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1. Force

Force and mass are basic objects of mechanics that cannot be defined in terms of other objects. Both are defined by their usage in the formulation of the laws of motion (Newton’s Laws).



2. Newton’s First Law

(The Law of Inertia)

Every body continues in its state of rest or uniform speed in a straight line unless it is compelled to change this state by a net force acting on it.



3. Mass

Informally, mass is a measure of the amount of matter in a body. It characterizes inertia of the body.

Completely, mass is defined by the Second Law (to follow). Unit of mass in SI is kilogram (kg). A unified atomic mass unit is the mass of a Carbon-12 atom, which is defined to be exactly 12 u (atomic units), 

� EMBED Equation.2  ���

Do not confuse mass and weight: mass is amount of matter in a body and is a scalar quantity. Weight is the force of gravity and is a vector quantity (at the Earth, it is directed to the center of Earth). 



4. Newton’s Second Law

The acceleration of an object is directly proportional to the net force acting on it and inversely proportional to its mass. The direction of the acceleration is the direction of the net force coincide.
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One can rearrange this law as
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Dimensionality of force
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Force units is other systems

cgs:   � EMBED Equation.2  ���;     British: pound= lb=4.45 N.



Example 1:  A 9-g bullet is accelerated in a high-power rifle along the barrel of 1.7-m long to the muzzle speed of 950 m/s. Considering the motion of the bullet as uniformly accelerated, find the force acting on the bullet. 



Solution:

We know: 

The length traveled � EMBED Equation.2  ���, final velocity v=950 m/s, the initial velocity of zero, and the mass of 9.0 g=0.0090 kg.



First, we find acceleration of the bullet. Consider equation � EMBED Equation.2  ���, we set � EMBED Equation.2  ��� and solve;
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To find force, we use the Second Law, 
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Discussion:

This number may be compared with weight of an average person of mass 70 kg. This weight can again be found from the Second Law as force causing acceleration of g,

� EMBED Equation.2  ���. Thus, the force acting on the bullet is about two times greater, despite the fact that its mass is smaller by the factor on order of 10000.









Example 2: A 1500-kg car is capable of reaching the speed of 60 mi/h from rest in 8.0 s. 

Find the net force that causes this acceleration.

Solution:

Known: Time of acceleration t=8 s, the final velocity of � EMBED Equation.2  ���, the initial velocity of zero, and the mass m=1500 kg.

From the equation � EMBED Equation.2  ���, we find 

� EMBED Equation.2  ���. Now we are in position to find the force. From the Second Law,

 � EMBED Equation.2  ���. 

Discussion:

Interestingly enough, this force is only a few times greater than the force accelerating the tiny bullet from the previous example.



5. Newton’s Third Law

Whenever one object exerts a force on a second object, the second exerts an equal and opposite force on the first
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Example: collision of a car with a wall
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These two forces (“action” and “reaction”) are equal, oppositly directed, and exerted on different objects



�Example 2: Rocket launch
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6. Weight

Weight: The force of gravity
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Rocket launch (repeated)

Free-body diagram for the rocket

��



Free-body diagram: For a given body, indicate all forces exerted on this body by all other bodies in the system.



Free-body diagrams are used to solve problems of many-body motion











��Example: Applying the Second Law to the whole system

















� EMBED Equation.2  ���is called normal force, or reaction force, or costraint force, or contact force



�Find � EMBED Equation.2  ���. Because the system is in equilibrium, the net force is equal to zero. Thus, applying the Second Law to the system of two boxes, we get

� EMBED Equation.2  ���, or � EMBED Equation.2  ���.



Applying the Second Law to the system of boxes, we have not taken into account any internal forces between constituent parts of the system, not incidentally. The internal forces always cancel due to the Third Law.

Example: The system is moving with acceleration a. 

Find the pulling force � EMBED Equation.2  ���. 
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Solution: 

Using the Second Law for the Box 1 in the x-direction: � EMBED Equation.2  ���.

Now, the same for the Box 2,

� EMBED Equation.2  ���.

The Second Law for the (massless) cable:

� EMBED Equation.2  ���. 

Thus, the total force acting on cable is zero.

Now, add these equations together, side by side:

�� EMBED Equation.2  ���Thus, all internal forces mutually cancel, when you add the equations of motion. The resulting acceleration is determined by only external forces. This is always the case.



Finally, we find

� EMBED Equation.2  ���

or
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Thus, the acceleration of a composite system is always the total external force divided by the total mass.









Which cord will break?

All forces are shown (not a free-body diagram):
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�Free-body diagram:













Projecting the forces on the upward y-direction and using the Second Law:

� EMBED Equation.2  ���.

From this we find the tension in the upper cord,
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If � EMBED Equation.2  ��� (pulling fast), then � EMBED Equation.2  ���, and the lower cord breaks.

In contrast, if � EMBED Equation.2  ��� (pulling slowly), then � EMBED Equation.2  ���, and the upper cord breaks.
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7. Vector Forces and Free-Body Diagrams



�Example:

















Find the resulting force.

Solution:

We will resolve vectors into components and add them analytically.

Resolving:
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Adding:
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Finding the resulting force:
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Problem 

Ski-patrol persons must transfer an injured skier across a crevasse 99-m long. All they have is a 100-m long rope that can safely withstand 2000 N tension. Can they accomplish their task, if the skier’s mass is 70 kg?

	1. This is a dynamic (static) problem; force vectors are invoked.

	2. Known:
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Drawing a figure:
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Solution: First, we find the angle,
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Because the problem is static, we equate the resulting force to zero. For the y projection: 
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Discussion:

The rope will break!









Net (resulting)

force



Force exerted on 

body a by body b



Force exerted on 

body b by body a



Force exerted by

the wall on the car



Force exerted by

the car on the wall



Force exerted on the rocket engine  by the gas plume



Force exerted on the gas plume  by the rocket engine



Force exerted on the road by car’s wheel



Force exerted on car’s wheel by the road 



Force exerted on the rocket engine by the gas plume



Gravity force, � EMBED Equation.2  ���



Ground







Box 1



Box 2
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Acceleration a



� EMBED Equation.2  ���







� EMBED Equation.2  ���� EMBED Equation.2  ���





Acceleration a



� EMBED Equation.2  ���







� EMBED Equation.2  ���



� EMBED Equation.2  ���



y



x




� EMBED Equation.2  
�
�
�




� EMBED Equation.2  ���



� EMBED Equation.2  ���



� EMBED Equation.2  ���



� EMBED Equation.2  ���




49
.5m



50 m










