Force and it laws (Basics)

By Suryakant Bhardwaj…….

 

	Section 1. What is a Force?
Force can be defined as a push or a pull. (Technically, force is something that can accelerate objects.) For example, when you throw a baseball, you apply a force to the ball. Force is measured by N (Newton). A force that causes an object with a mass of 1 kg to accelerate at 1 m/s is equivalent to 1 Newton.
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	Section 2. Newton's First Law of Motion
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	You will have to learn a new terminology here: net force. Net force is the sum of all forces acting on an object. For example, in a tag of war, when one team is pulling the tag with a force of 100 N and the other with 80 N, the net force would be 20 N at the direction of the first team (100 N - 80 N = 20 N).

	 
	 
	 

	 
	 
	QUESTION: If both teams pull the tag with equal force, what would the net force be? 
[image: image3.wmf]

 N 


	 
	 
	 

	 
	 
	When you slide your book on floor it will stop soon. When you slide it on icy surface, it will travel further and then stop. Galileo believed that when you slide a perfectly smooth object on a frictionless floor the object would travel forever.

Isaac Newton developed the idea of Galileo further. He concluded that an object will remain at rest or move with constant velocity when there is no net force acting on it. This is called Newton's First Law of Motion, or Law of Inertia.
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	Section 3. Newton's Second Law of Motion
Newton's First Law deals with an object with no net force. Newton's Second Law talks about an object that has net force. It states that when the net force acting on an object is not zero, the object will accelerate at the direction of the exerted force. The acceleration is directly proportional to the net force and inversely proportional to the mass.It can be expressed in formula
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	F = ma

where:

· F is the net force in N,

· m is the mass of an object in kg and

· a is its acceleration in m/s2.

From this formula, we can say that force is something that accelerates an object.

	 
	 
	 

	 
	 
	QUESTION: How much net force is required to accelerate a 1000 kg car at 5.00 m/s2? 
[image: image6.wmf]

 N 
QUESTION: If you apply a net force of 1 N on 200 g-book, what is the acceleration of the book? 
[image: image7.wmf]

 m/s2 
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	Section 4. Newton's Third Law of Motion

	 
	




[image: image9.png]



	When you kick the wall in your room, you will probably end up hurting your foot. Newton's Third Law of Motion can explain why: when one object applies a force on a second object, the second object applies a force on the first that has an equal magnitude but opposite direction. In other words, when you kick the wall, the wall kicks you back with equal force. As a result you will get hurt. These forces are called action-reaction forces.

Remember when you kick the wall, you exerts force on the wall. When the wall kicks you back, it exerts force on you. Therefore, the net force on the wall is not zero and the net force on your foot is not zero neither.

	 
	 
	 

	 
	 
	QUESTION: What is the net force on 200 g ball when it hits a wall with acceleration of 10 m/s2? 
[image: image10.wmf]

 N 
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	Section 5. Mass and Weight
Mass and weight are different in physics. For example, your mass doesn't change when you go to the Moon, but your weight does. Mass shows the quantity, and weight shows the size of gravity.

If you know your mass, you can easily find your weight because
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	W = mg

where:

· W is weight in Newton (N),

· m is mass in kg, and

· g is the acceleration of gravity in m/s2.

If your mass is 70 kg on Earth, your weight is
W=(70 kg)(9.8 m/s2) = 686 N.

Weight is measured by Newton (N).

	 
	 
	 

	 
	 
	QUESTION: What is the mass of an object that has a weight of 115 N on the Moon? The gravity of the Moon is 1/6 of g (which is 9.8 m/s2).
[image: image13.wmf]

 kg 
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	Section 6. Friction
You will have to learn another vocabulary before you proceed: the normal force. The normal force acts on any object that touches surface (either directly or indirectly). The normal force would be applied on a ball on a table, but not on a ball in the air, for instance. It always acts perpendicularly to the surface. The formula to calculate the normal force is
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	FN = - mg

where:

· FN is the normal force in Newton (N),

· m is the mass in kg, and

· g is the gravitational force in m/s2.

For example, the normal force acting on a 70 kg-person would be
FN = - (70 kg)(-9.8 m/s2) = 686N

	 
	 
	 

	 
	 
	QUESTION: What is the normal force acting on the same person on the Moon? 
[image: image16.wmf]

N 


	 
	 
	 

	 
	 
	Now, we will talk about friction.

When you slide your book on floor, it will come to stop because of the force of friction. Friction is the force that acts between two object in contact because of action-reaction.

Force of friction can be calculated by the formula
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where:

· Ff is the force of friction in N,

· [image: image19.png]


is the coefficient of friction, and

· FN is the normal force in N.

The value of [image: image20.png]


depends on surface you are dealing with. The following table shows some example of [image: image21.png]


.

Surface
Value of [image: image22.png]



rubber on dry asphalt

~1

rubber on wet asphalt

0.95

steel on steel

0.18

steel on ice

0.010

rubber on ice

0.005

For example, if you throw a 500 g book on floor where [image: image23.png]


 = 0.1, the force of friction would be:
Ff = [image: image24.png]


 = (0.1)(0.5 * 9.8) = 0.49 N

	 
	 
	 

	 
	 
	QUESTION: What is the value of [image: image25.png]


if the force of friction on a 300 g book was 0.5 N? 
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	Section 1. Projectile Motion
Objects launched are called projectiles. The flight of baseballs and basketballs are some examples of projectile motions. Let's analyze the projectile motion by breaking down the forces acting on the object.

Suppose a ball was thrown horizontally at the velocity of 5 m/s.

[image: image28.png]



Let's think about forces acting on x-direction, or horizontal direction, only. We know that the ball was thrown at the velocity of 5 m/s. Because no other force acts on the ball in the air, we know the velocity will stay constant (because the net force is zero). Therefore, after 5 seconds, the ball is

d = vt = 5 m/s * 5s = 25 m

25 m away. After 10 seconds,

5 m/s * 10 s = 50 m

The ball is 50 m away.

	 
	 
	 

	 
	 
	QUESTION: How far will the ball travel in 3 seconds in horizontal direction? 
[image: image29.wmf]

 m 


	 
	 
	 

	 
	 
	Let's now think about the forces in y-direction, or vertical direction. Because gravity is the only force acting on it, the ball will accelerate at the rate of -9.8 m/s2, i.e. 9.8 m/s2 downward. After 2 seconds, the ball has traveled 19.6 m because
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= 0 + 4.9 * 22 = 19.6 m

	 
	 
	 

	 
	 
	QUESTION: How far has the ball traveled after 4 seconds in vertical direction? 
[image: image32.wmf]

 m 


	 
	 
	 

	 
	 
	Now, let's combine two forces at x and y directions and see its displacement. When t = 0, i.e. right after the ball was thrown, the displacement on x and y direction are both 0. When t = 1, after 1 second, the displacement on x direction is 5 m and on y direction is -4.9 m. When t = 2, the ball traveled 10 m on x direction and -19.6 m on y direction. To summarize,

Time vs. Displacement
Time
Displacement on X
Displacement on Y
0 s

0 m

0 m

1 s

5 m

-9.8 m

2 s

10 m

-19.6 m



	 
	 
	 

	 
	 
	QUESTION: What is the displacement of the ball in x direction after 3 seconds? 
[image: image33.wmf]

 m 
QUESTION: What is the displacement of the ball in y direction after 3 seconds? 
[image: image34.wmf]

 m 


	 
	 
	 

	 
	 
	Now, let's look at velocity rather than displacement. When t = 0, the velocity on x direction is 5 m/s, while 0 m/s on y direction. Therefore, the total velocity of the ball is 5 m/s using Pythagorean Theorem. When t = 1, while the velocity on x direction stays the same, the velocity on y direction becomes -4.9 m/s. Therefore, the total velocity of the ball when t = 1 would be
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 m/s

To summarize,

Time vs. Velocity
Time
Velocity on X
Velocity on Y
Total Velocity
0

5 m/s

0 m/s

5 m/s

1

5 m/s

-4.9 m/s

7.0 m/s



	 
	 
	 

	 
	 
	QUESTION: What is the velocity of the ball in x direction when t = 2? 
[image: image37.wmf]

 m/s 
QUESTION: What is the velocity of the ball in y direction when t = 2? 
[image: image38.wmf]

 m/s 
QUESTION: What is the total velocity of the ball when t = 2? 
[image: image39.wmf]

 m/s 
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The left drawing summarizes what we've learned so far. The red dot represents the positions of a falling ball with 0.5 seconds of interval.

You can see that it moves at constant velocity on x direction, while accelerates on y direction. As a result, the path of the ball will follow the path of parabola.
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	Section 2. Circular Motion
Motion that repeat itself is called periodic motion. A projectile motion, since it doesn't repeat, is not periodic. The motion of a swinging ball is an example of circular motion. Let's analyze the circular motion.

Consider a planet around the Sun.

[image: image42.png]



When there is no external force, an object will travel in a straight line (Newton's First Law of Motion). In order for an object to travel in a circle, there has to be a force that makes it travel in a circle.
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	An object in circular motion always tries to move in a straight line (Law of Inertia). However, there is a force that acts toward the center of the motion. This force is called the centripetal force. It is the centripetal force that makes an object travel in a circular path. This force could be friction or a gravitational force, but we call it a centripetal force.

[image: image44.png]centripetal force /

—— @

Always acts forward center.




When the centripetal force is too strong, the ball will accelerate toward the center of the circle. When the centripetal force is too weak, the ball will get out of the orbit. An object will maintain a circular motion only when the centripetal force is well balanced.

These formulas can be used to calculate the centripetal force:

	 
	[image: image45.png]



	[image: image46.png]



[image: image47.png]A7
Y





[image: image48.png]



Where:

Fc: is the centripetal force (N)
m: is the mass (kg)
ac: is the centripetal acceleration (m/s2)
v: is the speed (m/s)
r: is the radius of the circle (m)
t: is the period (the length of time required for one complete rotation) (s)

Too complicated? Let's see a concrete example.

You are rotating with Earth, so you are experiencing a circular motion.

Say you have a mass of 50 kg. We know the radius of the circle (6,378,000 m = radius of Earth) and its period (24 hours = 86400 seconds). From this information, you can calculate velocity, acceleration, and centripetal force acting on you.
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	To calculate velocity, use the formula [image: image50.png]


.
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 m/s = 1670 km/h.

To calculate acceleration, use the formula [image: image52.png]


.
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m/s2.

You can see that we don't accelerate much (which is obvious).

	 
	 
	 

	 
	 
	QUESTION: A ball with a mass of 250 g has a centripetal acceleration of 5 m/s2. What is the centripetal force acting on this ball? 
[image: image54.wmf]

N 
QUESTION: A ball with a speed of 10 m/s is in a circular motion. If the circle has a radius of 20 m, what would the period of the ball be? 
[image: image55.wmf]

s 
QUESTION: The Moon's orbit around earth is nearly circular. The orbit has a radius of about 385,000 km and a period of 27.3 days. Determine the acceleration of the moon toward Earth. 
[image: image56.wmf]

m/s2 



 

	Section 1: Types of Waves
There are three types of waves:
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	1. Mechanical waves require a material medium to travel (air, water, ropes). These waves are divided into three different types.

· Transverse waves cause the medium to move perpendicular to the direction of the wave.
· Longitudinal waves cause the medium to move parallel to the direction of the wave.
· Surface waves are both transverse waves and longitudinal waves mixed in one medium.
2. Electromagnetic waves do not require a medium to travel (light, radio).

3. Matter waves are produced by electrons and particles.
By moving a rope once, a single vibration is produced. This is a pulse.
Click on the image to produce a pulse.
[image: image57.png]



By moving a rope regularly up and down, a traveling or periodic wave is produced.


 

	 
	[image: image58.png]



	Section 2: Measuring Waves
Any point on a transverse wave moves up and down in a repeating pattern.

	 
	
	The shortest time that a point takes to return to the initial position (one vibration) is called period, T. In this example, every vibration is marked with a short pause.
[image: image59.png]



The number of vibrations per second is called frequency and is measured in hertz (Hz). Here's the equation for frequency:
f = 1 / T
The shortest distance between peaks, the highest points, and troughs, the lowest points, is the wavelength, [image: image60.png]


.
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By knowing the frequency of a wave and its wavelength, we can find its velocity. Here is the equation for the velocity of a wave:

[image: image62.png]



However, the velocity of a wave is only affected by the properties of the medium. It is not possible to increase the speed of a wave by increasing its wavelength. By doing this, the number of vibrations per second decreases and therefore the velocity remains the same.

The amplitude of a wave is the distance from a crest to where the wave is at equilibrium. The amplitude is used to measure the energy transferred by the wave. The bigger the distance, the greater the energy transferred.

[image: image63.png]¢ Amplitude. 7




Example:
A radio wave has a frequency of 93.9 MHz (93.9 * 106 Hz). What is its period?
f = 93.9 * 106 Hz
f = 1 / T
T = 1 / f

T = 1 / 93.9 x 106 Hz
T = 1.06 x 10-8 s
QUESTION: If the velocity of a radio wave is 300 000 000 m/s (light speed) and its wavelength is 3.108 m, what is the frequency of the wave? 
[image: image64.wmf]
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	Section 3: Moving from one medium to another
Once a wave (incident wave) has reached the end of a medium, part of the energy is transferred to the medium that is immediately next to it (transmitted wave) and part is reflected backward (reflected wave).

The energy transferred depends on the difference between the mediums. If there is a significant difference, almost all the energy will be reflected. If the mediums are similar, most of the energy will be transferred. However, the reflected waves will be inverted if the medium that comes next is more dense or it won't be inverted if the medium is less dense.
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	Section 4: Collision of waves
When two waves traveling in opposite directions through the same medium collide, the amplitude of the resulting wave will be the sum of the two initial waves. This is called interference and there are of two types:

	 
	
	· Constructive interference is when the amplitudes of the initial waves are in the same direction. The resulting wave will be larger than the original waves. The highest point of a constructive interference is called anantinode.
[image: image68.png]



· Destructive interference is when the amplitudes of the initial waves are opposite. The amplitude of the resulting wave will be zero. The point in the middle of a destructive interference is called a node and it never moves.
[image: image69.png]
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	Section 5: Reflection, Refraction and Diffraction of waves of two dimensions (waves on water surface)
When a wave hits a barrier, it will be reflected depending on the direction of the barrier (normal). The angle between the incident wave and the normal is the same as the angle between the normal and the reflected wave.
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When a wave enters a different medium (more shallow region) at an angle, the direction of waves changes. This change is called refraction.
When a wave travels through a small hole in a barrier, it bends around the edges. This is called diffraction.
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