ˆ4ˆ6(1 


NjiF )ˆ7ˆ3(2 
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(a)

 aji


2)ˆ3ˆ9(

m=2kg

The particle’s velocity at t = 10 s can be obtained using the equation of  motion

tavv o


 0ov




mjiro )ˆ4ˆ2( 


0ov


smjissmjiv /)ˆ15ˆ45()10(/)ˆ5.1ˆ5.4( 2 


vx = -45 m/s and vy = 15 m/s

Solution

2/)ˆ5.1ˆ5.4( smjia 
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Applications on Newton’s Laws:

(b) To find the direction of the particle’s motion at t = 10 s?

Dynamics

vx = -45 m/s and vy = 15 m/s

oooo

x

y

v
v

v
1621818018

45

15
arctanarctan 




Solution

Note: The direction is at angle – 18o which is 18o from negative x-axis (clockwise 

direction). Alternatively, the direction is at angle of 162o with respect to the 

positive x-axis (counterclockwise direction)
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Applications on Newton’s Laws: Dynamics
Solution
(c) To find the displacement of the particle during the first 10 s, use the equation of 
motion

2

2
1

0 tatvrr o




2/)ˆ5.1ˆ5.4( smjia 


mjirr o )ˆ75ˆ225( 


22 )10(/)ˆ5.1ˆ5.4)(5.0( ssmjirr o 


0ov
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Applications on Newton’s Laws: Dynamics
Solution
(d) To find the coordinates of the particle at t = 10 s, use the equation of motion

mjirr o )ˆ75ˆ225( 


mjiro )ˆ4ˆ2( 


mjir )ˆ79ˆ227( 


x = -227 m and y = 79 m
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Applications on Newton’s Laws:

Problem

Two forces       and      act on a 5-kg object. Taking F1 = 20 N and F2 = 15 
N, find the acceleration of the object for the configurations of shown parts 
(a) and (b) of the figure.

Dynamics

1F


2F


m 1F


2F


60o

m 1F


2F


90o

(a)
(b)
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Applications on Newton’s Laws:

(a) For forces in Figure (a): 

Dynamics

m 1F


2F


90o

(a)

iF ˆ201 


jF ˆ152 


amFF
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Solution

By Prof. Rashad Badran



Applications on Newton’s Laws:

(b) For forces in Figure (b): 

Dynamics

(b)

NiF ˆ201 


amFF


 21

m = 5kg

2/)ˆ6.2ˆ5.5( smjia 


m 1F


2F


60o

jFiFF
yx

ˆˆ
222 



NFF o

x
5.7)5.0)(15(60cos22 

NFF o

y
13)86.0)(15(60sin22 

NjiF )ˆ13ˆ5.7(2 


aji

amjii




5)ˆ13ˆ5.27(

)ˆ13ˆ5.7(ˆ20





Solution
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Applications on Newton’s Laws:

Problem

A 3-kg object is moving in a plane, with its x and y coordinates given by 
x = 5t2 - 1 and y = 3t2 + 2, where x and y are in meters and t is in 
seconds. Find the magnitude of the net force acting on the object at t = 
2 s.

Dynamics

By Prof. Rashad Badran



Applications on Newton’s Laws:

To find the magnitude of the net force acting on the object at t = 2 s, 
one must find first the acceleration using  x = 5t2 – 1, y = 3t2 + 2 and

Dynamics

Solution

2

2

dt

xd

dt

dv
a x

x 
2

2

dt

yd

dt

dv
a

y

y 

jaiaa yx
ˆˆ 



amF




2/10 smax 
2/6 sma y 

2/)ˆ6ˆ10( smjia 


NjismjikgF )ˆ18ˆ30(/)ˆ6ˆ10)(3( 2 


Note: It is obvious that both the acceleration and force are not function of time so 

they are constant at any time
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Applications on Newton’s Laws:

A 3-kg block starts from rest at the top of a 30o incline plane and slides a
distance of 2 m down the incline in 1.5 s. Find (a) the magnitude of the
acceleration of the block, (b) the coefficient of kinetic friction between the
block and the plane, and (c) the friction force acting on the block, and (d) the
speed of the block after it has slid 2 m.

Dynamics



Exercise

Answer: (a) a = 1.77 m/s2

(b) k = 0.368

(c) fk = - 9.37 N

(d) v = 2.66 m/s
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Applications on Newton’s Laws:

A 25-kg block is initially at rest on a horizontal surface. A horizontal force 
of 75 N is required to set the block in motion, after which a horizontal 
force of 60 N is required to keep the block moving with constant speed. 
Find: (a) the coefficient of static friction and, (b) The coefficient of kinetic 
friction between the block and the surface.

Dynamics

fs,max 25 kg

75 N

fk 25 kg

60 N

v=constant

(a) (b)

Problem

By Prof. Rashad Badran



Applications on Newton’s Laws:

(a) To find the coefficient of static friction s= ? m= 25 kg, vo= 0, Fapp= 75N

Dynamics

(a)

Solution

fs,max m=25 kg

F app=75 N

FN

mg s = 75N/245N= 0.3

mg = (25)(9.8) = 245 N

SFx = 0  Fapp. – fs,max = 0

Or  s FN = Fapp. 

 s = Fapp. /FN = Fapp./ mg
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Applications on Newton’s Laws:

(a) To find the coefficient of kinetic friction k= ? m= 25 kg, vo= constant, 
Fapp= 60N

Dynamics

(b)

Solution

fk m=25 kg

F app=60 N

FN

mg

 k = 60N/245N= 0.24

mg = (25)(9.8) = 245 N

SFx = 0  Fapp. – fk = 0

Or  k FN = Fapp. 

 k = Fapp. /FN = Fapp./ mg

v=constant

By Prof. Rashad Badran



Applications on Newton’s Laws:

Example
Two-Body Problem:
(a) Find tension in the connecting rope if there is no 
friction on the surfaces.

2 kg 4 kg

12 N

(b) Find acceleration of system .

Dynamics

By Prof. Rashad Badran



Applications on Newton’s Laws:

Two-Body Problem: (a) Find tension in the connecting 
rope if there is no friction on the surfaces.
(b) Find acceleration of system.

2 kg 4 kg

12 N Now find  tension T in connecting 

cord. Focus on mass 2 kg only

SFx = m2 a

T = (2 kg)a-------------(1)
T

FN2

m2 g

Dynamics

Solution

By Prof. Rashad Badran



Applications on Newton’s Laws:

Two-Body Problem: (a) Find tension in the connecting 
rope if there is no friction on the surfaces.

(b) Find acceleration of system.

2 kg 4 kg

12 N Focusing on 4-kg by itself one can find:

12 N

FN4

m4 g

T

SFx = m4 a
12 N - T = (4 kg) a ------(2)

Dynamics

Solution

 T = 4 N

From equations (1) and (2) T is

 a = 2 m/s2

Substitute T into equation (2) to get
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Applications on Newton’s Laws:

Problem

Two blocks connected by a rope of negligible mass are being dragged by
a horizontal force. Suppose F = 68 N, m1 = 12 kg, m2 = 18 kg and the
coefficient of kinetic friction between each block and the surface is 0.1
(a) Draw free-body diagram for each block. Determine (b) the
acceleration of the system and (c) the tension in the rope.

Dynamics

m1=12 kg m2=18 kg

F=68 N

k=0.1

T

fk1 fk2
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Applications on Newton’s Laws:

Problem Find acceleration of system and tension in cord 
for the arrangement shown.

2 kg

4 kg

One can apply F = m a to entire 

system along the line of motion.

SF = (m2 + m4) a

m4g = (m2 + m4) a

FN2

m2 g

T

m4 g

T

+ a

a = 6.53 m/s2

Dynamics

Solution

Note m2g is balanced by FN2 because SFy =0

By Prof. Rashad Badran

(4 kg)(9.8 m/s2)

2 kg + 4 kga =                =
m4g

m2 + m4
=



Applications on Newton’s Laws:

Two objects are connected by a light string that passes over a frictionless
pulley as shown in the figure. Assume the incline is frictionless and take m1 = 2
kg , m2 = 6 kg and  = 35o. (a) Draw free-body diagram of both objects. Find
(b) the magnitude of the acceleration of the objects, (c) the tension in the
string, and (d) the speed of each object 2 s after it is released from rest

Dynamics

m1



Problem
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Applications on Newton’s Laws: Dynamics

Solution

m1

m1 g

T

(a) The free-body diagram of both objects are shown as follows

By Prof. Rashad Badran



Applications on Newton’s Laws:

(Cont.) To find the magnitude of the acceleration:m1= 2 kg, m2= 6 kg,  = 35o

For mass m2: apply SFx = m2a to 

just the 6 kg mass, ignoring 2 kg.

a =1.76m/s2

Dynamics

Solution

m1



amgmT 11 

T –(2)(9.8)= (2)(a)------(2)

aTo )6(35sin)8.9)(6( 

33.7-T= (6)(a)-------(1)

. 

amTgm 22 sin 

For mass m1: apply  SFy = m1a to 

just the 2 kg mass, ignoring 6 kg.

From equations (1) and (2) one can find a as 

m1 g

T

By Prof. Rashad Badran



Applications on Newton’s Laws:

Find the tension in the rope shown below. (The 
Atwood machine.)

2 kg 5 kg

m2 g m5 g

T

+a

Apply F = ma to mass m2 = 2kg along

the line of motion (upward). 

SFy = m2 a

Dynamics

Problem

amgmT 22 

Solution

aT 2)8.9)(2( 

)1(26.19  aT

By Prof. Rashad Badran
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Applications on Newton’s Laws:

Find the tension in the rope shown below. (The 
Atwood machine.)

2 kg 5 kg

m2 g m5 g

T

+a

Apply F = ma to mass m5 = 5kg along

the line of motion (downward). 

SFy = m5 a

T = 28 N

Dynamics

Problem

amTgm 55 

Solution

aT 5)8.9)(5( 

)2(549  aT

From equations (1) and (2) one can find a as  a = 4.20 m/s2

Substitute a = 4.20 m/s2 into equation (2) to get T

By Prof. Rashad Badran
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Applications on Newton’s Laws:

Problem Find the acceleration of the system shown 
below. (The Atwood machine.)

2 kg 5 kg

m2 g m5 g

T

+a

Alternatively, one can find the acceleration by 

applying F = ma to entire system along the 

line of motion.
SFy = (m2 + m5) a

5 2 2 5( )m g m g m m a  

2

5 2

2 5

(5 kg 2 kg)(9.8 m/s )

2 kg + 5 kg

m g m g
a

m m

 
 



a = 4.20 m/s2

Dynamics

Solution

By Prof. Rashad Badran

T



Applications on Newton’s Laws

Block B weighs 711N. The coefficient of static friction between the block and the

table is 0.25; assume that the cord between B and the knot is horizontal. Find the

maximum weight of block A for which the system will be stationary.

Exercise

Answer: 103.0 N
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Applications on Newton’s Laws

Two blocks of weights 3.6N and 7.2N, are connected by a massless string and

slide down a 30º inclined plane. The coefficient of kinetic friction between the

lighter block and the plane is 0.10; that between the heavier block and the plane is

0.20. Assuming that the lighter block leads, find (a) the magnitude of the

acceleration of the blocks and (b) the tension in the string. (c) Describe the motion

if, instead, the heavier block leads.

Light block A leads

A

B
FNA

FNB

Exercise

Answer: (a) a = 3.5 m/s2

(b) T = 0.2 N
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Applications on Newton’s Laws

Exercise
A block weighing 22N is held against a vertical wall by a horizontal force F of magnitude 60N. The

coefficient of static friction between the wall and the block is 0.55 and the coefficient of kinetic

friction between them is 0.38. A second force P acting parallel to the wall is applied to the block.

For the following magnitudes and directions of P, determine whether the block moves, the

direction of motion, and the magnitude and direction of the frictional force acting on the block:

(a) 34N up, (b) 12N up, (c) 48N up, (d) 62N up, (e) 10N down,

(f) 18N down.

F=60N

Answer: (a) Block does not move

(b) Block does not move

(c) Block does not move
(d) a =7.6 m/s2 UP

(e) Block does not move
(f) a =7.6 m/s2 DOWN
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Applications on Newton’s Laws

Blocks A and B have weights of 44N and 22N, respectively. (a)

Determine the minimum weight of block C to keep A from sliding if μs

between A and the table is 0.2. (b) Block C suddenly is lifted of A. What

is the acceleration of block A if μk between A and the table is 0.15?

Exercise

Answer: (a) WC = 66 N
(b) a = 2.28 m/s2
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Apparent Weight

Example
A person stands on a scale in an elevator. As the elevator starts, the scale has a 

constant reading of 591 N.  As the elevator later stops, the scale reading is 391 N. 

Assume the magnitude of the acceleration is the same during starting and 

stopping, and determine (a) the weight of the person, (b) the person's mass, and (c) 

the acceleration of the elevator.
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Apparent Weight

A person stands on a scale in an elevator. As the elevator starts, the scale has a 

constant reading of 591 N.  As the elevator later stops, the scale reading is 391 N. 

Assume the magnitude of the acceleration is the same during starting and 

stopping, and determine (a) the weight of the person, (b) the person's mass, and (c) 

the acceleration of the elevator.

Solution

SFy = m a

S1 - mg= m a

S1 = 591 N

591- mg= m a -----(1) a=+ve

vf > vi

By Prof. Rashad Badran



Apparent Weight

A person stands on a scale in an elevator. As the elevator starts, the scale has a 

constant reading of 591 N.  As the elevator later stops, the scale reading is 391 N. 

Assume the magnitude of the acceleration is the same during starting and 

stopping, and determine (a) the weight of the person, (b) the person's mass, and (c) 

the acceleration of the elevator.

Solution

SFy = m a

S2 - mg= - m a 

S2 = 391 N

391- mg= - m a -----(2)

a= -ve

vf = 0

Add equations (1) and (2) to get

mg= 491 N   982 = 2mg    m= 50 kg a = 2 m/s2
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What Do You Learn?
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