General Physics 1 (PHYS1113)

Academic year 1447 - 2



Chapter 1

Measurement



Measuring Things
* To measure any physics quantity, we need magnitude and unit

* For example: the full day is 24 hours
Table 1-1 Units for Three S|

* Each unit must be compared to a standard Base Quantities
* There are 3 Base Quantities (Length, Time, Mass). Quantity ~ Unit Name  Unit Symbol
« We then define all other physical quantities in terms of these pase Length meter m
Time second S
quantities and their standards (called base standards). Mass kilogram kg

* For example: volume is length % length x length, density is the ratio
of mass to volume (volume is length X length x length) ...

e Base standards must be both accessible and invariable



The Physical Quantities

There are two types of Physical Quantities

O, ®

Basic Physical Quantity Derived Physical Quantity

It is any quantity that can
be expressed by the basic
guantity, such as area,
volume, density, force,
velocity, etc.

Mass denoted as M

Length denoted as L

Time denoted as T



Systems of units

There are three common systems of units

@ " International system of units (Sl

units)

British system of units (UK units)

Gaussian system of units (cgs units) ‘

Quantity SI British CGS
Length Meter (m) Foot (ft) Centimetre (cm)
Time second (s) Second second
Mass Kilogram (kg) Pound mass (lbm) Gram (g)

Force Newton (N) Pound_force (lbf) Dyne



The International System of Units (SI Units)

length meter
* The /nternational System of units (abbreviated as Sl units) mass kilogram
- , , time second

has only seven quantities that are chosen internationally as :

electric current ampere
base quantities. These units are used to derive any other thermodynamic temperature  kelvin

o _ amount of substance mole

unit in science. . . :

luminous intensity candela

* In this course we need only these three base quantities:

length, time, mass to derive all other units we will study.

For example:

Table 1-1 Units for Three Sl

Length Base Quantities

Speed =

Time Quantity Unit Name  Unit Symbol
/ Length meter

Derived quantity base quantities ime secon

Mass kilogram

. unit of length m
. Unit of speed = 2=

unit of time S

mol
cd



PrEflxes fOr SI Unlts Table 1-2 Prefixes for Sl Units

Factor Prefix® Symbol
* To express the very large and very small quantities we often run into 102 votta- v
in physics, we use scientific notation, which employs powers of 10. In 102! zetta- zZ
this notation, 0% exa- E
1015 peta- P
1012 tera- T
3 560 000 000 m =3.56 x 10° m 10° giga- G
106 mega- M
_ -7 _ -9 10° kilo- k
0.000000492s=492%x10"7s5s=492%x10"°s j
10~ hecto- h
10! deka- da
10! deci- d
. . 102 enti- :
« When dealing with very large or very small measurements, we use s -~ N
the prefixes listed in Table 1-2, For example: 10~ micro- p
10-° nano- n
9 _ . _ 1012 pico- p
1.27 X 10” meter = 1.27 gigameter = 1.27 Gm .
10-F femto- f
10-18 atto- a
2.35x 1072 s = 2.35 nanoseconds = 2.35 ns 10-2 zepto- 7
10-24 yocto- y



Changing Units

* We often need to change the units in which a physical quantity is expressed.
* We multiply the original measurement by a conversion factor

* For example, because 1 min and 60 s are identical time intervals, we have:

1min=60s =< Conversion factor between min and s

If we need to convert 2 min to seconds:

( 60 s ) 2 minx60 s
2 min - = - = 120s
1 min 1 min

* Another example: we need to change the quantity 15 m/s to its equivalent in cm/min:

Conversion factors are: 1 min=60s and 1 m=100cm, so,
m (100 cm 60 s 15 mXxX100 cm X60 s .

15—( )( : )= — =90000 cm/min
S 1m 1min 1sX1mX1lmin

* By using this method, we can convert any unit to any other unit (even if we are not familiar with these units)



Example 1: The speed of a car is 35 m/s. What was this speed in km/h?

Solution:

Conversion factor:
I km= 1000 m and 1 h=3600s

1km 3600s
1000 m) X( 1h )

The speed is v = 35 %= 35 %x(

__35X1x3600 km

1000x1 h =126 km/h



Notes on unit conversion:

If there is a power in the unit, you must use the same power for the conversion factor.

1 m=100cm l1cm =102 m

1 m?=(100)2 cm? = 1 m? = (10 000) cm? 1cm?=(102)2m2=1cm?=(10"%) m?

1 m3=(100)3cm3®= 1 m?=(1 000 000) cm? 1cm3=(102)°m3=1cm?®=(10"°) m?3

For example, converting 5.3 m? to cm? unit will be: For example, converting 5.3 cm? to m? unit will be:
5.3 m? x(“"’f;;mz) = 53000 cm? 5.3 cm? x(li) ;;1?2) = 5.3x104 m? = 0.00053 m?




Significant Figures and Decimal Places

Number of the significant figures depends on the instrument used

m12m [2m 2mo
( I } — 18
A A A —
—1m L 11m —1m =
- ——1.7
aii il i)
Height = 1.8 m Height = 1.82 m Height = 1.819 m
Correct digit—T T o Correct digitsj T Correct digitsTT
doubtful digit doubtful digit doubtful digit
2 significant figures 3 significant figures 4 significant figures

15.07 This number has four significant figures
10.68 The 8 is called the least significant figure
0.00064 This number has two significant figures

12.000 This number has five significant figures



RULES FOR SIGNIFICANT FIGURES

1. All non-zero numbers ARE significant.

The number 33.2 has THREE significant figures because all of the digits present are non-zero.

2. Zeros between two non-zero digits ARE significant.

2051 has FOUR significant figures. The zero is between a 2 and a 5.

3. Leading zeros are NOT significant.

They're nothing more than "place holders." The number 0.54 has only TWO significant figures. 0.0032 also has TWO
significant figures. All of the zeros are leading.

4. Trailing zeros to the right of the decimal ARE significant.

There are FOUR significant figures in 92.00.

92.00 is different from 92: a scientist who measures 92.00 milliliters knows his value to the nearest 1/100th milliliter;
meanwhile his colleague who measured 92 milliliters only knows his value to the nearest 1 milliliter. It's important to
understand that "zero" does not mean "nothing." Zero denotes actual information, just like any other number. You

cannot tag on zeros that aren't certain to belong there.



5. Trailing zeros in a whole number with the decimal shown ARE significant.

Placing a decimal at the end of a number is usually not done. By convention, however, this decimal indicates a
significant zero. For example, "540." indicates that the trailing zero IS significant; there are THREE significant figures
in this value.

6. Trailing zeros in a whole number with no decimal shown are NOT significant.

Writing just "540" indicates that the zero is NOT significant, and there are only TWO significant figures in this value.

7. For a number in scientific notation: N x 10%, all digits comprising N ARE significant by the first 6 rules; "10" and
"x" are NOT significant.

5.02 x 10% has THREE significant figures: "5.02." "10 and "4" are not significant.



Length

* In 1792, the meter (m) was selected to be the standard unit of length. The standard meter
It is a bar of Platinum-Iridium
* The old definition of the meter: the meter, defined to be one ten-millionth of kept at a constant temperature

The meter is defined as the
. distance between the two scratch
the distance from the north pole to the equator. marks

» Later, the meter was defined as the distance between two fine lines engraved
near the ends of a platinum—iridium bar, the standard meter bar, which was

kept at the International Bureau of Weights and Measures near Paris.

* New definition of the meter: The meter is the length of the path traveled by light in a vacuum during a time interval

of 1/299 792 458 of a second.



Example: The micrometer (1 um) is often called the micron. (a) How many microns make up 1
km? (b) What fraction of a centimeter equals 1 m? (c) How many microns are in 1 yd?

Solution:
(a) Conversion factors: (b) Conversion factors:
1km=1x103mand1m=1 x 10° um, l1cm=1x10?mand1um=1x10"%m,
= 1km=103m = 1um=1x10"%m
Now we convert 103 m to um: Now we convert 1 x 10 m to cm:
1x106um 1cm
3 =109 -6 — -4
10 mx( im )—10 Km 1x10 mx(lxlO‘zm)_lxm cm

(c) Conversion factors:
1yd=0.91mand1m=1x10°um,

— 1yd=091m
Now we convert 0.91 mto um:

1x106um
1m

O.91mX( )=9.1X1O5um



T

Time

* Any phenomenon that repeats itself is a possible time
standard, for example, Earth’s rotation, which determines
the length of the day, has been used in this way for centuries

 However, the accuracy of measuring time this way is not

good enough for science and engineering technology.
 To meet the need for a better time standard, atomic clocks
have been developed
 Onesecond is defined as the time taken by 9 192 631 770
oscillations of the light emitted by the cesium atom.

e Atomic clocks are so consistent and accurate.




Example: A plant can grow 3.7 m in 14 days. What was its growth rate in micrometers per second?

Solution:

Conversion factor:

1m=1X10°pum and 1 day = 86400 s
Th th rate in m/days = =~ = 0.26 m/d
e growth rate in m ays—14day— .26 m/day

Now, convert 0.26 m/day to um/s:

m 1 x 10° um 1day | [0.26 m x 1x10° umx1 day) _
0.26 (d_ay) X( Tm )X (854005)‘( Tday x 1 m x 86400 s )‘3“”‘/5




Mass

* Mass used to be measured by making a comparison to the “standard
kilogram”

* The Standard Kilogram: The Sl standard of mass is a cylinder of platinum
and iridium that is kept at the International Bureau of Weights and
Measures near Paris

* The masses of atoms can be compared with one another more precisely
than they can be compared with the standard kilogram. For this reason, the
mass of carbon atom is used as a second mass standard. By agreement,

mass of carbon atom = 12 atomic mass unit (u).
1u=1.66054 x 107%" kg

* In 2019, the kilogram definition has changed (it is defined now based on
some universal physics constants).



Example: Earth has a mass of 5.98 x 10%* kg. The average mass of the atoms that make up Earth is 40
u. How many atoms are there in Earth?

Solution:

Conversion factor:
1u=1.66054 x 107%" kg

1.66054 x 107%" kg
1u

= mass of one atom =40 u X ( ) = 6.64 x 107%¢ kg

Number of atoms in Earth = ( mass of Earth ) _ ( 5.98 x 1024 kg

- 49
mass of one atom 6.64 x 10-26 kg) =9 x10™ atoms



Example: Assuming that water has a density of exactly 1 g/cm3, find the density of water in kg/m3.

Solution:

Conversion factor:

1g=1x103kg and 1cm3=10°%m3

g 1 x 103 kg lcm3\ (103 . 3 3
1 (CmB)x( 5 )*(155m) = (1o7s) ke = 10° ke/m? = 1000 ke/m



Example: A light-year is a measure of length (not a measure of time) equal to the distance that light travels in 1
year. Compute the conversion factor between light-years and meters.

Solution:
The conversion factor from years to second is

1o 1y, 36525d 24h 60min  60s _ .
Y2y 1d ~ 1h Tmin " >

The speed of light is 3.00 x 108m/s.
Thus in 1 year, light travels a distance of

(3.00 x 108 m/s) (3.16 x 107s) = 9.48 X 10¥° m

So that
1ly =9.48 x 10> m



Exercise 1:
1. Express the following quantities using the prefixes and the unit abbreviations.

For example, 10000 meters = 10 km
a. 1 000 000 watts b. 0.002 gram c.3x10°® meters d. 30000 seconds.

2. Write each of the following without using prefixes: (a) 40 yW (b)4 ns (c)3 MW (d) 25 km

3. Convert a speed of 10 km/h to mi/h.

4. Knowing that one gallon =231 in® and 1 in = 2.54 cm, then the Volume of 5 gallons of water
equals to :

3

5. Given 1in = 2.54 cm The volume of an object is 21 ¢m?3, then its volume in in3 is:

6. Complete the following: (b) 100 yd =............ m (d) 60 mi/h =................. ft/s

7. Find the number of significant figures present in each of the following measurements
0.0040102, 1.52000, 6975400.



Chapter 3
Vectors



Vectors and Their Components

All physical quantities can be either

Vectors: have magnitude and direction A Scalars: have only magnitude (no direction)

Examples: displacement, force, acceleration ... Examples: distance, temperature, mass ...
: , & /4 Vector
Vectors are represented graphically as arrows: The length of the arrow is S
N
proportional to the magnitude of the vector, and the direction (angel) of the &
arrow represents the direction of the vector. &/

O (direction)

B
Any vectors that have the same magnitude
A and the same direction are equal vectors.

In a.d‘lagt.‘am, you C'an move a vectorto a ne_W _ It is allowed to shift a vector to
position if you don’t change its length and direction. a position parallel to itself.



Vectors and Their Components

Representing the vector quantity graphically:

The vector is represented graphically as an arrow, whose length is
proportional to its magnitude, and its slope represents the

direction of the vector.

Symbols of the vector and its magnitudes

{2

~

Symbols of the vector

A

e d

A

As a bold letter

As a letter with an arrow overhead

Symbols of the
magnitude of the
vector

A

|/T| or |A|

As a simple letter

As a modulus of the vector




We can add vectors using two methods

Geometrically

Adding Vectors Geometrically

Suppose you moved from A to Bas shown by the red line in the figure. Your
displacement (which is a vector) is represented by the arrow for Ato B. Next,

you moved from Bto Cas shown. What is your net displacement? It is the

vector for Ato C.

By components

This is the way you can add vectors geometrically. AB + BC=AC

We call ACthe vector sum (or resultant) of the vectors ABand BC.

We can represent the relation among the three vectors in the figure with the

vector equation:

B

Actual
path)f—\J
¢ C

A

Net displacement
is the vector sum

(@)

~__——Toadd&and b,
_ draw them
a " head to tail.

- B
A
(O) " This is the

resulting vector,
from tail of @
to head of b.

This sum is not the usual algebraic sum (in vector sum, we add magnitudes and also direction!)



Adding Vectors Geometrically

 The method of adding vectors geometrically is called head-to-tail
method. It is done by the following steps:

Assume you have 3 vectors A4, Band Cthat you need to add.

1) On paper, sketch vector Ato some scale and at the proper angle.

2) Sketch vector Bto the same scale, with its tail at the head of
vector A, again at the proper angle.

3) Repeat the same procedure for vector C.

4) The vector sum Sis the vector that extends from the tail of Ato the head

of C(the arrow represents the magnitude and direction of the resultant O).

 This can be written as:

S=A+B+C Or S=A+B+C




Properties of Vector addition:

Vector sum

- G+b=b+d (commutative law) Start J Finish
« (G+Db)+¢=d+(+7) (associative law)

You get the same vector result for
any order of adding the vectors.




Subtracting Vectors Geometrically

b

« The vector —b is a vector with the same magnitude as b but the

opposite direction Figure 3-5 The vectors b and - b

have the same magnitude and opposite
This means: directions.

(a)
* Thus, adding — —b has the effect of subtracting b . We use this property

Note head-to-tail
5 arrangement for
addition

to define the difference between two vectors: let d =q-— b

— — —
d=a—-0b

d=d—b=3d+(-b) (vector subtraction)

()

Figure 3-6 (a) Vectors a b and — b .
(b) To subtr 1ct vector b trom vector @,
add vector — b to vector a .



Components of Vectors

* We can resolve any vector to its components

* The components are the projections of the vector on each axis

* For example, the vector 2 has x-axis component 2, and y-axis component a,

* The components can be positive or negative (based on the direction of the vector

itself)
y axis
A
Ay A
i K
aX

X axis -

> X axis

Y axis
A
a_y A3
\ 0
a
y axis

A

X axis



How can you convert a vector to its component?

Q, a
cosf = — - |a, = a cosfO a,
a
a
. ay . \ 0
sing = — - |a, = a sinb 2
a X

Also, 1f you know the components of any vector then you can calculate the
magnitude and angle (direction) of the original vector:

a= /a,25+a32,

a
0 =tan 12
ax

Note: these equations are correct only if the angle 0 1s made with the positive x-axis.
If the angle is made with any other axis, you must recalculate these equations by the
same method (see the next example)




Example: An airplane leaves an airport and moves for 215 km away,
in a direction making an angle of 68° toward the east from due north. v (north)
How far east and north is the airplane from the airport? 4

Solution:

We need to find the x-axis and y-axis components of the displacement d:

d. =dcos 0=215 x cos(68°) =81 km

d,=d sin =215 % sin(68°) = 200 km

This means that the airplane is 81 km east and 200 km north of the airport.

> X (east)



UNIT VECTORS

Unit Vectors
* A unit vector is a vector that has a magnitude of exactly 1 and points in a The unit vectors point
particular direction. along axes.

* For each axis we have a particular unit vector:

x-axis has the unit vector 1

y-axis has the unit vector |
z-axis has the unit vector k

« So, we can write the vector @ as:

d=a,l+a,j+ask



Adding Vectors by Components:

If we have two vectors d and b : d=a,l+ayj, b=>hbi+b,j

and we need to calculate 7 = @ + b w just add the components of each axis to each other:

7 = (ay + byt + (a, + by)j

For example,

if we have two vectors: A=30+ 47 — 2k and B=-50+ 3] + 2k

Then we can calculate A + B as follows,
A+B=0B-5i+@+3)j+ (-2+ 2k
= 21+ 7]+ (0)k
=-=20+7]



Multiplying Vectors

There are three ways in which vectors can be multiplied

b s

Multiplying a Vector by a Scalar

Multiplying a vector a by a scalar s, we get

>
a hew vector sa.

Multiplying a Vector by a Vector

Its magnitude LS the product of the Vector product (cross product), the result
magnitude of a and the value of s. is a vector quantity

d X b = vector quantity

Multiplying a Vector by a Vector
Scalar product (dot product), the result is a
scalar quantity

d - b = scalar quantity



The Scalar Product
There are 2 ways to calculate this type of product

If the vectors are expressed in magnitude-angle
notation:

N
a

d-b = abcosd

.. the result depends on the magnitude of a
and the magnitude of b and the angle
between them.

the result can be positive or negative based
on the values of the vectors, and the angle
between them.

-

a .

b

If the vectors are expressed in unit-vector

notation;
d=a,l+a,j+ a k
B=bxi+byf+bzk i>i>=]—>]—>
then, 7 ]—> _ ]—> E

|

~J

|

&

—

S

Note that the result has no unit vectors because it is a
scalar quantity (the final result will be just a number)

The commutative law applies to the scalar product

-

-5-d




Example: if you have two forces F;=5 N Example: if you have two forces
and Fz =3 N and the angle between them is F =21—-3]+ k
40°, find F - F, F, = 40 + 5] + 10k
find Fa . Fb

Solution: Solution:
ﬁz E, - F, = (2x4) + (-=3x5) + (1x10)
40° =815+ 10
ﬁl =3N

F, - F, = 5x3xc0s(40°) = 11.5 N




The Vector Product

The result of vector product of @ and b is a third vector ¢ whose
magnitude can be calculated by two ways

If the vectors are expressed in magnitude-angle If the vectors are expressed in unit-vector
notation: notation:
- - A A T
a a=ayl+a,j+ ask

) then,

J
Sl
~—
&l
™
~y
S

Q

X

S

[l

Q
=

Q
<2

Q
N

~y

i xb = ab sind

* .. the result depends on the magnitude of a
and the magnitude of 4 and the angle

between them. ixb= lab,— ba,)i+[ab.—balj+[ab,—ba)] k

* the result can be positive or negative based
on the values of the vectors, and the angle
between them.

Note that the result has unit vectors because it is a vector quantity

The commutative law does not apphes to the vector product
dxb=—bxXd



To determine the direction of the result vector ¢ we use the right-hand-rule-

1- point your right-hand fingers in the direction of a.

2- curl your fingers in the direction of b.

3- the result vector C is in the direction of your thumb.




Example: if you have two forces F1= 5N
and Fz =3 N and the angle between them is
40°, find F, x F,

Solution:

-

F

40°

Fy

F, x F, = 5x3xsin(40°) = 12.6 N

By using the right-hand-rule: the direction of the result
is “out of the page”

Example: if you have two forces
F,=21—-37+k
Fj, = 41+ 5] + 10k

find Fa X Fb

Solution:
Fy X Fy=[ab,~ ba)i+[ab,~ba]j+[ab,~balk
= [(-3x10) — (5x1)] £ +[(1x4) — (10x2)] } +[(2%5) — (4x-3)] k

= 35{-16j+22k



Exercise 3:

1. An airplane is traveling 835 Km/h in a direction 41.5° west of north as shown in the figure Find:
a) The components of the velocity vector in the northerly and westerly directions
b) How far north and how far west has the plane travelled after 2.5 h? N

v 41.5°

2. The x component of a vector Ais —25 m and the y component is 40 m. w \

(a) What is the magnitude of A? )
(b) What is the angle between the direction of A and the positive direction of x?

3. What is the angle @ between d = 31 — 4jand b = —2i + 3k ? whatis¢ = d x b

4. In unit vector notation, what is the sum d + bifd=4i+3fand b = —13{ + 7j?
What are the magnitude and direction of a + b?

5. Two vectors are presented as a = 31+ 5jand b=2i+ 4] Find:
(a) axb
(b) a.b



Chapter 2

Motion Along a Straight Line



Motion

In this chapter we will study the motion of objects only in
a straight line.

We will not study the force causing this motion (this part
will come later)

Motion in a straight line can be vertical, horizontal, or
slanted, but it must be straight.

Position and Displacement
* To locate an object means to find its position relative to some reference point, often the origin

(or zero point) of an axis such as the xaxis.

Motion along a straight line = One-dimensional motion

| Vertical
o Slanted 4

&
Lo

Horizontal

Position can be on the positive direction or on the negative direction of the axis.

Object is located at

Object is located at

X=—4m X=3m
é ] ] ] ] ] ] é ] X(m)
-4 -3 -2 -1 0 1 2 3 4




Position and Displacement

* A change from position x, to position x, is called a displacement Ax, where
Ax=x, - X,

* For example, if the particle moves from x; =5 m to x, = 12 m, then the displacement is
Ax= (12 m) - (5 m)=+7 m. The positive result indicates that the motion is in the positive direction.

* If the particle moves from x; =5 mto x, =1 m, then Ax=(1 m) - (5 m) = -4 m. The negative result
indicates that the motion is in the negative direction.

Positive direction

B

Negative direction

| | | | | | L x (m)
-3 -2 -1 0 1 2

Origin—/




Position and Displacement

* Displacement is not always equal to the total distance covered in the trip
* Displacement is the net change in position between original and final positions
* Displacement is a vector: it is described by a magnitude and a direction

* Distance is a scalar (it has no direction)

* If you move between initial position x;to a final position x,as shown, then displacement # distance

Displacement Distance

Net change between initial Total trip from initial position

[\ Displacement / } position x; to a final position x, x,to a final position x,
Does not depend on the path | Depends on the path of motion
of motion

X
X; f

Q.
T
o
')% Vector Scalar

SI unit: m SI unit: m




Position and Displacement

> Displacement is a vector
~. Todetermine the displacement of an object, you need to specify

1- Magnitude (The distance between the initial and final positions)

2- Direction (Negative or positive sing)

)(/- Xf . .
. , , > % (m) Displacement Ax = 3 m means the object
-2 -1 0 1 2 position has changed by 3 m in the
AX=3m positive direction.
Xr X Displacement Ax = -3 m means the object

' ' ' —x(m) position has changed by 3 m in the
negative direction.




Position and Displacement

Here you can see the difference between displacement and distance on the x-axis:

% X Ax =1m.

'S, 1 1 . | X (M . _

2 { 0 1 3 (m) Total distance = 7 m.
Xf Xi Ax=-1m.

I( ¢ 1 1 J X (M . — .
I . " 3 (m) Total distance =7 m
Xi Xr Ax=1m.

— ' ' — x (m) Total distance =1 m.




Average Velocity and Average Speed

To measure “how fast” an object is moving, we use two quantities:
1) average velocity v,
2) average speed s,

vg

Suppose an object is at position x, at time ¢,, and then moves and reaches position x, at time ¢,.

1 1 1 x 1 X

Time elapsed
At

This means that the displacement Axoccurs during a particular time interval At

The average velocity I, is defined as:

displacement final postion — initial position

average velcoity = . , , — ,
g Y time final time — initial time

X, —Xx1 Ax
t,—t; At

Vavg




Average Velocity and Average Speed

* Because displacement is a vector = velocity is a vector (velocity always has direction)
* Average velocity v,,, always has the same sign as the displacement Ax:

positive displacement = positive velocity

negative displacement = negative velocity

e The SI unit of velocity i1s m/s

* Average speed s,,, is the second way of describing “how fast” an object moves.

* The average speed involves the total distance covered during the motion:

total distance total distance

average speed = , = — . —
gesp time final time — initial time

total distance
Savg = At

* Because distance is scalar, speed is scalar (has no direction).
* Average speed S, is always positive.

e The SI unit of speed is m/s



Average Velocity and Average Speed

Comparison between velocity and speed:

Velocity Speed
_ displacement _ distance
~ time ~_time

Does not depend on the path Depends on the path of

of motion motion
Vector Scalar
SI unit: m/s ST unit: m/s

* Average speed is not always equal to the magnitude of average velocity.

* Both v, ,and s, are measured over a time interval A¢(not for a specific instant during

the motion), thus they are called “average”



Example: a man walked as shown in the figure, then stopped at the point P. The total time that he
takes during his walk was 250 s. calculate the distance, displacement, average speed, and average

velocity.
y ® °

A = —R
| | | | | | | | |
0m I0m 20m 30 m 40 m 50 m 60m 70m 80 m

» X-axis

Solution:

Distance=70+50=120 m
The + sign means that the displacement and the

velocity are in the positive direction of x-axis

Displacement =+20 m

distance _ 120

time 250 0.48 m/s

Average speed =

displacement _ +20
time ~ 250

Average velocity = =+0.08 m/s



Instantaneous Velocity and Speed

You have now seen two ways to describe how fast something moves: average velocity and average
speed, both of which are measured over a time interval At

However, we can also describe how fast a particle is moving at a given instant—its instantaneous
velocity (or simply velocity) v.
Ax

v = lim —
At—0 At

dx

U=E

Velocity (v) is the derivative of position (x) with respect to time (?)

vis a vector (it has direction)

To calculate the instantaneous velocity at a time = ¢,;
1) Calculate the first derivative of the position equation with respect to time
2) Substitute the value of ¢, at the result of derivation



Example: If a particle’s position is given by x=4 - 12¢+ 3¢2 - 5¢3(where tis in seconds and xis in
meters), what is its velocity at =2 s?

Solution:
dx d
% —5—5(4—12t+3ﬂ—5t3)

=0-12+6t—-15¢F
At t=2s,

v=0-12+6(2) - 15 (2)2

= —-12+12-15(4)=-60m/s

This result means that at the instant = 2 s, the particle was moving with a velocity = 60 m/s in the
negative direction.



Using the instantaneous velocity, we can define the instantaneous speed or simply speed

Speed is the magnitude of velocity; that is, speed is velocity but without any direction.

For example, a velocity of +5 m/s and another velocity of -5 m/s both have an associated speed

of 5 m/s.

Speed is scalar (it has no direction), and it is always positive.

Note: speed and average speed can be different.



Acceleration

 When a particle’s velocity changes, the particle is said to have acceleration
* Suppose an object is has a velocity v, at time £, and then changes its velocity to v, at time £,,
then, the average acceleration a,, is defined as

v, — v Av
a = —
Wi -t At

* Also, there is instantaneous acceleration or simply acceleration a, which is defined as:

dv

G=E

Or,

dv d(dx) d?x
a = =

dt  dt \dt/)  dt2

Acceleration is the first derivative of vwith respect to ¢
OR
Acceleration is the second derivative of xwith respect to ¢



* To calculate the instantaneous acceleration at a time = ¢,;

1) Calculate the first derivative of the velocity equation with respect to time

OR

calculate the second derivative of the position equation with respect to time

2) Substitute the value of ¢, at the result of derivation

* Acceleration is (it has direction)

* The Sl unit of acceleration is m/s?



* Acceleration can be positive or negative.

If the signs of the velocity and acceleration of a particle are the same, the speed of the particle

increases. If the signs are opposite, the speed decreases.

+ vy TV
—a - +a —
SR O
> X-AXxIs > X-axis
The signs of both aand vare opposite The signs of both @and vare the same
(one IS positive but the other is (both positive or both negative)
negative) = the speed is increasing
= the speed is decreasing
+a S— —a _—
) — C— S
@ > X-axis @ > X-axis




Example: If a particle’s position is given by x=4 - 12¢+ 3# - 53 (where tis in seconds and xis in
meters), what is its acceleration at t=2s?

Solution:

We can derive the velocity vfrom the last example (it is the same as taking the second derivative of
the equation given in the question),

dx d
We had: v —5—5(4—12“ 32 -58)

cv=12+6t—-15¢F

dv d
B—E—E(lz+6t—15tz)
S.a=6-30t
At t=2s,

a=6-30(2) = 6-60=-54m/s?



Constant Acceleration: A Special Case

(=]

. . . . ] . al i)
 When an object is moving with a constant acceleration (this means

E Slope =0
its velocity is changing but not its acceleration), in this case: j
0
average acceleration = instantaneous acceleration
35 =4
V=1V + at

1
o . . X — Xg = vyt + sat’
* We can describe this motion by a set of equations (equations of ) 0 of T2

motion with constant acceleration) | ZA— V% + 2a (x — xo)
In these equations: X —Xo = %(VO + V)t
v, is the initial velocity X — Xy =Vt — %atz
vis the final velocity
ais acceleration
tis time
x, is the initial position
xis the final position




Example: A car starts moving from rest with a constant acceleration of 2 m/s2. how long does the car take
to travel a distance of 200 m? b) what is the car’s final velocity at this point?

Solution: [
X — X() - V()t + ;—alz
2 _ .2
. the car starts moving from rest = v, =0 m/s b) Now we know: vi=vi +12a(x - Xp)
a=2m/s? X —xy=73(vo+ V)t
x=200m v,=0m/s X = xg=vt — 3ar
=7 a=2m/s?
x=200m
a) We can use the equation: t=14.14s
1 :
X =v,t+ Eat To calculate vwe can use the equation:
v=v,+at
1
200=0Xt+§><2><t2 v=0+2x%14.14
200 = 0 + t* v=28.28 m/s

t =v200=14.145



Example: A car moving with a uniform velocity of 15 m/s is brought to rest in travelling a distance of

5 m. Calculate the deceleration produced by brakes?

Solution:

" the car is brought to rest = v=0m/s
v,=15m/s

x=5m

a=">

v? = vZ + 2ax
0=152+2Xxax5
0=225+4+10a
10 a = —225

225
10

a=—22.5m/s?

a =

vV=vy+at
X — Xy = Vot + zat’
v = v + 2a(x — x,)
x —xg=5(vo + V)t

X —Xy=vt— 3af

The minus sign means that the can was slowing down (decelerating) as mentioned in the question.



Free-Fall Acceleration

* If you eliminate the effects of air on its flight, you would find that the object

accelerates downward at a certain constant rate.

* That rate is called the free-fall acceleration, and its magnitude is constant and

represented by g

* £=9.8m/s? the gvalue (acceleration) is constant

"> we can use for free-falling motion the same equations of

motion that we just learned, only with the following changes:

(1) The directions of motion is along a vertical yaxis instead of
, _ . : _ positive direction negative direction
x axis, with the positive direction of yupward. . .
(positive vand (negative vand
(2) The free-fall acceleration is always negative because it is positive y) negative y)
always downward on the y-axis, toward Earth’s center and Earth's surface

so it has the value —gin the equations



When an object is moving under the affect of Earth’s gravity, we deal with it as a “fa/ling” object (in moving
both upwardand also downward). The only difference between “falling” upward and falling downward is the

signs of the velocity vand the distance y.

The equation of motion for a free-falling object are:

V=v,+at Equation of free falling

v=1v,—gt
X — Xy = vyt + sat’ S
— Yo = Vot — = gt?
Vi=vg + 20(x — x) —) Y Yo =Rt 59
| v:=v5 =29 — Yo)
X —Xo=5(vy+ V)t .
Y=Y =5 + )t
1

Y= Yo = vt+ gt

X — Xy = vt — 3af

Remember: when you substitute gin the equations, you use g= 9.8 m/s?(do not put g=-9.8 m/s?)




Example: A man throws a ball up along a yaxis, with an initial speed of 12
m/s.

a) How long does the ball take to reach its maximum height?

b) What is the ball’s maximum height above its release point?

i
!
I
Solution: : |
I
|
a) At the maximum height, the ball | b) We can use the equation: !
. . I
stops (for a short period of time) 5 5 | I\\_ L
_ i Ve =vs5— 29y | During
before falling back again A descent,
= v=0m/s 02 =122 —2x%x9.8x y During ascent,\I : a= —gil
(1= _g" I | .I:IPEE'C
We have: 0=144—-19.6y speed decreases, | : LUEDIER SRS,
v,=12m/s and velocity 'l ';md velocity
becomes less | hecomes
£=9.8m/s? —144 e |+ more
y=—— posiuve | .
=, — gt —19.6 | nese
y=7.3m A g ' —— =0
0=12—-98t¢t y_%:vot_%gtz &
2 _ .2 _ _ -
—98t=-—12 Ve =, 129(y Vo)
Y=Y =5 +v)t 1

—-12

— — 1
t=—"=122s DI

N

Ball
v=0at—

highest point

¥ -, #p -, & o, N - ) - i
SN S AT NS A e



Graphical representation of Motion Analysis

In many types of motion, we can represent the motion graphically. In this case, graphs of
position, velocity and acceleration with time could be roughly described as shown.

Ve locity

Slope = a

Pesiiion

Slope varies

=

t "

[ i) 0 (B 0
Position-Time graph shows that the object The velocity-Time graph shows that the velocity
is moving while time elapses increases constantly (straight line) with time

{1
af f)
Slope =0

Acceleration

=
=

[

()

The acceleration-Time graph shows that the velocity increases
constantly with time, hence the acceleration is constant



Graphical representation of Motion Analysis
This example shows a journey of a bus traveling between two stops.

Position-Time Graph Analysis

25

20

1. Bus is stopping for one second ~ '
2. It then starts moving, and its position changes with time. =0
3. At “b”, the bus travels equal distances in equal time. °
4. At “c”, the bus prepares to stop, before stopping completely at “d” %o~ 17 =2 3 1 5 s[ 7 8 o
) ;’f o Velocity-Time Graph Analysis
€ 1. the bus has a velocity=0 for one second
g 2. It then starts moving, and its velocity increases with time.
= ] 3. At “b”, to “c”, the bus travels with a constant velocity.
R A 2 4. At “c”, the bus is reducing velocity, before stopping

1
r§-| 4 5 6 7 8 9
Time (s)

Acceleration-Time Graph Analysis

L wWwh e

the bus has an acceleration =0 for one second

In the time between t =1 and 3, the bus has +ve acceleration.

At “b”, to “c”, the bus has an acceleration = 0.
At “c”, the bus has negative acceleration
the bus has “zero” acceleration at “d”

completely at “d”

a

Acceleration
~

a3
3 2
= g b atd . i
5= e« —  "» — 7 N - i
g 1 2 3 4 5 (i} 7 8 9
L ¥l
= -2
L=
Z -3
—4 Deceleration—




Exercise 2 :

1. The position of an object is given as a function of time by : x = 15 + 4t - 2t3, where x is in
kilometres and t is in hours. According to this equation,

a) what is the object’s starting point?

b) what is the average acceleration during the interval fromt=1.0htot=2.0h?

c) whatis the acceleration at t=2.0 h?

2. In the morning, A student walked from the dorm to the library then to his class in the physics
building in 4 minutes. A. Calculate the distance, displacement ,average speed, and average velocity.
B. In the afternoon, he left the dorm to the cafeteria and then came back. Calculate the distance
and displacement. T e oy

0
000
M ﬂ D—l—Dm N

10 2 3 (b

-» -
[Cafeteria rPhysms



3. Raindrop fall 1000 m from a cloud to the ground.
a. How fast would the drop be moving when they struck the ground?
b. How long would it take?

4. An electron has a constant acceleration of 3.2 m/s2. At a certain instant, its velocity is 9.6 m/s.
What is its velocity after 2.5 s?

5. Onadryroad, a car with good tires may be able to brake with a constant deceleration of 4.92
m/s?

a. How long does such a car, initially traveling at 24.6 m/s, take to stop?

b. How far does it travel in this time?



Chapter 4
Motion 1n Two and Three

Dimensions



Position and Displacement

The position of an object is described by the position vector 7

: : . r
In one dimension (x-axi/s for example): /
y_

. R axis
r = X1 A
Y
In two dimensions (xy): // r
r=xi+yj
y-axis

In three dimensions (xy2): A

Y

?=xi+yj+zfc B e

X, yand zare the coordinates on the x-axis, y-axis, and z-axis, 5

respectively.
Z-axIs



Position and Displacement

If the object moves and changes its position from an initial
position 7 to a final position 75, where,

m=xii+y,j+z k and H=x,0+v,]+2z, k

then its displacement will be A7, where,
AF =Ty =T
= (xzi+y2j+zz E)— (xy T4y, f+2, k)
=t —x) 1+ —y)f+(z—2z)k

Or,
AP =AxT+Ayj+Azk

Z-axI18




Example: A rabbit runs on the ground. The coordinates (meters) of the rabbit’s position as

functions of time ¢ (seconds) are given by

x=-0.31¢2+7.2¢t+28 and y=0.22¢2-9.1¢t+30

y (m)

At t=15 s, what is the rabbit’s position vector 7 in 10
a) unit vector notation and b) in magnitude-angle notation? To locate the

20 rabbit, this is the
Solution: _4j- | X component.

40 607 8o ¥

a) To find the coordinates of the rabbit at =15 s, we substitute this
value of tin the given equations:

x=-0.31%(15)2+7.2x(15)+28 =66 m

y=0.22 %X (15)2-9.1 x (15)+30=-57m

.. T = 660 —57]

This means that the rabbit will be at the point (66, —57) at time t=15+s

(a)

This is the y component.



b) To find the vector 7 in magnitude-angle notation, we use the following

relationship (between the vector and its components):

r=Jx7 T2
V(66)2+(=57)?
V7605

m

=8

~

The angle is calculated from:

0 =tan~! (X)
X

—57
= -1
6 = tan < 6 )

= tan"1(—0.86) = —41°

The minus sign in the angle means that this angle is measured

counterclockwise.

y(m)

40

— To locate the
20 ‘ rabbit, this is the
X component.

p j X (m
40 = 60, 80 v

I
I
i
I
|
I
I
I
I
I

This is the y component.



Average Velocity and Instantaneous Velocity

As we did in Chapter 2 (motion in one dimension), we define the average velocity T)’avgand
instantaneous velocity ¥ but by using the displacement in 3 dimensions 7

displacement

average volcity = time interval

R
Vavg = A_t

But we know that A7 = Ax T+ Ay j+ Az k

g _ Axi+Ay j+Azk  Ax A Ay,\ Az +~

For example: If a particle moves through a displacement of (12 m) 7 + (3 m)j — (10 m) kin2
s, then its average velocity during that move is

A7 (12m) T+ (3m)j—(10m) k
Yavg = ap 2's

= (6 m/s) 1+ (1.5m/s)]—(5m/s)k



Average Velocity and Instantaneous Velocity
The instantaneous velocity ¥ in 3 dimensions is:

. dP
V=

, d 7
v —E(XL-I-}/]-I—Z )




Average Acceleration And Instantaneous Acceleration

When a particle’s velocity moves in 3 dimensions and changes from v; to U5 in a time
interval At its average acceleration ?im,g during Atis:
change in veloctiy

average acceleration = : ;
time interval

N v, -v] AV
a =
avy At At

The instantaneous acceleration in 3 dimensions (or acceleration) a is,
dv

i=—
dt

. d, L
aza(vxl+vy1+vzk)




Example: The position 7* of a particle moving in an xyplane is given by ¥ = (2¢3 - 5¢) i+ (6 — 7¢%)j,
calculate (a) 7, (b) ¥, and (c) a for ¢= 2 s. (d) What is the angle between the positive direction of the x
axis and the particle’s velocity at =2 s?

Solution:
a)At t=2s:

=(2 x23-5x2)1+(6-7x24j=61-106 ]

L, dx,  dy. dzs d(2t3-5¢ a6 -7t*
b)v=—tl+—y] Ekz( dt ) (dt )
At t=2s:

=(6x4—-5)1—(28%x8)J=191-224]

= (6t2—5) { + (-283) ]

- dvx A dvy A d_ =~ —> . d(6tz - 5) d( 28t3) 2
c)a—dtl+ ]+ ” k=a= - — = (12t) T+ (-84t?) j
At t=2s:

G =(12x2)1—(84x4)}=241-336]

_ _ 1 (—224 _ .
d) 8 = tan? (v—y> = tan™! (T) = tan~1(—-11.8) = -85

VUyx



Projectile Motion

V-axis

We consider a special case of two-dimensional + projectile trajectory (path)
motion: projectile motion g is the only acceleration in ’."“~‘\
’ this direction ,Q' Y
. . . . . v,y is NOT constant ’ My
In projectile motion, the particle moves with - v, 8
Voy ¢ A
initial velocity v, .
i Y
The only acceleration in this motion is the free- , e
vOX
fall acceleration g, which is downward (in the -
axis direction) = the velocity is changing in the st

y-axis direction (v,.,).

No acceleration in the x-axis direction = no In this chapter, we neglect the air effect
change in the speed in the x-axis direction (v,,) on the projectile motion
The only force acting on the projectile is the

Earth’s gravity



Projectile Motion

" the projectile motion has a constant acceleration (that is gin the y~axis direction)
. we can use the equations of motion that we learned in Chapter 2 to analyze this motion

The Horizontal Motion (in the x-axis direction)
We can calculate the horizontal distance of the projectile at time ¢from

the equation:

x = (v, cosO)t

and always the velocity in this direction is constant, and can be calculated

form,

vV, = U, c0SO

The Vertical Motion (in the y~axis direction)
We can calculate the vertical distance of the projectile at time #from the

equation:

1
y = (v, sind) t — = gt>

2

and the velocity in this direction is NOT constant,

vy =V, sinf — gt

and

vy = (v, sinf)* — 29y — o)

y-axis
A v

>

>

tis the flight time (the time since
the projectile started moving)
@is the launch angle

v, is the initial velocity

X-axis



Projectile Motion

The Horizontal Range

* The horizontal range R of the projectile is the horizontal/distance the projectile has traveled when it

returns to its initial height (the height at which it is launched).

e Rcan be calculated from, e
vz ’l/ \\\
R = —= sin(20) /’ \
g /4 N
f, \\
where, /8 \\
7/

@is the launch angle B b > x-axis

v, is the initial velocity R

* The horizontal range Ris maximum for a launch angle of 45°



Example: An object is launched from ground at a velocity of 40 m/s in a direction making an angle of 50° upward
with the horizontal.

a) What is the maximum height reached by the object?

b) What is the object’s total flight time (between launch and touching the ground agian)?

c) What is the object’s horizontal range (maximum xabove ground)?

d) What is the object’s position (horizontal and vertical coordinates) at t=2s

e) What is the object’s horizontal and vertical velocity at =2 s

Solution:
a) We have given that v, = 40 m/s and 6= 50° y-axis

£

Remember that at maximum height, the projectile (the object) stops briefly maximum height (v,= 0 m/s)
= v, =0m/s - ,,——“?\\
First, we calculate the time for reaching the maximum height: i .
vy =V, sinf — gt ' S vy %

0 =40sin50°—9.8t¢t roo Y

9.8t = 40 sin50° o %
40 sin50° 1~.50° | .

= 20snS0" _ 34 /N
t 9.8 3.1s ’ l - 4‘ > Xx-axis

Now, we can calculate the maximum height (using 7 for maximum height):

at maximum range, the object

. 1 2
y = (UO SmH) t — E gt 1s back on ground (y = 0 m)

= (40 X 5in50°) X 3.1 =~ x 9.8 x 312 =47.9m



b) When the object finishes the flight, it will reach the ground again = y=0m

y = (v, sinf) t — %gt2
0 = (40 X sin50°)t — % X 9.8 X t2
%x 9.8 x t2 = (40 X sin50°)t

§x9.8xt=40xsin50

_ 2X40Xsin50

t = = 6.25s
9.8

Vs

C)R = Y sin(20)

1600

2
R = 2 sin(2 x 50) = =2 5in(100) = 160.8 m
9.8 9.8

V-axis
A 5 .
maximum height (v,= 0 m/s)

. | X 5 :
’ : ’ ‘ > X-axis

at maximum range, the object
1s back on ground (y = 0 m)



d) We know: x = (v, cosf@) tandy = (v, sinf) t — %gtz

Soatt=2s:
x = (v, cosf)t =40 X cos50°%x 2 =514m

y = (vosiné?)t—%gtz =40><SinSO°><2—%)(9.8><22 =41.7m

e) We know that v, = v, cosf and v, = v, sinf — gt
Note that the velocity in the x
. . direction (v,) does NOT change with
v, = vV, c0s0 = 40 cos50° = 25.7? time (it is constant during the whole
flight).

Soat t=2s:

vy =V, sinf — gt = 405in50°—-9.8 X2 =11m/s



UNIFORM CIRCULAR MOTION

e A particle is in circular motion if it travels in a circular path

A particle is in uniform motion if it travels at constant (vniform) speed. The acceleration vector

.. A particle is in uniform circular motion if it travels in a circular path at constant always points toward the
center.

(uniform) speed.

* Although the speed does not vary, the particle is accelerating because the /

V a

velocity changes in direction. S

:._ -
* This acceleration is always directed radially inward. Because of this, the =,/ a
acceleration is called a centripetal acceleration.
* The magnitude of this acceleration d is , ~
The velocity v
5 vector is always
Q= v tangent to the path.
T

where,

ais the centripetal acceleration
vis the “linear” velocity of the particle
ris the radius of the circular path



UNIFORM CIRCULAR MOTION

Tis called the period of revolution, or simply the period, of the motion. It is the time for a particle to go
around the path exactly once

21r
v
where, s
T'is the period
vis the “linear” velocity of the particle @

ris the radius of the circular path | @



Example: a car moves in circular road with a velocity of 5 m/s. the radius of the road path is 30 m.
Find a) the centripetal acceleration of the car, b) the period of this motion.

Solution: Velocity
12
aja = —
T
52
= — = 0.83 m/s?
30
2Ttr
b) 7= —
%
2X3.14X30 Road
— = 37.7s

5

~
-~ -
‘‘‘‘‘‘
T ————



Chapter 5

Force and Motion |



Newtonian Mechanics

The relation between a force applied to a body, and the acceleration that occurred to that body

is called Newtonian Mechanics.

* We shall study the three primary laws of motion.

* For very high speeds of bodies, Newtonian mechanics is replaced by Einstein’s special theory of
relativity.

* For very small bodies (e.g. electrons), Newtonian mechanics is replaced by quantum mechanics.

* We assume in this chapter that all surfaces are slippery or frictionless surface, i.e. no friction

between the moving object and the surface



Force

* Before we study Newton’s laws, we must know what Force means:

» Aforce causes an object to accelerate.

—P  Force (A

» Aforce acts on an object to change its velocity. > Acceleration (a)

= The Sl unit of force is “Newton” or N
1 N = the force needed to accelerate 1 kg of mass by 1 m/s?

= The force is a vector quantity (it has magnitude and direction)



Force

~.Assume that 2 forces (F{and F;) are acting on the object
* The object will move because of all these 2 forces

— we must “add” the forces together
net

when we add forces together, we must use the vector sumrules

(from Chapter 3)

x| \ |
)

* The net forceis called resultant force (F,_,)

* The net force has the same effect as that of all the individual forces together.

* This force addition is called the principle of superposition for forces



Newton’s First Law

O If no force acts on a body, the body’s velocity cannot change; that is, the body cannot accelerate.

OR

O If no netforce acts on a body (ﬁnet= 0), the body’s velocity cannot change; that is, the body cannot
accelerate.

The body is moving with a constant
The same velocity (no acceleration)

S e

Both have acceleration =0 = ﬁnet= 0

The body is not moving
(at rest)




F0
Mass H acceleration 2
* The object with the larger mass is accelerated less

* The acceleration is inversely related to the mass . F
. o .
* If the same force F,acts on several masses, the acceleration a p—p acceleration 2

will decrease when the mass mincreases (as shown in the figure)

We can say that the mass of a body is the characteristic that

relates a force on the body to the resulting acceleration. F
— acceleration a




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

Foet = ma
where,
F..; 1s the net force acting on the body
m is the mass

a is the acceleration

In 3 dimensions, both F and d have 3 components (in x, yand zdirections):

Fnet,x = Mmay, Fnet,y = ma,, Fnet,z = mag,
The Sl unit of force is “Newton” or N 1N =(1kg)(1 m/s?)=1kgm/s? B B
Fy K
. oy m——
The Free-body diagram X
system is included in the sketch. In case of two (or more) forces act on a body, we draw a free-
diagram, in which the body is represented by a point ( ® ), and each force acting on that body = =
z |
— - X

represented by a vector arrow.



Example: a) A body is moving on a frictionless surface as shown. The mass of the body is
0.2 kg, and the force F, acting on it is 4 N. What is the acceleration of the body?

Solution:
We know from Newton’s second law that:
F=ma
L S
T T oz

b) Now, another force F,=2 N acts on the body as shown. What is the acceleration of the
body?

Solution:
We must find the resultant (net) force £, _, of both £, and F, before we can use Newton’s

second law.
Fnet:Fl_F2:4_2:2N

Newton’s second law will be:

F.,. 2
Foop=ma = a= Z: =0.2=10m/s2




c) Now, a new force F,=1 N and directed at angle &= 30° acts on the body as shown. Lo

What is the acceleration of the body? 4"3!49 X
I

Solution: N

We must first analyze the force £, (and consider only the x-axis component) Iy .

then we find the resultant force: 1_:; (0

F3, = F5c0s30 =1 X cos30 = 0.87 N

oo Fnet = ng - F2 = 087 - 2 = _113 N

F., —113
Floep=ma = a= :: =03 = —5.67 m/s?

The minus sign means the net force accelerates the body in the negative direction of the x axis




Example: Two horizontal forces act on a 2 kg block that moves over a frictionless surface which lies in an
xy plane. One force is f')l = 31 + 4. Find the acceleration of the block in unit-vector notation when the
other forceis a)F, = —3i — 4j and b) F,=-3i+ 4j

Solution:
a) First, we must find ﬁnet by adding ﬁl and ﬁz (using the component method):

- -

Fror = Fy + F, = 31+ 4)) + (=31 — 4))
=B-3)i+(4—-4)j=0
Now, we use Newton’s second law:

Fnet
F..=ma = a= =—=0m/s?

b)

Fror = F, + F, = 31+ 4)) + (=31 + 4))
=B3-3)i+(4+4)j=8]
Now, we use Newton’s second law:

Fret 8]
E = = = = = 4 7 2
net = ma a - > J m/s




Example: If a 10 kg body has an acceleration of 2 m/s?at 20° to the
positive direction of an x-axis, what are (a) the xcomponent and (b) the y
component of the net force acting on the body, and (c) what is the net
force in unit-vector notation?

Solution:

We need to analyze the acceleration a to its xand ycomponents:
a,=acos@=2xcos20°=1.88 m/s?

a,=asin 8=2 xsin 20° = 0.68 m/s?

Now we can calculate the components of the net force:

a) F,=ma,=10x1.88=18.8N
b) F,=ma,=10x0.68=6.8 N

c) The net force: F = 18.81 + 6.8]




Some Particular Forces
The Gravitational Force

* The Earth is always pulling masses toward the Earth center

-

* This force is called gravitational force F :

with magnitude F, = mg 3

and
and directed downward regardless the surface orientation W
where mis the mass of the object =

gis the gravitational acceleration = 9.8 m/s? ;

el

and

* The weight Wof a body equas the magnitude of the
gravitational force £, on the body : = Earth

FE =W or W=mg

g Fg and Ware always directed vertically downward



The Normal Force

When an object is placed on a surface, the surface pushes
the object with a normal force ﬁN

The block in the figure balances because the gravitational
force (acting downward) equals the normal force (acting
upward).

ﬁN is always perpendicular to the surface.

— \
Fy
ﬁN <
Push
Pull by

gravity

The normal force
is the force on

the block from the
supporting table.

The gravitational
force on the block
is due to Earth’s
downward pull.

Fn

- -
Normal force Fy

Fal

Pull by
gravity

(b

The forces
balance.



Friction Force

Direction of

When an object slides over a surface, the motion is resisted by the force of I
friction f.

'

it

This force is directed along the surface, opposite the direction of the motion.

This friction force will be discussed in detail in the next chapter.

Tension Force

* When ais attached to a body and pulled, the cord applies a

force Ton the body.

* This force is directed away from the body and along the cord.

 The tension in the cord is the magnitude T of the force on the

The forces at the two ends of
bOdy the cord are equal in magnitude.



Newton’s Third Law
* To every action there is an equal and opposite reaction

» When two bodies interact, the force “F g Which body A exerts on body B (the

action force) 1s equal in magnitude and opposite in direction to the force “Fg4”
which body B exerts on body A (the reaction force).

F,p=Fg, (equal magnitudes) Fig Fpa
A B

or as the vector relation,

F B = —F BA (equal magnitudes and opposite directions)

* The action force and the reaction force act on different objects.

Object on person Person on object
¥ (

Action I ' Reaction

A F -F,

b
Caronground CGround on car




Example: A block of mass 8.5 kg placed at a frictionless inclined surface with the

angle = 30°. Find

(a) the normal force acting on the block.

(b) If the block starts moving from rest on this surface, find the magnitude of the
resulting acceleration of the block.

Solution: y

"~ there 1s no friction = the only force acting on the box is its weight (or gravitational
force F,=myg)

We first choose suitable coordinates for the system Choose the x-axis parallel to the

inclined surface. Next, draw the free-body diagram to analyze the weight of the body:

F,=F,sm 60 =mgsin0 (this 1s the force that causes the motion)

F,,=F,cos 0 = m g cos 0(this is the force that is against the surface)

F,, 1s perpendicular to the surface and equal in magnitude to the “push” that the box

applies to the surface:




a) The normal force F,

Fy=F,,=mgcos 0=85X9.8 X cos30°=72.1 N

b) The force causing the motion 18 F,, = F, sin 0= m g sin 0
= the magnitude of acceleration in this direction:

__mg sin@

= g sin § =9.8 X sin 30° = 4.9 m/s?




Example: A 500 kg rocket is accelerated at a constant rate from rest to 444 m/s in 1.8 s. What is
the magnitude of the required net force?

Solution:
To calculate the force, we need to calculate the acceleration first.
" the acceleration 1s constant = we can use the equation :
v=v,+at
444 = 0+ a (1.8)

—444—2466 2
a—1.8— .6m/s

Now we can calculate the force:
F =ma

=500 x 246.6=1.2 x 10° N



Example: A car that weighs 1.3 x 10* N is initially moving at 11.1 m/s when the brakes are applied and the
car is brought to stop in 15 m. Assuming the force that stops the car is constant, find (a) the magnitude of
that force and (b) the time required for the change in speed.

Solution:
We must first find the mass and the acceleration of the car:
From the weight W of the car we can calculate the mass: W=mg =m=W/g=1.3 x10*/9.8=1327 kg
We can find the acceleration from:
v? = v2 + 2ax
0=11.1°+2xax 15

11.12
—11.12=30a = a=——0== —4.1 m/s?
The minus sign means that the car was decelerating
a) F=ma=1327%x4.1=54%x10°N
b) v=1v,+at = 0=111-41t¢t
—-11.1
—11.1=-4.1t¢t = t=——=27s

—4.1



Example: a block S with mass M =3.3 kg. The block is free to move along a . [51{);; 3
horizontal frictionless surface and connected by a cord to a second block H, with " '
mass m =2.1 kg. The cord has negligible mass. The hanging block H falls as the 7y
sliding block S accelerates to the right. Find (a) the acceleration of block S, (b) the v

Block H

acceleration of block H, and (c) the tension in the cord.

Solution: block
M= #\’l
 All the forces on the system have to be specified first as shown. \ ?
Frictionless :
ﬁulrface
m | Hanging
block H
* Then, a free-body diagram i1s drawn on each mass, and equations of
¥
motion are written. A ,,
Ry — T
— v
* We note here that the horizontal acceleration of mass M equals the L "+ X
. . N\ Sliding — |7, Hanging
vertical acceleration of mass m because both are attached to each Fes block § * | blockH
A7
other by a cord. .




* Applying Newton’s second law on the sliding block S :

o ¥

Fretx = Ma = T = Ma F 4 1y
~ =
1 1 M T . m
* Applying Newton’s second law on the hanging block H: - *Tb—x I S—
= . Sliding . = I;” ﬁ:filﬁ
Frety =T — Fgg = —ma (- 1) but F,y (weight of the mass m) = mg fes  blocks |
v
.-.T—mg:—ma 3 Ma_mg:_ma

mg = ma + Ma = mg =a(M + m)

m

R —
M+m

g

a=—2%__9g m/s?=3.8 m/s?° which is the acceleration of both M and m
3.3 kg+2.1kg

m
T =Ma =33kg x3.8— = 125N
S



Friction is a force between two surfaces that are sliding, or trying to slide, across each other.

It prevents our shoes from slipping on the pavement when we walk.

It stops car tyres from slipping on the road.

Sometimes we want to reduce friction. For example, we use oil to reduce the friction between the

moving parts inside a car engine.

Many other examples in our daily life: driving of a vehicle on a surface, applying brakes to stop a moving
vehicle, walking on the road, writing on a notebook/ blackboard, drilling a nail into a wall, lighting a

matchstick, etc...



Friction

* |If we either slide or attempt to slide a body over a surface, the motion is resisted by a bonding between the body
and the surface.
* The resistance is because of the frictional force f or simply friction.

* Friction force is always:

1) directed along the surface,
2) opposite the direction of the intended motion

Attempt to slide Sliding
stationar Stationar '
- 077 Force Force 2 -4 g i Velocity
L s — <+ f; fk >
If the body does not slide, the frictional If there is sliding (motion), the frictional

force is a static frictional force f force is a Kkinetic frictional force f



Static friction force fsz Fy

The magnitude of f . has a maximum value f < may that1s given by I

7 =y F Body is at rest
f s max~ Hs Ty Not moving

where,
L, 1s the coefficient of static friction
F), 1s the normal force

Kinetic friction force f: Fy

The magnitude of f . 1S given by

H
szluk FN Body is moving

—

where,
1, 1s the coefficient of kinetic friction
F), 1s the normal force




Example: A 2.5 kg block is initially at rest on a horizontal surface. A horizontal force F =
60 N is applied to the block as shown in the figure. The coefficients of friction for

the block and surface are #,=0.40 and 4, = 0.25. Determine the magnitude of the
friction force acting on the block.

Solution:
The block is pushing the surface with its weight W =F, =mg=2.5x9.8=24.5N

.. the normal force on the block £, =24.5N

There are 2 types of friction forces:

1) The static fraction force:

-

fsmax=HMs Fy=0.4x245=98N
Note: " the applied force F> .= the block will move (if Fwas less than £, the block will

stay at rest because the force Fis not enough to overcome the friction)

2) The kinetic friction force appears after the object moves:

fo=p, Fy=0.25%245=61N

= B

Surface




Exercise 5:

1. Given the forces F; = (106 N)X + (85 N)$ and F, = (=70 N)X + (55N)$ applied on an
object of mass 12 kg. Find:

a. The resultant force.

b. The components of the acceleration vector.

2. A box of mass m=35 kg is pulled with a force of magnitude F=140 N

horizontal floor (Figure 1). Assume friction is negligible. Calculate:
27°
a. The acceleration of the box. J/T

b. The magnitude of the normal force

Figure 1
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Chapter 7

Kinetic Energy and Work
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Kinetic Energy

* Kinetic energy K is the energy that the object gain when it moves.
» The faster the object moves, the greater is its kinetic energy.

*  When the object is not moving (stationary), its kinetic energy is zero.

* For an object of mass m and speed v, then its kinetic energy is:

K = —mv?

* The SI unit of kinetic energy is kg.m?/s? or Joule (J)

* Kinetic energy is a scalar quantity (has no direction)

For example, if a mass of 3 kg 1s moving with a speed of 2 m/s, then the kinetic energy of this mass is:

K=0.5x3x22=6]
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Example: a car of mass 1500 kg starts moving from rest with a constant acceleration of 2 m/s2. What is the car’s
Kinetic energy after a period of time of 30 s?

Solution:

The velocity of the car after =30 s is:
vV=v,+at

v=0+4+2X%x30=60m/s

The kinetic energy is:

K = 2 mv?
—va

=§>< 1500 x 602

= 2.7 x 10°]
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Example: Two identical trains move in opposite direction (on the same line) with a speed of 40.8 m/s. Each
train weighs 1.2x10% N. What is the total kinetic energy of the two trains just before the collision?

Solution: ’ ’

First we calculate the mass of each train:

W =mg
6
m=Y=22 _ 122x105kg
g 9.8

Now we find the total kinetic energy of the #wo trains:

— (1 .2 1.2
Kiotar = (Emv ) + (Emv )
Note: because kinetic energy 1s a scalar quantity,

_ 2
- mv the direction of the motion (speed) of each train
= 1.22 X 10° % 40.82 does not affect the value of its energy.
=2x10%]
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Work
If you apply a force to an object, you can either increase or decrease its velocity

Initial Final . Initial Final _)
P V, ¥ v F sk .
—» [ — = < > «— P
* The force increases the kinetic energy » The force decreases the kinetic energy
of the object. of the object.
* The force has transferred energy to e The force has transferred energy from
the object from you. the object to you.
* This is positive work. * This is negative work.

*  Work is a scalar quantity

e The SI unit of work is Joule (J)

work (T crere
117




If you apply a constant force F on an object, and thus, the object makes a displacement Zi, then you can calculate
the work W done by this force from the equation:

W=F-d (note: this is scalar product)

W = Fd cos@

where,
Wis the work done by the force F
F1s the force

d1s the displacement

@ 1s the angle between Fandd T T

'(\/
. T
/ V -
. i
Note that: to do work, there must be displacement. No work done

If you apply large force £ but no displacement happens = no work " =

A

‘ork done




positive
(0° < 6<90°)

+W = Fd cosf

.. depending on the value of &, the work W can be:

Zero negative
(60 =90°) positive (180° = 6> 90°)

il

Tl

7 7
G s
\Q d \@9
_/

Or—
aul
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Example: a force /=15 N acts on a box as shown. Find the work done by this force when the box moves for a
horizontal distance of 3 m (in the positive direction of x-axis) if (a) #=50° and (b) = 115°

Solution:
a) W = Fd cosf
=15 x 3 x cos 50°
f:
—929] Surface

The positive W means that the force is increasing the kinetic energy of the box = the speed of the box is increasing.

b) W = Fd cos0
=15x3 X cos 115°

=—191] Surface

The minus sign of W means that the force is lowering (decreasing) the kinetic energy of the box = the speed of the

box decreases.
120



Example: A block is pushed through a displacement (in meter) d=15i-— 12j along a straight path

by a force (in Newton) F=210i-150 J . How much work does the force do on the block during the
displacement?

Solution:

We can solve this problem by using the scalar product of the vectors (from Chapter 3):

- -

W=F-d
= (151—-127) - (2101 — 150 j)
= [15 x 210] + [(—12) x (—150)]
= 3150 + 1800
= 4950 ]
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Work—Kinetic Energy Theorem

* Assume there is an object with initial velocity v, (initial kinetic energy K)), then you apply work W on it. Your work
will change the object’s velocity to v,(final kinetic energy K)
* The work-kinetic energy theorem states that:
The change in the kinetic energy = the net work applied

<kinetic energy after the ) _ <kinetic energy before the

net work is done, K¢ net work, X ) = (the net work done, W)

1 . 1 5
SMVf —Smyj = w

Kf—Ki=W

AK =W

The change in kinetic energy AK (and also the work done W) can be positive or negative

-

If the net work done on a object is positive, then the If the net work done 1s negative, then the
object’s kinetic energy increases by the amount of object’s kinetic energy decreases by the amount
the work. of the work. 122




Example: two constant forces act on a box of 225 kg as shown: F,=12
N at an angle of 30° and /,=10 N at an angle of 40°. These forces
moved the box a displacement d= 8.5 m on a frictionless surface. (a)
What is the net work done on the box by these forces during the
displacement? (b) The box is initially stationary. What is its speed v,
at the end of the 8.5 m displacement?

Solution:

a) The done by F, 1s:
W,=F,dcos30°=12 x 8.5 X cos 30°=88.3J

The done by £ 1s:
W,=F,dcos 40°=10 X 8.5 X cos 40°=65.11J

..I/I/t

(%

=W, +W,=883+65.1=153.41]
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b) The speed of the box changes because its kinetic energy is changed when energy is transferred to it by the

forces F, and F,

We can use the work-kinetic energy theorem to find the box’s final velocity:

_1 o, 1,
74 = o MUf — 5 mv;

But the box was stationary before the forces acted on it = v, =0

1

W ==-mv?—0
vaf
W = = mp?
—vaf
2W
2 _
A

2W 2 X 153.4
Vp = —- = 7T = 1.17 m/s
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Example: a box is sliding in the negative direction of x-axis on a

frictionless surface. Suddenly, wind starts blowing on the box with a F F
constant force as shown, where this force F=2i- 6j. (a) Find the work 4 \ | \
done by this force during the displacement of 3 m (this means d = —31).
(b) the box has Kkinetic energy of 10 J at the beginning of displacement __ Sliding
d what is its kinetic energy at the end of d?

B I

I I
Solution: d

N Surface
a) W=F-d
W =[@2t-6p]-[(—=3D]
=2x=-3)+(—-6x0)

= —6]
The minus sign means that the force does a negative work of 6 J on the box. This means that the force transferred 6 J of
energy from the kinetic energy of the box.

b) The work-kinetic energy theorem:
Ki —K;=W
Kr =W + K;
Kr =(—6)+ 10 =4]
Less kinetic energy means that the box has been slowed
125




Power

the power due to the force is the time rate at which work is done by that force.

If a force does work Win an amount of time A7 then the average power

F

vg—A_t

w

The instantaneous power P of doing work is

Power is a scalar quantity

The SI unit of the power is J/s or Watt (W)

aw
dt

P18
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If a force Facts on an object that moves with an instantaneous velocity v, then we can calculate the instantaneous

power 7
P=F-¥
Qe,\oc\}o3
P = Fv cos0 v
where, 0
P1s the instantaneous power &,
I‘Ce

F1s the force acting on the object

v 1s the instantaneous velocity of the object

0is the angle between F and ¥
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Example: a crane takes 3.5 s to lift a box of 1500 N for a vertical
distance 7 m. (a) what is the work done by the crane during this lift?
(b) what is the average power of the crane during this lift?

Solution:

a)
W=F-d
= Fd cosf
= 1500 X 7 X cos0°
= 10500]

b)

w
Pavg ZE

~ 10500
35

= 3000 W

128
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Example: A 100 kg block is pulled at a constant speed of 5 m/s across a horizontal floor by an applied force

of 122 N directed 37° above the horizontal. What is the rate at which work is done on the block by this
force?

F

Solution: 37° vy

Remember: the rate at which work 1s done = power

P=F.¥
Note:
= Fv cosf .
" speed is constat = v=v,,,
= 122 X 5 X cos 37° = P=P,,
= 4872 W .. we can use the lows of the instantaneous power
or the average power to solve this example.

129



Example: the figure shows constant forces F; and F; acting on a box as the box
slides rightward across a frictionless floor. Force F] is horizontal, with
magnitude 2 N; force £, is angled upward by 60° to the floor and has magnitude
4 N. The speed v of the box at a certain instant is 3 m/s. What is the power due
to each force acting on the box at that instant, and what is the net power? Is the

F

net power changing at that instant?

Surface

Solution:

Power of F: P; = Fjvcosf =2 X3 Xcos180°=—-6W
Power of F: P, = F,vcos0 =4X3Xcos60°=6W
Net power: Pt = P1 + P,

=—6+6=0W
which tells us that there is no net power at this instant = no net work is done on the box = transfer of energy to or from the

box is zero = the speed of the box will remain at 3 m/s
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Chapter 8

Potential Energy and

Conservation of Energy
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Potential Energy

* The potential energy is the energy that the objects obtain because of their position or configuration (arrangement).

* Potential energy is “stored” in the object, and can transfer to kinetic energy.

For example, a spring stores potential energy when it is compressed, and then transfers this potential energy to

kinetic energy when it is released.

Released
spring
4+

Compressed Ball flies away on
spring releasing the spring

—

The compressed spring stores potential energy When the spring is released, all the stored potential
now (because of its configuration). Both the ball energy transfer to kinetic energy = the ball now is
and the spring are at rest (no kinetic energy) moving (has also kinetic energy)
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Also, when you throw an object upward, you do work on the object = the object now has velocity (and kinetic
energy)

The velocity will decrease (less kinetic energy) until the object stops at the maximum height

Now, all the kinetic energy has transferred to potential energy (because of the position of the object)

Next, the object will move downward (increase in kinetic energy and decrease in potential energy)

O
\ At this point, the object stops for a

short time. All its energy at this point is
potential energy.

Next, this potential energy will transfer
back to kinetic energy

The object 1s raising with

velocity = it has kinetic — .
energy
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 When you move an object upward from the ground (in the y-axizs direction), this object gains potential energy U/

* Assume you left the object from height y;to another height y,

* You can calculate the gravitational potential energy U from the equation:

V-axis
U=mg(y;—y) ) “.
or simply
U=mgy V=
where, & .
U'1s the gravitational potential energy Vi — > X-axis

m is the mass of the object
Z1s the gravitational acceleration
y1s the height that the object moved

Remember: All energies (kinetic and potential) are scalar quantities, and have the SI unit of Joule (J)
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Note that in the equation: | U=m gy

The height y must be measured from a reference point

For example, mass m, = 5 kg 1s placed on the ground, and
another 1dentical mass m,= 5 kg 1s placed on a table as shown in

the figure. They are lifted to the same level on the y-axis.

Ufor m,willbe: U=m, gy=5%x98x4=196]
BUT
Ufor m,willbe: U=m,gy=5%x98x3=147]

Although both masses are lifted to the same level, their potential
energies are different because each mass has a different reference

point.

— 3m

y-axis (m)
A
4 e O e O _
3
7 — 4 m
,;7'1'\
\mj}
1 _lmesesr e Bocne el en s sse s s L
0 \~¢ == »
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Example: You drop a 2 kg book to a friend who stands on the ground at distance D= 10
m below. If your friend’s outstretched hands are at distance d=1.50 m above the
ground. What is the change A Uin the gravitational potential energy of the book—Earth
system during the drop?

Solution:
The potential energy at the distance D is:

U=mgD
=2x98x10=196J

[HH) [[HH) [

The potential energy at the distance d'is:
U=mgd

=2x98x15=294]
The change in the potential energy:

AU=U—U,

1

=294 -196=-166.61J

This means that the book is loosing gravitational potential energy as it falls down 136




Conservation of Mechanical Energy

The mechanical energy £, . of an object 1s equal to the sum of its potential energy U and the kinetic energy
K:

In this part, we study only the systems with the following conditions:

1- no friction forces in our systems

2- the system 1s 7so/ated from its environment; that is, NO external force from outside the system causes energy
changes inside the system

In these systems, the total mechanical energy £, .. of the system is constant

ec
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When the object is falling, K

When the object is raising, K | ,
increases but U decreases

decreases but U/ increases

In both cases and at each point of the object’s path, the sum K+U1is always the same

N
For example, if you choose several points in the path of the object (a, b and c), you will find b}
« C
that the sum of K and U at any point is exactly equal to the sum of K and U at any other
point, which equal to the total £ .. of the object. \ at 1
4

That is,

Ka+ []a:Kb_'_[jb:Kc_'_ []c:Emec
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* .. In general, if there i1s a system that changes from state / to state 2:

E

mec,]

E

mec,2

the sum of K'and Ufor any \ _ (the sum of Kand U for any other
state of a system B state of the system

K] + ljj :K2 "/'[]2

» This means that the kinetic energy alone and potential energy alone can change, but their sum, the mechanical

energy E, ..of the system cannot change.

mec

* This result is called the principle of conservation of mechanical energy.

" the mechanical energy cannot change, this means:

AE, ..=0

mec

but we can see that,

AE, =AK+AU

|AE,  =AK+AU=0
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Example: a child of mass m is released from rest at the top of a water slide, at height A=
8.5 m above the bottom of the slide. Assuming that the slide is frictionless because of the
water on it, find the child’s speed at the bottom of the slide.

Solution:
The mechanical energy is conserved at the top £,,,..,and the bottom £, .., of the slide:
Emec,b — Emec,t
Ky *U, =K+ U,

1 L

imvb +mgy, = Emvt + mgy;
Dividing by mz:

1 1

3%+wwb=§v?+g%

1 2 1
b=5vt + 9Ye — 9Yp

2 1,
Vh =5Vt 9(Ve=Yp)
The 1nitial velocity at the top =0 = v,=0, and (y;—yp)= Ah-
S V5 = g(h)
v, =/2gh =V2Xx 9.8 X85 = 12.9m/s

2
1
2
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Work Done on a System by an External Force Jemmny e
A
\

* In the last part we learned how to deal with isolated systems (no external force or Positive W | /

work was applied from outside the system (where AE, .= 0) A
(a)
* Now, we will study the systems that have some external forces acting on them (not o System
isolated systems /. M
ystems) :] ; 1|
* In these systems: AE,, .+ 0 Negative W | ]
* In Chapter 7, we learned that: (b)

« Work Wis equal to the energy transferred to or from an object by means of a  Figure 8-11 (a) Positive work W done on

f f; the obiect an arbitrary system means a transfer of
orce acting on the opject. energy to the system. (b) Negative work

) Energy transferred to the Ob] ect is positive work. W means a transfer of energy from the
* Energy transferred from the object is negative work. system.

- in the system with external forces, we must consider the work Wdone on the system when we calculate £, .
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We will study now 2 situations of the work done by external force on the system

No Friction Involved Friction Involved
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No Friction Involved

If there 1s work W done on a system, this will change the mechanical

energy E,..of the system = £, _.1s NOT constant any more

If there is NO friction force, then the work W done on the system must

equal the change 1n its mechanical energy £, ..

W=AE,,..
or
W=AK+AU

This means that any work Wyou do on a system, must change to K or U.

Your lifting force
transfers energy to
kinetic energy and
potential energy.

/— Ball-Earth
———— SYSLET

- T
- el

! T@ x“\\
—=) | AE,..=AK+AU |

\ - _ -

- -

Figure 8-12 Positive work W is done on

a system of a bowling ball and Earth,
causing a change AE .. in the mechanical
energy of the system, a change AK in the
ball’s kinetic energy, and a change AU in
the system’s gravitational potential energy.
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Friction Involved

* We learned that is an object is moving on a rough surface, there is a [

moving

Velocity

>

friction force £, acting on the object. |_<

* Also, we learned that f =M Fy

» If an object moves as shown in the figure, then the friction appears as

“heat” or thermal energy £, in the system, and can be calculated from:

E, =t d

V<

where, i

E,, 1s the thermal energy produced by friction
1, 1s the frictional force

d1s the displacement of the object

* The work Wdone by the external force F is:

W=AE, .. +AE,

W=AK+AU+AE,,

* This means that any work you do on a system, must change to K or Uand heat (£,
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Summary

System type Equation

Isolated (no external force) AE,.=0
AE, . .=AK+AU

Not isolated (external force but no friction) | W=AE,_ .
W=AK+AU (andstillAE . =AK+

AU)

Not isolated (external force but with W=AE +AE
friction) mee T

W=AK+AU+AE,
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Example: A man pushes a wood box of mass m = 14 kg across the floor with a
constant horizontal force Fof magnitude 40 N. In a straight-line displacement of « |
magnitude d= 0.5 m, the speed of the box decreases from v, = 0.6 m/s to v=10.2 :
m/s. (a) How much work is done by force F? (b) What is the increase AE,; in the
thermal energy of the box and floor? (¢) Calculate the frictional force between
the box and the floor.

141

Solution:
a) W= Fd cosf=40 x 0.5 x cos 0° = 20 J AE,, = W——m(v2—v2)
. | S =20 — = x 14(0.22 — 0.62)
b) - the box is slowing down = there is friction between the 0] 2
box and the floor (the system in not isolated, and has friction) B
.. to calculate the change in the mechanical energy we use:
W= AEmec + AEt]J C) Eﬂ? - fl; d
Remember that: AE,,,.=AK +AU fk = %7
but there is no change in the potential energy = AU =0
— AE, .= AK=>mv? — >mv? =222
mec 2 2 0.5
- %mv2 — %mvg +AE, =444 N

1
W=-m(v?-vs) + AL, 146



Power

*  We learned in Chapter 7 that power P1is related to work W as:

w aw
Pavg = A_t and P = E

* and also, we know that: work m energy

« .. we can define the average power as:

AE
R avg E

and the instantaneous power as:

dE
dt
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Example: a crane takes 3.5 s to lift a box of a mass of 153 kg for a vertical distance 7
m. What is the average power of the crane during this lift? Assume that there is no

friction.

Solution:

* The crane applies external force on the box during lifting the box
over the ground

.. the system (box and ground) is not isolated, and has no friction:

W=AK+AU or AE,, . . =AK+AU

* The box is stationary at the ground and also will be stationary
when it reaches the 7m height = the change 1n its kinetic energy
AK =0,

SAE . =AU

mec

~T7m

—mgyr—mgy;
=mg(yr—Y))
=mgh

=153 xX98 %7
=10496J

Now we can calculate the power:

AE
Pavg - A_t
10496
35

~ 3000 VY48
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