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Introduction

Dear student
This book forms one of the pillars of the developed curriculum in physics and that works on
achieving scientific and practical aims which keep up the scientific evolution in information and
communication technology .This book also provides a link between the Facts and the concepts that
the student study and his daily community life.
This book aims to the following topics;
- clarify the relationship between science and technology in science field and its effect on development
and linking it to practical life.
- gives the student methodology of scientific thinking and moving him from the basic way of
learning to a way full of fun and motivation.
- trying to train the student for discovering through developing of the monitoring and analyzing
skills.
- gives the student life skills and applicable scientific capabilities.
- develop the concept of modern ways in maintaining the environmental equilibrium practically

and globally.

This book contains ten chapters they are:
Chapter 1 : Vectors
Chapter 2 : Linear Motion
Chapter 3 : Laws of Motion
Chapter 4 : Equilibrium and Torque
Chapter 5 : Work, Power, Energy and Momentum
Chapter 6 : Thermodynamic
Chapter 7 : Circular and Rotational Motion
Chapter 8 : Wave and Vibration Motion and Sound
Chapter 9 : Electric Current
Chapter 10 : Magnetism

And each chapter contains new concepts such as : (do you know, remember, question, think) in
addition to a big collection of different exercises and trainings questions so the student how much of
that chapter’s aims were achieved

We ask God to grant us benefit through this book, and we ask him that the basis of our work be
full of love to our country and family.

The authors
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Chapter 1: Vectors

Coordinate systems

In our practical life we need to indicate the location of an object whether it is static
or moving, and to cetermine the location of that object we use what is called “coor-
dinates”. There is several types of coordinates that we can apply. as “Rectangular
Coordinates” and “polar coordinates™

Rectangular coordinates

¥ These coordinates contain two axes (vertical axis y
| ; and horizontal axis x) which are perpendicular to each
I 1 1 X Y) other and intersect at (0,0) point that is called (origin
. The ; point) . The name of the axes is written as (x.y) to in-
vertical E dicate the location of any point on the coordinates, to
axis E denote the physical quantity and unit of measurement

| used to measure.

5 Notice figure (1},

origin point
(00 horizontal axis X

Figure 1

Polar coordinates

Sometimes the position of a point in a specific plane can be
v b expressed using another axial system, called polar coordi-
7 nates system, which is determined by distance r and angle
f that is the angle batween the distance r and the horizon-
' tal axis. So the distance r is the distance between the ori-
gin point and (x,y) point in the rectangular coordinates and
4 (6) is the angle between the straight drawn from the origin
point to the specified point and the horizontal axis x ...
Natice figure (2).

NIUN P \

Figure 2



The relation between the rectangular
and polar coordinates

The relation between the rectangular coordinates (x,y) and polar coordinates (r,2) can be
noticed in the triangle shown in figure (3).

sing =2
>
COsH = }
So it is possible to convert the flat polar axis of any point
to rectangular axis using the following relation:

V¥ =rsing
X =71'208D
The following mathematical relation can
be found: (- 7
X
And by applying Pythagoras theorem

onthe triangle: . . .
Fo=X"4y

From the previous equation ok S =

Bzample 9

It the rectangular axis of a point located in the (x,y) plane is (-3.5,-2.5) as It is shown in figure (4) .
Set the polar axis for this point, knowing that tan35.53°=0.714

Solution:
Y(m) r =\/.r ¥ +y '
r=y( 3.5P +( 2.5)°
o r=4.3m
vf \ M And to indicate the direction of the vector
/ “T" we use the relation:
-2.5m
D VDN R n Y, ¥
X —-3.5m
tan 35.53=-0.714
Figure 4

since B is located in the third quarter, notice figure (4),
then 8=215.53° while the polar axis (r.6) equal (4.3m , 215.53%

I !



Scalar quantities and vector
quantities

When you measure the quantity of something, you express the result as a number

and unit. For example your height might be 165cm, in this case this quantity has a

numerical value only which is (165),and a unit (cm). 1t is noticed that the quantities as

length has an magnitude and a unit and not related with direction similar to other

quantities as the volume of a box or the temperature of a object. Quantities that

have no direction are called Scalar Quantities, while other quantities are determined

by direction. To describe this quantity full description, must determine the direction

in addition to the magnitude and unit. For example, we say that the magnitude of ve-

hicle speed is 40 km/h toward the east. Quantities that are described by determining

their direction and magnitude are called Vector Quantities which are represented by

an arrow above the symbol to indicate that it is a vector quantsty

So the symbol of the force F and speed Tj and acceleration a .

The vector quantities are graphically represented with an arrow where:

1. The length of the arrow is proportional to the magnitude of the vector quantity
using a certain scale.

2. The direction of the arrow indicates the direction of the vector quantity.

3. The origin point which is Vector's effect point represents (starting point).

i Mathematically, the magnitude of any vector quan-
tity is expressed with the symbol |A| or A without an
arrow. For example, figure (5) is showing vector A
that has a quantity of 10 units and an angle of 37°
with respect to the x-axis in the positive direction
and affect the point (0).

37° And figure (6) is showing vector B that has a quan-
0 » x ity of 3 units and an angle of 90° with respect to the

x-axis and affect the point (0).

=

Figure 5

: . Definition:

90° | The magnitude of the vector quantity [A] is a scalar
‘ quantity (quantitative quantity) and always positive
so it is an absolute value.

Figure 6




2]
Express the following vector quantities mathematically and graphically:
1.The force F has a magnitude of 3N that affect a object in the west direction.
2.The speed T of a object has a magnitude of 5m/s making an angle of 37° west north,

Solution:

north
' AY:

™7™ B . 9 A

Figure 7

South

Figure 8

- 1-We write the magnitude of a force vectoras the following:

F=3N or |[F|=3N

The direction of the force is west, which is in the
direction of the negative x-axis.

So the force vector make an angle 6=180° with the
posifive x-axis ... notice figure (7)

2- The speed magnitude V=5m/s and its direction 37"
west north which means: 37° with vertical axis (pos-
itive y-axis) so that 6=37+90°=127° with respect to
the positive x-axis ... notice figure (8).



Some properties of Vectors

4 Equality
A = _ _
/ B It is said about two vector that are equal if they
have equal magnitudes and same direction re-
~ gardless of their starting point ... notice figure(9)

D (Vectors A, B ,C D) are equal vectors and can be

C written as:
00, / / N A =B =C =D
/

A €
A
Figure 9
¥
P If we examined figure(10) we find that vector A has
N A starting point Py and ending point Pz, and vector B
/ P has starting point Pz and ending point P4 and we
P ! can say that: X <B
A = Because vector A has a magnitude equal to vector
P B (B} and has same direction.
0.0,
=
Figure 10
Negative of a Vector
The negative of vecior A is a vector that has the
X same magnitude of A and an opposite direction of
R it ... notice figure(11) K
A The negative of veclor A is represented as -A so
that:
y The vector and the negative of the same vector
have equal magnitudes and opposite directions.
Figure 11

o) [



Multiplication of a Vector by a Scalar

By multiplying a vector by a scalar we get anothar vector that
has a new magnitude but the sama direction. iz
As showing in figure (12) by multiplying the vector A by num-
ber (3) the magnitude of the vector |A] will increase and become
3 |Al and the direction will be kept the same, In physics, there
are a lot of examples about multiplying the vectors by scalars
such as: %

- Newton's second law F =ma"

3A The relationship between the electrical force and the electric

field F =qE

i:st

Figure 12

Vectors Addition

Since the vector quantity has magnitude and direction, So the vectors addition do not obey
to Algebraic addition rule as scalar quantities.

Graphical Method

It is possible to add the vectors graphically according to the following method, rotice figure {13a)
where both vectors (A ._B') are located on the same plane which is the plane of the page, and the
length of the straight Ines of both vectors are directly proportional to the magnitude of each vector
and the arrow at the end of the vector is determining the direction of the vector,

>

/g/'

.

Figure 13a
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Figure 13b

<

(L]

Figure 13¢c

Figure 14

To add the two vectors (A+B)

Firstly, we draw the first vector A then we put the tail of
vector B on the head of vector A then we connect the tail of
vector A with the head of vector B by a straight line notice
figure (13b) and this straight line represents the summation
vector R which is called “Resultant Vector”,

—_—

R=A+B

Figure (13c) is showing another method for adding iwo vectors
(A +B ) where we draw the second vector B first then we pul the
tail of the first vector A on the head of B , hotice that the resultant
vector in this case is the same vector B , which means:

A+B=B+A4

So that vectors' addition Is commulative

It is worth mentioning that is possible to add vector A by ntself
notice figure {14). Graphically, the resultant vector in this case Is:

-

E= +,4~= .’.?

Here. R is the resultant vector, its magnitude is the double of
vectors magnitude A and has the same direction as vector A .

iy



We zlso can find the subtraction of the two vectors (_5. -8B ) as the
summation of vectors (Kand -§) so that:

A+(-B)=A-B

Figure (15) is showing that;

11]2

Figure 15

It is also possible 10 find the resultant vecter for three vectors or more that start from the same affective
point. These vectors can be added by putting the tail of the second vector on the head of the first one lhen
putting the tail of the third vector on the head of the second one and so on, then the rasultant vector

be drawn as 1o be the tail of R on the tail of the first vector and the head of R on the head of the last vector

as shown in figures (16a, 16b)

fond
D e
c =
R
resultant vector
Figure 16a
another case for summation of vectors
c
B
A
= R R
B
= =
ot resultant vector
C
Figure 16b



Vector Analysis

y Figure (17) is showing vector R that have been analyzed into
i‘ wo componenis representing two perpendicuiar vectors, one
Ey-===--5p is parallel to x-axis (called the horizontal component) repre-
o sented by the vector (R,) and one is parallel to y-axis (called
(B the vertical component) represented by the vector
- R (R,) and this is called the process of analyzing the vector to
S its components.
#  Wnere((R) .(F,)) representing two ribs in a right-angle trian-
Figure 17 gle and the resultant vector R representing the hypotenuse in
the triangle, notice figure (18), and its magnitude can be calcu-
lated by Pythagorean theorem as the following:

R Opposite R = \,'IR: + R 5
o y '
e R,
8 While the direction of R s dete R
. n r- i
R, Aduoent ) mined by angle 6. where: tan® 7”
Figure 18 -

So we could find the magnitude and the direction of the resultant vector, and to find the magnitude of its two
components (the vertical and the horizontal), we calculate the two components by the following equations:

R
The magnitude of the horizontal component: cos O=——={R_ =R cos §
R o
% R p
The magnitude of the vertical componant: sin B= —~ IR = R sin 0
Rr

Eample 9

If the magnitude of vector A s 175m and making angle 50° with x-axis
Find the components of vector A

Solution:

We represent vector A to calculate its components graphically as figure (19)
A_=Acos § (Thehorizontal component)

A, = (175m )*cos 50°
A_=(175m ) x(0.643)
A, =112.53m



>l
=

Figure 19

Which couple of the displace

A, = Asin O (The vertical component)
A, =(175m )< sin50°

y A =(175m)*(0.766)

| Ay = 134

ment vectors showing in the table are equal?

vector magnitude Direction
A 100m North East 30°
B 100m South West 30°
C 100m SouthEast 30°
D 100m East North 60°
E 100m West South 60°

Figure 20

Finding the sum of two vectors or more by

perpendicular analyzing method

The process of analyzing the vector into its two companents (the hor-
izontal over the x-axis and the vertical over the y-axis) makes the cal-
culation of the addition operatign of vectors easier. So it is possible to
add two vectors or more as A ,B,C....elc, and that is by analyzing each
vector into its two components the vertical and the horizontal. Firstly
notice figure {20), then all the horizontal components of the vectors will
be added to make the resultant horizontal component on the x-axis as:



By the same process the vertical components will be added
to make the resultant vertical componen! on the y-axis as:

R, -7 +B +C

This process is explained graphically in figure (21).

»'p Since R, and R, are perpendicular to each other so it is pos-
sible to calculate the magnitude of the resultant vector using
Pythagoras theorem:

Figure 21

R*=R;’+R,’|
And the angle that the resultant vector make with x-axis can be founded from the following relation:
R R

tan® = fan —
B=1 =

or

v . ¥

The angle of the resultant vector equal inverse tangent the ratio of y component over x
component of the resultant vector,

R,
Which means that angle 8: is the angle that its tangent equals;

To find the magnitude of the resultant vector of two vectors A B we can apply Pythagoras theorem if
the angle between the vectors A and B is 90° (perpendicular).

However, If the angle between the vectors A B s not 90° we can use sine or cosine laws as the
following:

Cosine law:

The magnituoe of the resultant vector squared equals the summation of the two vectors
squared minus the double of the multiplication of the vectors” magnitudes by cosine the
angle between them that is opposite of A .

R =A4"+B"-24B cosh




Sine law:
The magnitude of the resultant vector divided by sine of the opposite angle equals

the magnitude of one of the vectors divided by sine of the opposite angle.

R A B

siny  sine sinf3

Example &

Vector A has a length of 14cm and makes 60° with the positive x-axis, and vector B has
a length of 20cm and makes 20° with the positive x-axis.

Analyze the vectors A, B into their components then calculate the magnitude and the
direction of the resultant vector R .

Y Solution

By noticing figure (22) the magnitudes of the
vertical and horizontal components of the
vectors are:

The magnitude of the horizontal component;

A =AcosO
= l4em % cos60”
=14 x 0.5

Figure 22 =T7cm

The magnitude of the vertical component, Av = A sin®

= l4cm x sin60’

= 14 x 0.866
=12.12cm
B, = Bcos0 The magnitude of the B,, = Bsin@® The magnitude of the
horizontal component : vertical component
= 20cm x cos20° = 20cm x sin20°
=20 x 0.939 =20 % 0.342
=18.79 cm =6.84 cm



We calculate the resultant of the vertical components ¢ R
R =A +8B,

R.,. =12.12+6.84
=18.96cm
We calculate the resultant of the horizontal components i )
R,=4 +8B,
=7+ 18.79
= 25.79¢cm

The magnitude of the resultant vector gp — -~ L R~

A can be founded by Pythagoras the- e |
orem:

R = [(25.79)° + (18.96)"
R=32¢cm

R
And the direction of the resultant vecter tan g ‘

R can be founded with respect to the R
x-axis from the following relation:

\

18.96
25.79

Theta with respect to the positive x-axis: .. 8 -36

tan 0 0.735

Multiplication of vectors

Sometimes we need in physics to multiply a vector by a vector and get a scalar quantity
as a result, and other times the multiplication of two vectors give us vector as a resull, So
that we will represent two ways for vectors' multiplication, which are:

1- Scalar product (dot product):

The scalar product is called o, because the result of the product is a scalar quantity, and
also called dot product because the sign of the product in it is a dot,



The scalar product (dot product) of the vectors A . B is

known as:
A.B wch [B Cos o
B
A
gy
Figure 23
waeteareptesemstheanyebetweenﬁ.'a' as in figure
(23) and It ranges between zero and 180°.
B 7 ”
Figure (24) & showing the projection of vector B on vec-
<9 tor A which equals (B cos 8) and this projection is rep-
- —r resenting the component of vector B on the
B cose A direction of vector A
Figure 24

2- Vector product (cross product):

This kind of vectors multiplication is called vector product, because the result of vector product is a vector quan-
tity where the result of the multiplication of two vectors is a third vector that is perpendicular o the two vectors
plane A, B . Notice figure (25).

_‘A
C
The cross product is mathematically known as:
e B — — —
C=A%B
x Whereas, the magnitude of the vector ¢ s
J —_— — .
Figure 25 | C | -|A||B|Sin 6

We apply the right hand rule to determine the direction of the resultant vector of the cross product of A, B
vectors: while the fingers of the right hand are rotating from the first vector (assume A) 1o the second vector
(assume B) the thumb will show the direction of the resultant vector C.



le 8

A force that has a magnitude of 40N in the direction 37° above the horizon affected a object, so
it moved the object a displacement of 10m horizontally, Calculate the magnitude of the work that
the force do.

Wi(work) = ld:( Force) . x ( displacement)

P~ W=|F||§|cose
& 5 W =40 x 10 xcos 37
x displacement

4
Figure 26 W=40 x 10 x —€=32010ulc

Example G
A force that has a magnitude of 150N affected the lever(ab)in the point (a) which is far from the
spindle(bloy 5m, notice figure (27). Find the magnitude and the direction of the resultant vector

. | —[-; > .;E 2 |—)2“F|sin 0
x=5m A = = -
spipdle& 5% |F x X| =5 x 150 sin30°
[r)x(x) /3, !
I|F X X| =5 150 x —
R -
F x X|=375N m
Figure 27

Towards the reader this means outside the page ©
according to right hand rule.

Remember.
1 A. K*IK' IK] cos0 = A’
IAXA|-|A| |A| sin0=0
3- { .B=B. A} The dot product is commutative
{ AX B=-B X A } The cross product is not commutative
4- if A is perpendecular to B thenA. B =0
¢c0890° =0 , sin90°=1, cos0=1, sin0=0



Questions of Chapter 1

Q1- Choose the correct answer for the following:

1- The displacement vectors (A, B) have been added 10 get the magnitude of the resultant vector R . which of
the following figures shows the resultant vector in a correct way.

cd'

2- A person crossed displacement A to the southeast direction. Which of the following figures shows the correct
case of the components (A, ) (A )
Y y Y )

Ay

.

.

3- Which couples of the vectors (t—(‘.-l:. M N ) are equal.

a)jKandT
N L b) K and M
c)Cand ™
'[—(‘ ﬁ N and L

4- In the figure shown the vectors (T'( .L'.) has equal magnitudes.
Which of the following vectors represents the resultant vector?

Sunite

ooooooooo

" l) L.



5- The vectors ('lf E.N_.) are as shown in the following figure. Which of the folowing equations is

incormect?

\Tj

N

a) Equation 1.

b) Equation 2 .

c) Equations 2,3 ,
d) Equations 1,23 .

6- If the resultant vector of the vectors K, L is perpendicular to vector K (notice the figure) then the

magnitude of vector L  equals:

=1

135°

Sumits ’-g

7- Which of the following equations is incorrect for the vectors (R.

a) 8§ units
b) 4/3 units
¢) 42 units

d) 842 units
., L, M, N,P) shown in the figure?
. K:L- M - N-_3p
2 K L-MiN-@
5. s M =P
4 i e
aj Equaton 1 .

b) Equatons 1,2 ,
¢) Equations 1,2,3 .
d) Equaton 4 .



8- The following figure showing the components of the vectors (x .—B.) and the resultant vectoris R

~ ~

>

XS 4 2

Which of the figures (a), (b). (). (d) represents A + B ,

a AN
\ /
R R
a b < d
s =2,

Q2- Is it possible for a vector's component to be zero? Even though the maanitude of the vector does not
equal zera? Clarify that.

Q3- is il possible for a vector 1o have a negative magnitude? Clarify that.

04-if A +B =0 what can you say about the vectors?

Q5- under which conditions may a vector has components with equal magnitudes?
Q6- is it possible 10 add a scalar guanlity into & vector quantity? Clarify that,

Q7- if the magnitude of vector [A]=12m and the magnitude of vector [B|=9m and the magnitude of the
resultant vector [R |=3m represent thal by a graph.

Q8- if the component of vector A that s in the direction of vector B equal zero what can you say
about the vectors (A, B )?

u



Problems of Chapter 1

P 1- point A is located on the (x, y) plane, has coordinates (2, -3)
Write an expression describing the location r, of the vector (A) of this point in a vector format and draw
a graph shows the direction of that vector,

P 2- what is the dot product (A B) of the vectors (A, B) shown in the figure
[A}=4 units, [B]=5 units

X
Pa. if the magnitude of vector A" equals (6 units) in the direction of the positive x-axis, and the magnitude of

vector B equals (4 units) in the direction 307 with the x-axis and located on the (x, 9') plane. Calculate the mag-
nitude of the cross product of the vectors A xB.

oS

P <%

6 units — >
A

P4. find the components of the force (25N that has an angle 127° with x-axis knowing that:
cos 37°=08 sin 37°=0.6

S




Chapter 2: Linear motion

Motion Description

The Mechanics is one of the branches In physics that studies the motion, itinclude two main sections are:

1) Kinematics: a science that describes the objects’ metion ignoring what causes the motion,

2) Dynamics: a science thal cares aboul the causes of motion such as Force and Energy.

We will study In this chapter basic lypes of motion, where first we will get o know the concepls of location,
displacement, velocity, and acceleration of objects for motion in one dimension then we talk about mation
Intwo dimensions with some applications

Frame of Reference

My dear student you studied in previous stages that Motion
is the continuous change of the object’s location with respect
to a constant point. So il a object transferred from a place to
another means In moved. And motion has different kinds, for
example the car movement on a straight street called tran-
sition motion, and the earth rotation around Its axis called
rotational motion. and the pendulum movement is a vibratory
mofion. In our life the earth and everything on it as (trees,
streets and houses) create frame of reference for us {as-
suming the earth is constant), Notice figure (1) and it is not
possible to take tha moving objects with inconstant velocity
as frame of reference such as clouds or a moving plane or
a moving car. By jooking 1o figure (2) we say that the kids
are not in motion because they did not change their places,
so they sit on a constant boat. However, by looking to figure
(3) we say that the runners are in motion, because they are
running next to each other, so they changed their lacation
with respect to any other object that is considered as frame
of reference (as the pillar or the lines installed on the road).
So the judgment on an object, s il constant or moving? De-
pends on the place changing of the object or not, for a cerlain
point called reterence point which Is considered a fixed point
with respect to frame of reference,

figure (2)



figure (3)

Position, Displacement and Distance

Assume you met a friend, and you asked him where did he park his car?

Then he answered that it is {20m) from the school's gate in east direction. From this
sentence you will know that your friend describad the position of his car a descrip-
tion shows that the position is a vector quantity, since he determined three phrases
which are.

« 20m from the school's gate (it represents
a vector quantity).

* In east direction (it represents a vector
direction ).

* The school's gate (it represents the ref-

L L,
1 ' erence point that your friend chose).
From that we notice:
3 The position is a vector quantity, has a mag-
nitude and a specific direction with respect
10 the origin point on one of the three axes
-

of the rectangular coordinates (xy,z). We
i say the object is in motion when its position

L x;u < X g o chgnge w?th respect to a constant reference
point. Notice figure (4).




We find that the runner is in motion in a straight line on the x-axis forward the origin point (O) so he
changed his position and the vectors of his initial position X, and his final position X, _ .

The magnitude of the initial position x,«+5m and the magnitude of the final position x =+12m (the posi-
tive sign in front of the position vector magnitude means that the displacement of the object to the right
of the x-axis). The change in the position vector called displacement, so that the displacement of the

runner is the difference between the final position and the initial position (AX )

AX=X) - X1 =& =12-5=+7m

The symbol (A) means the change or the difference and it is a Latin leiter spelled Delta.
Assume that the runner moved from his initial position x=+5m in an opposile direction 1o the final
position x=+1m . 50 the displacement of the runner in this case is:

AX=R) - Xi RAS=1-5=<4m
The negative sign of the displacement means that the object displacement is in the negative direction
of the x-axis.
Otherwise, if the runner moved from his initial position x=+5m to the position (20m) the returnad to the
final position x=+5 . So the displacement (A X) of the runner in this case is zero :

AN= N\ '< = AX= 5- Aa=0)

Where the total distance that the runner cut in this case is (30m).
Because in his going he passed (d1=20-5=15m) and in his return to his initial position he passed a
distance of (15m) also so that the tofal distance (d=15+15=30m).

Average Velocity

A race car can travel same distance that a small car do, however we notice that
thelr movements are different, so how we can evaluate the motion of a moving object
onits path? Let us assume that the motion of the car shown in figure (5) is in a strai-
ght line and starts from the origin point (Q) at time (1=0).

(

ot
A
L

2w

k A2 m
figure (5)




And the direction of the motion of the car is in the positive x-axis. After some time (t=1s) the car
reach point A that is (2m) far from the origin point so its initial position (T(,-am). After time passes
(=4s) from starting the motion (from the origin point O) the car reaches point B that is {32m) far
from the origin point so its final position ('i,=32m). The total displacement that the car cut is:

(%) =(x,) - ()
And the time passed:
(ah=(t)-(t)

The average velocity can be found from the following equation:

- | X X |
an'.gl =
ll " ll
322
= =
30
= = [0m/s

"
D

The sign of the average velocity is the same as the sign of the displacement. So if the displace-
ment sign was in the positive x-axis direction then the average velocity is positive, however if
the displacement was in the negative x-axis direction then the average velocity is negative. The
average velocity 1) can be written as:
- Vi+ v
B e f
2

The graph (displacement-time) as shown in figure (6) shows the changing of the position by time
passing. And that the slope of the straight line that connect the two points (A, B) is:

AX
wn® = slope = B
Al
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L PR LT ST = W A N
ot And since the average velocity is; V.. — —

354 Al
30..
254
Then:
201 The slope of the straight line in the (displacement-
15 time) graph represents the avarage velocity:
10
5 - o
- sy lime o Ax
— E e Uy =slope = —
- o Al
figure (6)

Average speed

The ratio of the total distance traveled over the time interval is called (average
speed), and it is written as:

Distance traveled

Average Speedfy,,, ) =

The distance is a scalar quaniity (Numerical quantity) so the average speed is also a scalar
quantity.

time interval

Let us study now the difference between the average velocity and the average speed by the mo-
tion of two trucks (M, K) notice figure (7) the two trucks are moving side by side till they reach
point A at the same time and this is the initial position, after that they take different paths to reach
point B the final position so truck K takes the straight path (AB) to reach point B, while truck M
takes the second path, which is the curved path to reach the same point B. For the same time
period (10s) that truck K takes and since the distances traveled by the two trucks are different so
the distance that truck K travels through the straight path is (100m) and the distance that truck M
travels through the curved path is (130m).



rﬂnal position B initial position A ‘

fruck K
truck M

Lfigure {7 4

So the average speed for each of them can be calculated from the following relation:
The average speed for truck (K):

Distance traveled  100(m)

Average speed = = = 10m/s
8 Time interval(s) 10(s)

truck « Ky

Average speed = Distance lraveled: I 130(m) — 13m/s

Time interval 10(s)
truck ( M )

And since the paths of the trucks are different even though they have the same initial and final posi-
tions and for equal time intervals then the average velocity of both of them are equal:
The average velocity for truck (K):

— displacement traveled 7, 100(m)
. - 4 = = = 10m/s
Average velociy | (u“‘)l Time interval (At) 10(s)

i truck (K )

Average velocity | 050 = displacement traveled  _ 100(m) _ 10m/s

Time interval(At) 10(s)

i!ruck( M,

If a object traveled through a straight path then its average velocity magnitude equals its average
speed so that the speed represents the numerical amount of the velocity.




Bxample 1

The car in figure (8) started moving from rest at point (A) in the positive x-axis, it reached point C after (80s)
then retumned back in the opposite direction till it stopped at point (B) through (20s). calculate:

1- The average speed through the first period (80s).

2- The average velocity through the first period (80s).

3- The average speed through the whole period (100s)
4- The average velocity through the whole period (100s).

Movement directian Movement drection Movemendt direction B
—

figure (8)
1- When tha car moved from point A to point C:

distance traveled 600 (m) =7.5 m/s

Average speed= =
WwsIe time interval 80(s)

2- When the car moved from point A 1o point C:
The distance that car fraveled equals the displacement, so the average velocity equals the
average speed because it moved in the positive x-axis:

Average velocity = dlsplacement traveled = £00(m) = T7.5m/s

= time interval 80(s)

avp

So the speed can express that the magnitude of the scalar quantity of the velocity because
the motion in the straight line and in same direction.

3- The average speed when the car moved from A to B,

distance traveled - 600+200 = B
time interval = 80 + 20

Average speed=



4- By taking the total motion of the car from the initial position A to the final position B then its
displacement

(ax)=(x, ) -(x, }=600-200=400m

And the time it ook to travel is 1=80+20=100s

Then its average velocity become:

displacement traveled _ 400(m)
time interval 1OO(s)

' Average velocity = =4m/s

LV

g

Instantaneous velocity and
Instantaneous speed

(" x displacement 2 )
L
lz TR

To study the motion In details it needs to know the velocity of
the object at any period of time. And the velocity of a cbject
at any period of time is called instantaneous velocity.

Let us go back to the car shown in figure (8) to calculate

: M the average velocity from the (displacement-time) graph. In

Ax

. ; ts)lime ) figure (9-a) from the slope;
9 a,
(: displacement x X

— AX
v, (m/s) =slope = —
w TR

By approach point (B) to point (A by smaller values ol

both (Ax ,At). Notice the figure (9-b) we will get smaller value

AF for the line slope and also smaller value for average velocity .
__at

LT 7 Us)time

9 b,
@displacm

t By continue approaching position (8) much closer to
position (A), so the value of (Ax ,At) approach to zero fill
A the straight line become the tangent of the curve at the point
(A) notice figure (9-¢) and the slope of this line gives the
- instantaneous velocity of the car at point (&),

Lesylime
o J

9 <

figure (9)



The velocity value of a moving object at any period of time in (displacement-time) curve
is the instantaneous velocity at that time.

The number we read on the board of the car
in front of the driver indicates the mstantaneous

speed of the car and does not indicate the
direction of the car. Notice figure (10)

figure (10)

Motion with constant velocity

- If an object moved in a straight line and tra-
” g ” vel with an equal displacements through an equ-
al time intervals then it is said that the motion

of the object Is constant and velocity called
{constant velacity )

\. Om 150 m 300 m
figure {11) By noticing figure (11) we find that the car is
fir ‘|x (m) R moving in a straight line, It travels 150m every
,wo’,? 15s which means it is maving with a constant
Boo’ .............. e AX velocity 10m/s and when we draw the (dis-
200¥ ------ _ 4_&_“_.} placement- time) graph that is (x-) in figure
|ooi t (S) (12) we get a straight line and the slope of this
ko 15 30 45 » ) straight line equals the average velocity
tigure (12) a AX
v,,, = slope = T
Av(m/s) L
10 And I we draw (velocity-time) graph we get
a horizontal straight line because the velocity
0 of the car has conslant magnitude and

—
15 30 45 1(s) direction notice figure (13)
figure (13)




Acceleration

= = —-1
| e ‘... u... e St A vehicle, truck or bike can move with a con-
motion with constant velocity stant velocity and direction through intervals time

" as shown infigure(14)and it is possible to increase
7 W R the magnitude of its velocity through certain peri-
e """ "'""' od of time then its motion will be accelerating
speeding up motion and it could slow down In other time then ils

o v—s — — — — motion will be slowing down, The acceleration
e Slheo- : may cause by change in the direction of the ve-
L._ F e = locity with constant speed when the vehicle

travels on a horizontal tum (circular path) with

figure (14) constant speed then this acceleration is called
i the central acceleration and has a symbol (a))

figure{15), Acceleration: The rate of change

of velocity in a given time interval and has a

symbol [a) which is a vector quantity where

- A

B8

And when the velocity has a constant magni-
tude and direction then its acceleration equals
zero (a=0).

figure (15)
Equations of linear motion with reqular

a cceleration

a- The derivation of the displacement equation in terms of the initial and final
velocity and time:

B Ax

Vae = N
v, + VY,

Ul\‘ = 2

Since the two equations are equal then;

Ax _ Y+ Yy gy multiplying the two sides of the equation by At we get:
At 2

Ax=(3‘%°—‘) At

ia



b- The final velocity equation in terms of the initial velocity, acceleration and time:

From acceleration definition:

X Av _ V¢ - Y By multiplying both sides of the equation by At we gel.
At At

¢- The displacement equation in terms of the initial velocity, acceleration and time:

We have the displacement equation in v, + VY
terms of the initial and final velocity and Ax = — |AL
time: 2
By substitutina the final velocity from [ + ; \
the equation 'y . ¥, aAt inthe AX = hat (U' b aAt) At
previous equation we get: \ 2 y
(2vAt + a(at)”)
AX =
\ 2 J

Ax= v, At + Yha (At}

d- The final velocity equation in terms of the acceleration, displacement and initial velocity:

We have the displacement equation

in terms of initial velocity, final {Ax=% (v + v, ) At}
velacity and time:

By multiplying both sides of the 2Ax = (0 11y Al
equation by (2) we get; e

By dividing both sides of the -

equation by ( U, + V) we get: 2Ax | (0,110 = At

We substitute At in the equation o= alt

we get: p':pi.a,ZAx 'l,”‘i 5 P

Bo- M= ax2Ax [ (U +00)
n,’ :"’ = ax2 Ax

v'.’ = a'.’ 2 alAx

When the object start moving from rest then (0, = 0) then the final equation:

v, = 2aAx



Erample 2

Calculate the magnitude of the acceleration between two points that are shown in the figure for the
car in figure (16) knowing that v, =20m/s, v, =30 m/s, v, =30m/s, v, =25m/s during the following
periods of time:

1. (h=0s) and (tz=10s)between the points (K.L).
2. (l2=108) and (ty=158)between the points (L,M).
3. (ts=15s) and (t.=20s)between the points (M.N) .
4. (4=08) and (L.=208)between the points (K.N).
4 =0 1,=10s =15 1=
" (1) veloolty 1)
Solution: "
25
Since the slope of the line in the (velocity-time) graph 20
that is (v-1) in figure (18) equals the acceleration of the
object (a) The acceleration between the two points L
-
figure (16)
Ao Av vy -y
oo AL P The acceleration is positive because
eeding u
_B80-20 . ., OO
10-0
g Av Uy =Y
=2 gy = AT : The acceleration is ZERO because the
Mo T velocity is constant
30 - 30
= =0m/s*
15-10
3y 5. - BV _ Yy - Ly _ : ,
(MN) Al = = The acceleration is negative because it
5 M is slowing down
B 25 - 30 s
20-15
) 8 = Av _ by -
Al - K The acceleration is positive because
25 - 20 : speeding up
= ——— = 0.25m/s”

i



figure (18)

figure (19)

Acceleration of Gravity

Which of the two balls fall down faster?

(The heavy ball or the light one, the apple or the feather?)
It seems logical that the heavy ball fall down faster than the
light on isn't it?

In fact the (BC) scientist Aristotle answered the same

And after 19 centuries the scientist Galilel made simple ex-
periments. He throw a stone and a bird feather from the top
of the leaning tower of pizza notice figure (17) and because
ol the great influence of air friction on the feather during
falling down so the stone reached the feather first,

Then several experiments were done using relatively heavy
objects that have equal volumes and different weight and
falling down from the same height to the land in the same
exact way (constant acceleration) and in the same period
ol time ignoring their weight. And by the ahbsence of air
influence on the falling objects (like the apple and feath-
er experiment) In figure (18) it was found scientifically that
the apple and the feather reach the land together with the
same speed (with the absence of air resistance),

Free fall:

A lot of experimental scientists repeated the experiment

ol scientst Galllei following very advanced technical meth-

ods Itis a fact that is recognized now that any object falling

free fall, it falls down with a constant acceleration. Notice

figure (19). It is the acceleration caused the force of the

earth’s attraction to the object. Even though the amount of

gravity of the earth changes from a place to another near

the surface of the earth but it is estimated aboul

(9.81 m/s?) or (981 cm/s?) the acceleration due 1o the grav-

ity {on Earth's surface) has a symbol (@) and it is suppos-

ed to get that magnitude by laking a big altention to decre-
ase the air influence on the falling objects as low as possible,



4 "
That is why the whole objects that are close to the earth's sur-
face and with the absence of air influence they fall with the
same acceleration which is the gravity acceleration, g=-9.8 m/
s* which is almost (-10 m/s?) and it always has negative sign
. because it is directed down, this motion is called free fall. No-
tice figure (20).
k (bh) () )

figure (20)

Equations of the free fall

For the objects faling a free fall and by substituting (v,=0) in the linear motion equa-
tions we get:

l)! -— gt ...................(l ;‘
1 2 \
Ay = — gt? (2)
) | ]
(v, =28y (3)

« By throwing a ball vertically up then its velocity equals zero at the moment it reaches the
highest point in its path, Does that certainly mean that its acceleration equals zero?

« A car travels in a straight line in the direction of (- x-axis) with an acceleration in the direction
of (+ x-axis) does that mean the car is slowing down or speeding up?



Ezamplie 8

From the roof a building a ball fall down a free fall as shown in figure

(21) it reached the earth's surface afler a period time (3 s). calculate:

1- The height of the roof of the building.

2- The velocity of the ball at moment it collided with the earth's sur-
face and in which direction?

3- The velocity and the height of the ball over the earth's surface after
(1s) from the falling.

Assume that the magnitude of the gravity acceleration (g = -10 m/s?)

figure (21)

Solution

1- The initial veiccity v of the free fall is always equals ZERO. We apply the equation of the displacement,
acceleration and time.

y=1/2 gt
y=1/2 (-10)x(3)*=-45 m

= The negative sign means the displacement of the ball directed downward then the height of the building's
roof over the earth's surface is (h= +45m)

2- To calculate the velocity at the moment it collided the earth’s surface. We apply the velocity, acceleration
and time equation:

v, = v, +gxt
v, =0+ 10,3 = 30m/s
« The negative sign means the velocity of the ball directed downward .

3- To calculate the velocity of the ball after (1s) from its falling we apply the velacity, acceleration and time
equation:

v, = v +gt
v, =04 10,1 = 10m/s

» The negative sign means the velocity of the ball is directed downward and to calculate the height of the
ball over the earth’s surface after {1s), we should calculate the displacement from its falling point:

y=1/2 gt°
y=1/2 (-10)x[1)*=-5m

= Then the height of the ball over the earth’s surface (h=45-5=40m)



Bxample @

From a point on the earth's surface a small ball was thrown vertically
up with a speed (40m/s), figure (22) (ignoring the air influence on the
ball). Calculate:

1- The highest height the balil can reach over the earth’s surface.

2- The time the ball takes from the moment it is thrown till it reaches * ‘
its highest height . t
3- The velocity and the height over the earth’s surface at (1=2s).
4- Its velocity at the moment it collide the earth’s surface.

l

Solution

1- The moment the ball reaches the highest height over the earth's
%Lhreface its final velocity will be (v, =0)
n:

vl =u7+ 28 Ay eam’s surace

0 :(-“))2 +2 i IO,'-: h

The highest height that the ball can reach over the earth's surface
h= 80m on e s J

figure (22)

2-v, =, - gxt
0 =40 10, 1,
The time that the ball takes to reach its highest height t=4s
3- To calculate the velocity after (t = 2s)irom the moment it was thrown
l" :l'l R X t
v, = 40 v 10, .2 =20m /s
To calculate the height of the ball after (t=2s) from the moment it was thrown
Ay =uxt+ ' gx(t)?
Ay =40%2 + % (-10)x (2
y=60m Then the height of the ball h=60m



4- Since the time that the ball takes to reach its highest height t=4s
We calculate the time that the ball takes to get down from its highest height to the earth’s surface. Where
(v,=0) we assume that the ball was falling a free fall from that height:

|
Ay=— &
y Zg‘
1 >
B0==(-10) 15
L0
('=-—r—=16
-J
t,=4s5

Where it is possible to find the velocity of the ball at the moment it collides the ground from the following rela-
f =V, T8

Where t is the total time that the ball takes to go up and down =8s
v, =40 +(-10)x 8
v, =—40 m/s

Motion in two dimensions (Motion in a Plane)

From the well-known examples about the motion of the ob-
jects in two dimensions is the motion of a thrown object with
an angle in the gravity fiekd like the motion of the water mol-
ecules falling from a waterfall and (the motion if the electrical
sparks) notice figures (23&24),

The idea of describing the mation of the objecis in two dimen-
sions depends on the representation of this motion on the
horizonta! (x-axis) and the vertical (y-axis) axes, and study
the motion of each dmension separated from the other one.
Since the vertical and horizontal motions do not effect on
each other so we apply the one dimension motion equations
on the two axes (x, y), and we call them the horizontal com-
ponent and the vertical component.

figure (23)




Horizontal motion of a Projectile:
The Horizontal motion of a projectile is the resultant of two kinds of motion.

The first kind is a vertical motion where the projectile velocity ((v’ Nis f‘ Rass i
changeable in magnitude and direction because of the influence of gravity | ' =

on it and the other kind is the horizontal motion where the projectile velocity | 1 =

(( v, )y has a constant magnitude and direction because there is no in- Fﬁw
fluence of gravity on it {it is perpendicular to the velocity component ({ v )
notice figure (25)) the resultant velocity of these two velocities (u'_)isgiven figure (25)

by the equation: V] =V} + 9]

Example 8

The ball k was thrown with a honzontal velocity (40 m/s) from
a vertical height h. it collided the ground with a velocity (50
m/'s) and from the same height the ball L was thrown vertically
downward as shown in figure (26) with initial velocity v

It collided the ground with a velocity (50 nvs),

Calculate the magnitude of the velocity v of ball L.

Solution

We draw both of the vertical and horizontal of the final velocity L SOmis '
components of ball k (the velocity that collided the ground - -

surface). Since the magnitude of the horizontal component of figure (26)

the Thrown velocity keep constant in its whole path:

v,= V. 40m s

ol

! =y oo

vl s i

.50,’ :(40): - UJ“

v"=-30 mvs is the vertical component for the final vesocity of ball

k and the negalive sign In front of the velocity magnitude v,
shows that it &s directed down. ’

To calculate the vertical height h we apply the egquation.

vx”-_- vz“‘ng), — (~30)*= 0+ 2 x 10, Ay

;



y=-45m _ the negative sign reprasents thal the displacement is directed downward then the height
h =45m, to calculate the initial velocity (v ) for ball L we apply the eguation:

vtylzulyl +2gAy = (50’!=v1’i | 2710y =45}
2500 =v ° + 900
v, = 1600
v, = 40m s
The negalive sign is taken because the velocity directed downward

Projectile Launched at an angle:

Each projectile with an angle upper than the
A i horizon takes a shape of parabola as shown
I T T in figure (27) its motion then in two dimensions
: £ (horizontal and vertical) in other words it moves
in a plane and from we find that the projectile
has a horizontal mofion with constant
magnitude and direction because the
horizontal component of the initial velocity

(u“) 15 the same at any point of its path.

v=w = cosf

While its vertical motion is a motion with constant acceleration (the acceleration of gravity).

So the motion would be slowing down regularty while it is ascending (because the gravity is in the
opposite direction 1o its motion). However, the motion would be increase regularly while it is descen-
ding (because the gravity is in the same direction as the projectile motion).

v, =v sinf . gt

The velocity of the projectile v atany time equals the resultant horizontal component v, and the
vertical component v,

v,= v v
Since y, is perpendicular to v, then the resultant magnitude will be calculated from:

Ay = \/\;“:4-\)\:



The Projectile equations with an angle above the horizon:

a- An equation to calculate the total time of the projectile flight:
We calculate the time that the projectile takes to reach its maximum height (t_ ) (we substitute g
with a negative sign because it is directed downward)

We apply the equation:
vl\ = U. hine = g ' i
i v v, sin®
We @t ‘(iw - _&- |
8 8

When the projectile descends from the top of its path and reach the first plane that it was thrown
from, the time it takes descending equal the time it takes ascending from the point it is thrown
from to the top of its path. So the total time that the ballistic takes from the moment it is thrown to
the moment it reaches the plane that it was thrown from double of the time that it takes to ascend
the top of its path. Then the total time equation for the projectile is:

_ 2v,sind
&

toenl

b- An equation to calculate the maximum height(R=) that the projectile can reach:
Since the vertical component of the projectile velccity with an angle above than the horizon
equals ZERQ in the highest point of its path v =0 we apply the equation:

v =uv -2gAy
0=v’sin’@ 2gh

2 - 2 cann?d

2g h = v* sin'6

v’ sin’ 6

h —J—
4

nnx

¢- An equation 1o calculate the horizontal range:

The horizontal range is the horizontal dispiacement that the projectile object travels through the
total ime and has a symbol (R) and since the horizontal velocity of the projectile has constant
magnitude and direction:

R=uvu,t
R = (v, cosH, )

|
Ay =v,t - 5 gt’

0= (v, sin(),)(-%gt2 sy o DN



w R=(v, cosO )1 *' 2sin Ocos O - sin2 0

2 ( 2
R=2Y 4in@, cos8, =>{R="L 5in20,
g =

We conclude from this law that the maximum range of the projectile crosses
launch an angle 6 equals 45° then & will be the maximum horizontal range for the ' R ==
ballistic: !

Ezample 6

A football player kicked a ball that was on the ground figure (28) its initial velocity was (v =20m/s) with an
angle (8=377) above the horizon. Calculate:

e N

The maximum height that the ball reach the ground.
The time the ball takes from the moment it is kicked unti it reach the top of s path, then the total time from
the moment it is kicked until the moment it collides the ground.
The ball horizontal range from the moment it is kicked until the moment it collides the ground.
Its velocity belore it collides the ground and in which direction?
The maximum horizontal range for this ballistic?
& N
»l' W o=0 U > .t.r“ 7 e o
ﬂ;’,: I‘a;,“ 1 O*TQ 3 Lgse=""" 0 S .k?.! o
uf iA,’:' u’{l-ﬂ." 7 thx B ."\_
| o, T 7 Rve >
i n Ox Ux e, % () 3u, %
Gy o i S~
e i Ly,
figure (28)
| - first we calculate the initial horizontal velocity componant
of the ball.
Y = Yiiia © ©OS 6

vV, =20 cos37" = 2008 — 16m s

second we calculate the vertical velocity componant to
the ball.
B = Vit ¥
v, =20 sin37" =20 0.6 = 12m/s

sin 0



Since the vebc'ty of the ball when it reaches the top vy =0 we apply the equation:

v, = v +2gAy
0=(12y"+2-10)AYy

Ay= 144/ 20

Ay=72m

Then the highest height the bail reaches over the ground is (h=7.2 m)
2 - To calculate the total time to the ball to fiy & needs first to calculate the time it fakes from the moment it is kicked
to the moment it reaches the top of its path:
U" - U“ B t
0= 12 ¢ 10y« L
t=12s
Then we calculate the time the ball takes to descend from the top of its patn unti it collides the ground {it falls a
free fall from a height h = 7.2 m] since it is directed downward then Ay=-7.2 m

Ay =t gx 1y
-7.2= % (-10)x (tz)z
-7.2= 5 (Y, y
=12s
The total time = ascending time + descending time
OR

The total time = ascending time x 2
24s5= 125 + 125
Co = 248
3- The horizontal range = the horizontal component of the initial velocity v = v

IR otul

R-16 24 - 38.4m
4 - To calculate the velocity of the ball at the moment it collides the ground v -We need to calculate the components

of this velocity and since the horizontal component of the bali velocity is constant in the whole path » = 16m s SO
we should calculate the vertical component L
U =0 g t,
yl = 0 PV 10) x 12 =-12m/s
(The negative sign means the direction of the vertical component of the final velocity I downward)
Since the verical and horizontal components are perpendicular figure (27).

2
2 -

Then : D'ZU rl)

0‘3(16)2 +( 12)
viz 256 + 144~ v =20m /s

< cos B multiplied Ly the total time

“in



To indicate the direction of the velocity we apply the trigonometric ratio:

v, - -
v, 16 4
0--37°

(The negative sign means that the angle 6 is under the horizon)

5- To calculate the maximum horizontal range for this projectile | its angle should equals 45° over the

=i

(20)'
max 10

harizon then we apply the equation:




Questions of Chapter 2

Q1/ choose the correct answer (rom the following states:
1- The motion is an expression returns to the change of the position of the object with respect 10:

a) Frame of reference
b) A star

c) Clouds

d) Sun

2- Two objects have similar shape and size but the weight of one of them the double of the other, the fell
together from a tower {ignoring the resistance of air), then:

a) The heavier object will collides the ground first and both will have the same acceleration.
b) Both will reach the ground together but the heavier will have bigger speed.

c) Both will reach the ground logether with the same speed and acceteration.

d) Both will reach the ground together but the heavier will have bigger acceleration.

3- The acceleration of the object thrown vertically upward (ignoring the resistance of air):

a) Bigger than the acceleration of the object thrown vertically downward.
b) Less than the acceleration of the object thrown vertically downward.
c) Equal the acceleration of the abject thrown verticaly downward.

d) Bigger that the acceleration of the object fallen free fall downward.

4- Imagine you are nding a bike and moving with constant speed in a straight line, and you have a small ball in
your hand, it you threw the bel vertically upward (ignoring the resistance i air), then the ball wil fall:

a) In front of you

b) Behind you

¢) Inyour hand

d) Any of the previous probabilities and that depends on the ball speed.



5- In all the following examples the car is in motion, which of them does not
have acceleration?

a) The car Is moving on a horizontal turn with constant speed (50 km/).

b) The car is moving on a straight road with constant speed (70 kmv/h).

¢) The velocity of the car is decreasing from (70 km/h) to (30 km/) through
(20s).

d) The car started from rest till it reached (40m/s) after (60s).

velocity ()

B~ When you make (velocity-time) graph the straight horizontal line drawn
in the graph represents a object motion with :

a) velocity equals ZERO.

b) constant velocity in magnitude and direction.
c) velocity in increase in magnitude regularly, - >
d) decrease in velocity in magnitude reguiarly - time (1)

displacement (X)
‘-

7- In the (displacement-time) graph the straight italic line in the
object motion i it was:

a} velocity equals ZERO.

b} constant velocity In magnitude and direction. -
c) velocity in increase in magnitude requiarly. time (1)

d} decrease in velocity in magnitude regularly .

8- A motorbike is moving on a straight line with constant slowing down then the
(velocity-time) chart for its motion is:

a) A straight line tends to the right up.

b) A straight line tends to the right down.

c) A straight harizontal line.

d) A curved line tends to above and increase by time.



9- A rock was thrown vertically upward and it reached the highest height (y)
then it fell a free tall from that height retumning to the point it was thrown from,
then its average velocity equals:

a- zer0

b- 2
[

= 2
[

|
2 [

2 )\t

10- A person is standing on the roof of a bullding and hold two balls in his
hands that have equal mass and volume (red and green) If he throw the red ball
with horizontal velocity and left the green ball to feli a free fall from the same
height then:
a- The balls reach the ground at the same time but the speed of the red one IS
bigger than the speed of the green one at the moment they reach the ground.

b- The red ball reaches the ground before the green one with a bigger speed.

c- The green ball reaches the ground before the red one with a bigger speed.
- The balis reach the ground at the same time with equal speed.

Q2/ in which kind of mation the magnitude of the average velocity equals the
magnitude of the instantaneous velocity?

Q3/ what is the magnitude of the velocity and the acceleration of a object
thrown upward when it is in the top of its path?

Q4/ if the counter put in front of the driver pointing to 70km'h for a period of
time, does that mean that the car is moving with a constant speed? Or constant
velocity? Or constant acceleration? Explain that,

Q5! clarify if the bike in the following examples has a linear acceleration or cen-
tral or both of them?

a- A bike moving with a constant speed on a straight road.

b A bke moving with a constant speed on a horizontal turn,

¢- A bike moving with a constant speed on one side of a straight road then it
turns and returns in the opposite direction with a constant speed on the other
side of the road.

ia



Problems of Chapter 2

P 1/ a car is moving with a velocity (30m/s) if the driver pressed the brakes of the car will slow
down (6 mv/s?) calculate the magnitude:

1) The velocity of the car after (2s) from pressing the brakes,
2) The time the car take to stop moving.
3) The displacement the car travels until is stop moving.

P 2/ a rock tell down a free fall from a bridge, it collided by the water surface after (2s) from the
moment it fell. Calculate:

1) The height of the bridge over the water surface.
2) The height of the bridge over the water surface after (1s} from the moment it fell.
3) The velocity of the rock at the moment it collides the water.

P 3¢ a plane is flying in the sky with a horizontal velocity (150m/s) with a height (2000m) over
the earthsurface . If a bag fall down calculate:

1) The honzontal dimension of the paint where the bag collides the earthsurface from the ver-
tical line of the point it fell from the plane.
2) The magnitude and the direction of the velocity when the bag collides the ground.

P 4/ from a point on the earth surface a rock was thrown vertically upward and it reached the top of
its path after (3s) from the moment it was thrown. Calculate:
1) The velocity that the rock was thrown by.

2) The highest height the rock reach over the earthsurface .
3) The total dispiacement and the total time through its motion.



Chapter 3: Laws of Motion

Theconcept of Force and its kinds

-

2 The force is: the effect that change or try 1o

g change the motion state of the object or the

object's shape, and the behavior of objects

depends on the resultant forcesinfluences

ﬁ\ them, for example when you kick a football by

" your foot notice figure (1) you can control the

p speed and direction of the ball and that means

the force is a vector quantity exactly like the
velocity and the acceleration.

1

£ And if you pulled out the lower side of a spring
Nomorn | that is fixed from the upper side then the spring
i | 4 will be expand. Notice figure (2).
= B As well as when the horse pulls the sled then

the sled will move toward the drag force, no-
tice figure (3).

el
J
Figure 2

Vicoustant

—'ﬁ__' The push force
The pull force =~ g

Tensile force Figure 3

=

“#*¢ "4l Compression The forcgs nas several kinds and a ot of_ in-
effects including push, pull, tensile, clipping.

rotation and torsion, Notice figure (4). The unit

of Force in the international system for units (D)

A .
( ‘ Rolation force is Newton

l PNV Force

Eu_y force 1N=1 kg m/s®

T -

Figure 4



Figure 5

Figure 6

The force can be measured using a sprng
scale notice figure (5) all the forces mentioned
effect two objects having direct contact then it is
called (contact torces)

In addition to those forces that are known in the
nature there is another kind of force where
there is no direct contact between the objects.
It is known for physicists the existence of
base-forces in the nature which are the gravity
force, the electric force, the magnetic force and
the nuclear force.

a- The gravity force:

itthe Reciprocal attraction Force DElW@en any two masses
in the universe and this force may be so strong
for other objects, like the gravity force that the
sun influences the earth notice figure (6)
which keeps the earth rotating in its orbit
around the sun even though the distance
between them and the existence of other plan-
ets between them, the earth as well imparts the
gravity to objects above its surface or close to it
surface. (And the attraction force that the planet
or the moon imparts to near objects called the
object weight).

b- The electric and magnetic forces:

As example , the electrical force between two
electrical charges as the attraction of paper piec-
es to the comb that is combed with wool notice
figure (7) and the magnetic force that appears
between two magnetic poles or the attraction of
an iron piece 1o the magnet notice figure (8).



¢« Nuclear force:

One of the base-forces that exist in nature and
it has two types notice figure (9), First type:

First type :

Figure 9a a strong nuclear force: this connect the nucleons
with each other notice figure (9a).

Second type: a weak nuclear force: this is re-
sponsible about the decay of betaparticles
that happens inside the nucleus notice figure
(9b).

Figure 9b

Inertia and mass

The scientist Galileo made a chain
of experiments where he used two
sloping planes in front of each oth-
er notice figure (10). And left a ball
to roll over from the top of the first
plane then its velocity increases
during descending and reach the
maximum in the bottom of the first
plane and when the ball ascends
the second plane its velocity de-
creases until it stops in a height
Figure 10 close to its first height, Figure (10-

a), and when he made the slope of

the second plane less than the previous one he found that the ball keep moving
and stop after it passes longer distance than the first case figure (10-b). Finally
he made the second plane horizontal, he found that the ball keep rolling on the
straight horizontal plane without stopping (in the case of no friction) figure (10-c).

2"



Figure 11

We conclude that

From these views you can define the inertia of an
object as: the object property to resist the change in his
motion state, so the velocity of the object does not change
if the total force that influences it equals ZERO and to un-
derstand the relation between the inertia and the mass of
an object imagine that you are in a stadium and two balls
were thrown to you individually the first was a table tennis
ball and the second is baseball, if you tried to catch both
of them in your hand what do you think the force that you
apply to stop their motion? Notice figure (11), you will find
then that the baseball needs bigger force to be stopped
than the force that the table tennis ball needs, because the
baseball has bigger mass then it resist more for changing
its motion state.

- The Inertia of an object depends on the body mass.

- The inertia is a propenrty that the object has which indicate the amount of resistance that the
object shows for any change in its motion state.

Newton's Laws of Motion

The scientist physical Isaak Newton built his theory about motion through three laws that are known as
Newton's Laws of Motion, where he described the forces influence on the objects motion by these

laws.

Newton’s first law:

This law I1s called Inertia law. And he reached this law depending on Gaiileo's ideas. The law

states that:

An object at rest remains at rest, or if in motion, remains in motion at a constant velocity unless

acted on by a net external force,

>

If you are sitting in a parked car, what do you feel
when the car suddenly move with acceleration to-
ward the front? notice figure (12-a) You will find that

: 33 your body rushes backward which means your body
M resisted the change in its motion state so it is trying
to remain at rest.

Figure 12a



And when the car that is moving in a straight line with constant speed and suddenly stops
you find your body rushes forward which means your body resisted the change in its veloc-
ity. Notice figure (12 b).

However, if the car you are sitting in was moving on

/ ~-\ a horizontal turn with constant speed, you find your
ﬁ body trying 10 keep his straight motion in the direc-
< . 2 tion of the tangent so it is resisting the change in the

direction of the velocity notice figure (12 ¢).

From the three previous cases we understand that
Figure 12b the object at rest remains at rest figure (12 a) and the

object in motion with a constant magnitude velocity

= %‘ ) and moving in a straight line tries 10 resist the change

in the velocity magnitude notice figure (12 b) or resist
the change in the velocity direction figure (12 c) that
is what Newton’s first law states.

Figure 12¢

Activity / lnertia
Activity tools: pen, a soft metallic ring and opened bottle.

Steps:

- Put the bottle vertically on a horizontal table's surface.

- Put the metallic ring as a vertical plane over the bottle nozzle.

- Put the pen vertically and quietly over the ring figure (13 a).

- Hit the ring by your hand fast and with a horizontal force from the middle figure (13 b).
- You find that the ring stand aside and the pen enter the bottle figure (13 c).

b
e,

Figure 13

We conclude from the activity:

1- When the ring get influenced by a horizontal force, it moved with acceleration while
the pen kept instantaneously static in its place because of the absence of friction.

2- The absence of force influence on the pen makes it keep static and fall in the bottle
by the influence of gravity force.



1- It is impossible to move a large steamer from static by a small boat influences on it with a

force, Notice figure (14).

2- The horse rider rushes forward (when the horse stop suddenly) what is the explanation of

that?

Newton’s second law:

Figure 14

We understood from Newton's first law, what happens for an objectin case obsence the

nat external forces influence it, an object at rest remains at rest, or if in motion, remains in

motion at a constant speed. While Newton's second law answers a question may be asked,

what may happen to the object when net external forces influence it?

To answer this question we do the following activity:

L | F,
acceleration nlu.'al (a)
e -ﬂﬁ'
_
L._ ==

wcceleration equal (2a)

C‘t“‘_‘,"i')-l

; I
acceleration cqunl [ E a

Figure 15

Activity (1)

The relation between tha object's accaleration and
the magnitude of the force that influences it at con-
stant mass.

Activity tools:
Helical spring, metal disc, Smooth horizontal surface

Steps:

- Fix one side of the spring with the metal disc and
hold the other side in your hand.

- Pull the disc with a horizontal force (F ) you will find
the disc moving on the horizontal surface with an ac-
celeration (a)notice figure (15 a).



- Pull the disc with a bigger horizontal force, let us assume £F=(2F ) you will find the disc
moving on the herizontal surface with bigger acceleration assumed to be (2a) so the ac-
celeration of the object doubles by doubling the total force influencing the object notice
figure (15 D).

- Pull the disc with a smaller horizontal force let us assume £F=(1/2 F,) you will find the
disc moving on the horizontal surface with smaller acceleration assumed to be (1/2 a)
notice figure (15 ¢).

We conclude from the activity:

The acceleration is directly proportional tothe net resutlant of forces that influence the object
and always directed 10 its direction, so thata « £F

With constant mass.

The relation between the acceleration of the ob-
jects and its mass with constant force.

Activity toals:
Spring scale , tw0 cubic of ice, Smooth horizontal
surface.

Steps:

- Put the ice cubic (has a mass m,) on the
Smooth horizontal surface.

- Fix one side of the spring with the cubic and hold

the other side in your hand. -

- Pull the first cubic with a horizontal force (£F) you

will find the cubic moving on the horizontal surface

with an acceleration &, notice figure (16 a).

- Put the second cubic that has a mass m, which

Figure 16 has the double of the first cubic mass, on the smooth

horizontal surface.

- Pull the second cubic that has a mass (m,=2m.)

with the same horizontal force (£F) you will find the

cubic moving on the horizontal surface with an ac-

celeration (a.) supposed to be the half of (a,) and

— @, notice figure (16 b).
&2—2-




- Put the first cubic that has a mass(m, ) over the second cubic that has a mass (m_jnotice
figure (16c). =

- Pull the group with the same horizontal force applied on the first cubic ( £F) you will find the
cubic moving on the honizontal surface with an acceleration (a,) supposed to be equal to:

-h ok
a3=au’3

We conclude: |

The acceleration of the object is inversely proportional 1o body mass with net effective

force kept constant, that is: a0 L
m

From the two conclusions we find: 2 F‘
T T

And when the magnitude of the effective force is TF=1N and the object's mass m=1kg then
the object will move with acceleration

a=1m/s-.

[ Force - mass » acceleration I

Which means E-ms this is the mathematical expression of Newton's second law.

Weight and mass

It is clear for us that all the objects on the earth are
influenced by an atiraction force toward the center of

objects is the gravity force (Fg ) and the amount of force
that the gravity that influences on the object called the
weight of the object(w), which means:

}\\"cight mass « acceleration of gravity
| W=mg

Figure 17

According to Newton's second law: F=ma

the earth, the force that the earth influences on the



So a=g for all the objects that fall free fall (as explained in chapier 2) it falls with the ac-
celeration of gravity () directed to the center of the earth (minus sign is always in front of
its magnitude). And the weight of the object changes when its distance from the center of
the earth changes according to Newton's general law that states:

Two particles attract each other with forces directly proportional to the product of their
masses divided by the square of the distance between them.

ZF o M
d_‘

First mass % second mass
Displacemant square

Gravitational force = Constant %

ZIZ c m, m,
= T
2?: is the net force the gravity

2
G : gravitational constant (6.67 x 10" 3‘;’:) )

- m,:The first mass.

- m,:The second mass.
d is the distance between the
. masses centers,
Figure 18
SOON 1504 67N Q06N
Since the amount of gravity changes by the
change of the object distance from the earth
a center so it increases when the object get
. 200 20%m sanoom  ClOSE to the center of earth. Notice figure (19).
Figure 19

T hink ¢ |

Assume you have a piece of gold has a weight (1N) and you are on the earth's surface and an
astronauts also has a piece of goid has a weight (1N) and he is on moon. Does the astronauts
and you have the same mass of gold? (Who has bigger gold mass?)

"ia



Newton’s third law:

Newton focused on the nature of the forces that
influence the objects in his third law, and clarified
that forces always couples notice figure (20), if the
first object (m,) influenced the second object with a
force (F,,) then the second object (m,) will influence
the first object with a force (F,,) and these two forces
has equal magnitude and opposite directions as:

Figure 20 F-'::x-?‘u And they are located on the same act line
and influence different two objects.

It is important to mention that the balance does not

happen because of these two forces because they

influence other two objects not only one object.

The force F_, is called action force, where the force

F., is called reaction force.

Notice figure (21), we find that the hammer influenc-

es with force F,, on the nail that is representing the

_, Action , then the reaction of the nail on the hammer

Fae

N'éwton stated his third law as the following state-

ment:

The action force is equal in magnitude to

Figure 21 the reaction force and opposite in direction

-
emember

The two force in anaction reaction are:
* equal in magnitude and opposite in direction.
* acting on different objects.

* They are a common line of action.

In our daily life there are visions that enable us to under-
stand Newton'’s third law.

* While walking on ground, the feet of the person push
him by a force that has a horizontal component direct-
ed backward and at the same time the ground push the
person's feet by a force that has a horizontal component
directed forward and this component cause the person’s
motion, notice figure (22).




* In rowing sport, the sitting in the boat push the
water backward by paddle (the action force) at
the same time the water push the paddle for-
ward (reaction force) so the boat will be pushed
forward notice figure (23).

* When the swimmer jump on the jumping board
to sink in water, we find that the swimmer push
the plate downward (action force) we see the
board reverses backwards at the same time so
it push the swimmer upward (reaction force) no-
tice figure (24).

* The rocket's rush upward is the result of the
reaction force of the gases exits from its back,
while the action force is the force that the rock-
et use to push the gases out of it. Notice figure
(25).

We all know that the earth attracting the moon, does the moon attract the earth, if yes, which
of them has bigger attraction force? Or are they equal? Clarify that.



Applications about
Newton’s Laws of motion

We will discuss the relation between the force and the acceleration of an object or
group of objects (the group of objects is called a system). i)
When an object move with constant acceleration (@) as a result of a constant force (F)
ignoring the condition that the acceleration of the object (or system) equals ZERO,
because it means balance case that we will study next chapter, let us study now the
base-forces that influences an object or a system.

t.
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a) Vertical force:

Depending on Newton's third law, when an ob-
ject was put above a surface then this surface
will influence the object with a force, notice fig-
ure (26). (In case the object is static or moving
on the surface) in the absence of such force,
the bedy will sink into the surface or go down
with acceleration notice figure (26). The vertical
force that the surface influences the object b
is called the vertical force and has a symbol (N)
and this force N is special that:

* It is perpendicular to the surface and di-
rected far from the surface.

« Itis the reaction force of the surface on
the object and its magnitude is not constant
since it equals the magnitude of the net effec-
tive force that influences the surface vertically,
and in the opposite direction to the net force
notice figure (26) it shows some of this vertical
forces.

b) Tensile force:

In our daily life when we need to move an
object we need 1o pull it by a thread, rope or
a wire and when the object get pulled by a
rope then the rope influences the object with
a force. Notice figure (27). The force that the
rope influences the object with is called ten-
sile force that has a symbol (T).



In most exercises we assume the rope (or the thread or the wire) has no weight and friction so
the tensile force is the same in all the points of the rope.

it is possible to change the direction of the tensile force using pulley and in this case the mag-
nitude does not change assuming the reels has no weight and friction. Notice figure (28).

a anmannen, . b
“Ee E—E>
Figure 28
Sl e ST c- Internal and external forces:
a)‘*—‘ P T

When we assume that the system (group of
objects) is insulated then the forces influences

o it is called external forces (F..,). Notice figure
D) iy B i m; —L (29) the surface is horizontal and smooth (fric-
tionless) so the friction force does not appear
. in it then the net vertical force equals ZERO

Figure 29 because (N = w)

Then the force?is the only external force that influences the system. However, the inter-
nal forces are the result of the intera(%ionrpe n the components of the system and it
is usually exist as couple force like: (F, -F , T, -T) where:

T Is the external forces that influences the system.

F, Is the force that mass m,influences mass m, .

T, Is the force that mass m, influences mass m, .
T is the tensile force of the rope that influences mass m,.

T isthe tensile force of the rope that influences mass m.,.

By applying Newton’s second law on the whole system:
The external forces only are faken into account without depending on the internal forces.

However, when we take the system as a split image of its components then the internal
forces that were influencing it will be considered as external forces influencing every

component in it.
|



Free body diagram

While solving an exercise in motion science (dynamic) it is important to:

Analyze the forces influencing the object or the system in a correct way, s¢ the object
(static or dynamic) will be insulated from its surrounding, then every force from the
forces influencing it will be clarified, and this method is called free body diagram. In
the following there are the forms of the forces applied cn the objects notice figure (30).
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Figure 30

T hink ¢ |

In figure (31 a) the horse is pulling a ski on the ice with a horizontal force, causing the acceler-

ation of the ski clarify the forces influencing the ski in figure (31 b). Clarify the forces influenc-
ing the horse in figure (31 ¢).

Figure 31



Example 1

Two objects, one has a mass of (2kg) and the other has a mass of (3kg) hanging vertically
with the two sides of a light rope passing over a weightless and frictionless pulley notice
figure (32). Calculate the magnitude of the two objects’ acceleration and the tensile

of the rope assuming (g = 10 m/s?)

Solution:

Figure (32 a) two objects are connected by a light
rope that passes over a frictionless pulley ,Figure
(32 b) the schematic diagram of the two objects
(m1,mz) (the tensile force is equal in the two
sides of the pulley Since the pulleyis weightiess and
frictionless)

The net force influencing the object that is going
up (2kg) is:

T-m; g=m a

T=2x1042xa

T=20+2a......(1)

While the net force influencing the object that is
going down (3kg) is:

mz g-T=mza

3g-T=3a

T=3g-3a

The left side of equation (1) equals the left side of
equation (2)

20+2a=30-3a

5a=10

a=2 m/s?

The acceleration of both objects
We substitute a in one of the equations let it be
equation (1):

T=20+2x2
T=2044=24 N

|
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Friction

When an object move on a surface or through a viscous medium like air or water,
then there will be resistance to motion as a result of interacting the object with its
surrounding this resistance is called friction force. The friction force is so important in
our daily life, it allows us to walk or run as well as it is important for the motion of the
animals and the vehicles that has wheels and it may be harmful as the friction appears
between the wheel and spindle for the bike or the car.

Friction force:

When the net external force influence an object placed on a horizontal coarse surface
and tries to move it, and because of the contact between the object's surface and the
surface placed on the protrusions between the two surfaces overlap, causing a force
inhibiting movement called friction force. Notice figure (33).

The direction of the influence of the friction force
is tangential for both surfaces and always oppo-
site to the motion direction.

And the forces that are pushing between the
two surfaces are representing the perpendicular
force on the surface that has a symbol (N) and
the experiments results showed that the friction
force appears even if the object is static. If a net

Microscopic

contact points force influenced an object and could not make
it move, then certainly there is friction force that
Figure 33 preventing the object from moving.

Since the object is still static we call the friction force in this case (static friction force)
and has a symbol f.

Its magnitude increases by the increase of the force that influences an object, until it
reaches the maximum magnitude where the object is about to move. It is found exper-
imentally that the maximum magnitude of the static friction force (1 ) is proportional to
the perpendicular force N. depending on the following relation:

-

f:i e |

Where p_:represents the static friction coefficient.



Friction

force

7.

Figure 34

Example A

When the force that influencing an object increase to
be more than the static friction force, the object starts
moving then the friction force decreases so much, then
it will be called kinetic frictional force and a symbol (f,)
notice figure (34).

The kinetic frictional force is a constant force within the
limits of small velocities, and directly proportional with
the vertical force according to the following relation:

fk=pkN.

Where p, . represents the coefficient of kinetic friction.
Itis worth to mention that the friction coefficient depends
on the nature of the two contacting objects and does not
depend on the area of the two contacting surfaces.

A box of a mass (400kg) was put on a coarse slanted surface, the surface was caught from
one of its sides and leaned over the horizon then its tendency increases gradually until the
angle of the surface becomes 3(° over the horizon, the box was about to slide, calculate:

1- The static friction force when the box is about to move.
2- The acceleration of the box if the kinetic friction coefficient is py,=0.1

Solution:
1- The object is about to move:

S fs=m e sin30°
=400 <10 x0.5
= 2000N

' 4

. A

g e »«3‘_,5.
[

30’




2- We apply Newton's second law on the box in this case

ch‘.:m;

. mgsin® -, =ma
mg sin® —p, mg cos® = ma
400 > 10 x 0.5 -p, ( mgcos30”) = 400a

2000 - 0.1 (400 x 10 x —? ) =400a

2000 - 340 = 100a
1660
a= —
400
a=4.15m/s’ The acceleration magnitude of the box

Eramplie 9

An object has a mass (150kg) was put on a horizontal surface as shown In figure (a) a pulling force
(300N) influenced it that makes an angle 37° over the horizon that made it about to move, calkculate:
1- The static friction coefficient between the object and the horizontal surface.

2- The acceleration of the object if the influencing force was doubled if the kinetic friction coefficient
(dynamic) is (p=0.1).

Solution:
1- When the bedy is about to move its static friction force
is equivalent to the horizontal component of the force;

> Fy=0

rs - FX
[, = FeosB

£~ 300 x% _ 240N



N=w-F

y

= 1500 - 300 sin® ol Fanst-
3 \37*
= 1500 - 300 x— . Fom37"
= 1500 - 180 =1320N
f, 240 i
H =——=
N 1320
=0.18

2- When the ferce is doubled F=600N, Then its horizontal component equals

F=600N

Fcos37° =600x0.8=480N

and vertical component equals:

Fsin37" =600 x0.6=360N

> Fy=0
N= w - Fsin37°
=1500-360=1140N

we calculate kinetic frictional force

=0 N
=0.1x1140=114N

According to Newton’s second law:

2 F,-ma

Fcos37° -f, =ma
480-114=150a

366=150a = a=2.44m/s"



Questions of The Chapter 3

Q1/ choose the correct statement from the following statements:

1- Net extemnal force influenced an object and caused it moving from static, if the magnitude and the direction
of this net force was known and its mass was also known then it is possible 10 apply Newton’s second law to
find:

a) The object weight

b) The object speed

c) The object displacement

d) The object acceleration

2- When a horse pull 2 pulls a vehicle then the force that cause the horse 1o move forward is:
a) The force that pulls the vehicle
b) The force that vehicle influences the horse -
¢) The force that the horse influences the ground -
d) The force that the ground influences the horse -

3- The friction force between two  contact surfaces does not depend on:
a) The force that is pushing vertically on the contact surfaces
b) The area of the contact surfaces
¢) The relative motion between the contact surfaces
d) The existence of oil between he surfaces or the absence of it.

4- If you wanted to wak on an iced ground without sliding it is better to walk with:
a) Big steps
) Small steps
¢) Circler path
d) curved Horizontal path

5- Two masses (m,, m ) are connected by a weightiess wire as shown in the figure and m, was moving on a
glaze surtace while m, Is suspended vertically with tip of the wire. Then the tensile in the wire (T):

a)T=0 ¢

B)T<m, g T
€)T=m, g



6- In the next figure the two masses (m ,m,) are connected by a weightless rope that passes
on a weightless and frictionless reel, if we assumed m =m, then the system acceleration is:

a)Equals g

b) Bigger than g
c) ZERO

d) Less than g

7- A car of a mass (m) is sliding on a surface covered by frictionless ice and oblique with an
angle 0 as shown in the figure, then the car acceleration equals:

a) g sind

b) sinb/g

c) 2g sinb
d) 1/2 g sinb

8- A vertical force (40N) is necessary to make a box of iron that has a mass (10kg) about to
move over a horizontal wooden floor then the static friction coefficient p_ will equal:

a) 0.08

b) 0.25

9- The force 10N give an object an acceleration of 2 m/s?, while the force 40N gives the same
object an acceleration equals:

a) 4 m/s?

b) 8 m/s?

c) 12 m/s?

d) 16 m/s?



10- An object of a mass (m) is suspended by a rope in the roof of an elevator if the elevator was
moving upward with constant velocity then the tensile of the rope:

a- Equals mg

b- Less than mg

c- Bigger than mg

d- Indicated from the velocity magnitude

Problems of The Chapter 3

P1/ the following figure shows tow objects (m,, m_) that are in tangency position placed on a glaze
horizontal surface, the first object mass was (m =4kg) and the second object mass (m,=2kg) if the
horizontal force F = 12N was applied it will push mass m, as in figure, find the acceleration of the
group that Is consist of the two objects

———— .Q

P2/ An object of mass 4kg is places on a coarse horizon-
tal surface and connected by a tip of a wire that passes
over a glaze weightless reel and in the other tip of the
wire an object of mass 10kg is connected vertically as
shown in figure. Calculate the friction coefficient between
the object m, and the horizontal surface when the group
move from static with an acceleration of 6 m/s®

P3/ an object of mass 1kg is suspended by a weightless
4 rope in the roof of an elevator notice the figure, calculate
T the tensile(T)of the rope when the elevator start moving:

D a- Upward with acceleration 2 m/s®
b- Downward with acceleration 2 m/s?




P4/ a horizontal force has a constant magnitude (20N) influenced an object that its mass (2kg) that
is placed on a glaze horizontal surface, calculate:

a- The speed of the object at the end of the first sacond of its motion.
b- The displacement that the object traveled through 3s from starting moving.

P5/ in the figure a person is pushing his daughter when she sits on a ski for sliding on ice. Which
of the following forces is better for the person so his daughter moves easily on the ice:

a- Push her by influencing with a force F on her shoulders with an angle 30° under the horizen.
b- Pull her with the same force F using a rope that tends 30° over the horizon

/




Chapter 4: Equilibrium and Torque

Concept of equilibrium

We notice around us that some objects are static and other objecis are dynamic and
their motion may be accelerating or has a constant speed and in a straight line. The
rigid body (the rigid body is a system of particles the distance between them remains
constant does not change with the influenca of external torques and forces). If an ex-
ternal net force influenced the rigid body, will move with acceleration, and that is ac-
cording to Newton's second law of motion a=F /m, and when the net external force that
influences the object equals ZERO ( £ F=0) then the object will be applied to Newton’s
first law (continuity law) in this case either the object will be static then it will be said the
object is static equilibrium or it will be dynamic with constant speed in straight line then
it will be said the object is dynamic equilibrium,

Transitional equilibrium

To say the object is equilibrium, two conditions must be a vailable , the first condition
(condition of transitional equilibrium) that happens when the net external forces that

influenc ing the object equals ZERO
Y F=0
(The symbol X means the sum or the net of any quantity and it is spelled summation)

And this means that the net external forces that influences an aobject at any axis form
the horizontal and vertical axes (x, y) equals ZERO that is



Example 1

In figure (1) a ball suspended by the tip of the thread, was pulled aside with a horizontal force

(15N). Calculate:
1- The tensile force of the thread
2- The weignt of the ball .

Knowing that cos53° =06, sin53° =0.8

\

. w=1 J
Figure 1

F.15N

Figure 2

Solution:

1- We draw free body diagram and point the
three influencing forces on it notice figure (1)
which are:

The weight of body W

The horizontal influencing force in the body F
Tensile force of the thread T

Since the body is in static equilibrium case, we
analyze the oblique force T to its two compo-
nents the horizontal and vertical one as in fig-
ure (2) then we apply the condition of transitional
equilibrium:

YF=0

Then the net force on the x-axis = ZERO

And the net force on the x-axis is given as:

2 F.=0

FT,.-0
.
Tcos53" 15
T x0.6-15

T-25N
The tensile force of the thread
Also the net force on the y-axis = ZERO

YE=0
,-I—,- —

yw—o



T),—w
T sin53° - w
(25) X (0.8) - W

w-20N Body's weight

Rotational equilibrium

-~ O &'
F« ----- -<\
3 o
-~
- N
Figure 3 F
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Torque

If the body was in transitional equilibrium it is
not necessary to be in rotational equilibrium,
for this reason the body can keep rotating even
though the net external forces that is influencing
it equals ZERQO.

By noticing figure (3) you will find that there are

three forces (F,, F,, F,) influencing a plate and
the extensions of these force converge at one
point (O) in the body. Since the net force equals

Zero Y F=0

Then the plate is in transitional equilibrium,
However, we notice in figure (4) that the three
forces that has equal magnitudes do not converge at
one point in this case, so the plate will rotate and
the rotational equilibrium will be approved when
the net external torques that influence the object
around a certain axis equal zero, which means
(£ T=0) where T is the torque symbol.

From the previous we conclude that any object
in static equilibrium case must be in transition-
al equilibrium and rotatonal equilibrium at the
same time.

When we open a book, door or window or when we fix the water pipes notice figure (5) we
use a force that has circular influence (rotational effect) and the rotational effect of the force is

called torque and has a symbol 1,



i

Figure 5

We also find difficulty in rotation a screw by
hand, so we use spanner to rotate the screw
notice figure (6).

The spanner generates a big rotational effect
SO it generates bigger torque than that the
hand can generates. And the point that the
force tries to rotate the object around is called
the spindle or (point of rotation).

To indicate the factors on which the torque of

the force is based.
Tools: spanner — screw — spring

Steps:

Figure 7a

* Enter the head of the screw in the nozzle of
the spanner and using the spring apply a small

force F, perpendicular to the arm of the span-
ner with distance (¢,) from the screw notice fig-
ure (7a).

* Try to rotate the screw using the spanner you
will find difficulty in rotating.



Figure 7b

©)

Figure 7¢

Figure 7d

* Double the first force to be (éT:) with same dis-
tance from the rotation spindle you will find then
ease of rotating the screw. Notice figure (7 b).

We conclude from this;

The torque of the force is directly proportional to
the force T« F

“Try to use the same force ('f-") using the spring
and make the infiuencing point with distance (¢,) in
order to make it nearer to the screw then you will
find more difficulty to rotate the screw.

Where ¢ </ notice figure (7 ¢).

* Repeat the same procedure several times, and
in every time make the influencing point nearer to
the screw you will find the amount of difficulty is
increasing to rotate the screw.

We conclude from this:

The amount of the torque of the force is directly
proportional to the vertical distange from the rota-
tion spindle, T « ¢ with constant F

—
* Apply the same force (F) on the influencing point
(¢,) in the tip of the arm as shown in figure (7 d)
but this time make the force not perpendicular to
the spanner arm (oblique force making angle 0
with the spanner arm), then the circular torque
can be given as:

t=F ¢ sinB
Try again to rotate the screw, you will find more

difficulty in rotating it whenever the angle 6 de-
ceases between the force and the spanner arm.



e * Make the force action line in parallel to

= ™ Re - the spanner arm (in this case the extension
’ : of force F) passes from the rotation center
3 notice figure (7 e). Then there will be no ro-
tational effect of the force.
Figure 7e

We conclude from this:
That there will be no torque of the force if the force or its extension passes from the

rotational center, because the influence of the force arm become zero in this case.
It was noticed in the previous activity that the torque of the force directly proportional

to each of the following:

1-Influencing force magnitude.
2-The vertical distance (¢)from the influencing point of the force to the rotation spindle.

3-The angle () between force action line and the line which reach between
the rotation point (spindle) and the point force effect.

t=F ¢ sind

To calculate the force amm (torque arm)
we draw a straight line connecting be-
tween the force action line and the dis-
tance perpendicular to it from the rotation
spindle then we get right-angled triangle
ABO...

Notice figure (8) were the force arm is the
rib AO equals (¢ sinf))

Then the torque: = |/ Sin B

Torque is a vector

From our study 1o vectors in chapter 1 we knew that
the product of two vectors may be scalar quantity like
the dot product _g:f -d or vector quantity like the cross
product A=F xd and since the torque is the result of
the cross product of the position vector r totheforce
vector F notice figure (9) it is written as the following

equation:

— —

T=rx




And the direction of the forque is perpendicular to the plane that contain (E,-r‘i as in figure (9)
and to indicate the torque direction we apply the right-hand rule notice figure (10).

Figure 10
O ] A
Figure 11
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Figure 12

It worth to mention that the torque is al-
ways relative to a particular reference
point, if a change in the position of that
point happened the torque relatively
change as in figure (11).

For example the torque of the force F
is ZERO relative to the rotation point
(O) but the torque of that force does not
equal zero if point A was taken as the
rotation point then:

?:(Cﬁ)x?

from that we understand that it is
enough to say (the torque of the force F
but we must say the torgque of the force F

with respect to the point (O) or around the point (O) or any other point.

By noticing figure (12) you will find the force F, is trying to rotate the object around point (O)

in counter clockwise direction. However, the force ?2 is trying to rotate the object around
point (O) in clockwise direction. To differentiate between the possibilities we put positive
sign for the counter clockwise rotating torques and negative sign for the clockwise rotating
torques.



=
emember

* The torque resulted from the force influence in rotating the object baecome the maximum t__
when the force action line is perpendicular to the line connecting between the force mﬂuencing
point and the rotation spindle notice figure (13a) which is: ¢ =¥ (€ and the toque magnitude

decreases when the force action line is oblique notice (13b).

Figure 13
r - N
-"F v 90‘\
N i e /
i‘ 20 -} \{p=:=\$~ ms_-———-:‘.:—bﬁ
. (2) () ) >

* There will be no torque (r=0) when the force action line pass through the rotation point or
spindle notice figure (13¢) which means:

: G - SURY )

T hink ? |

The forces shown in figure (a, b) causing less torque for the spanner in rotating the screw
even though the forces' magnitudes are equal.

() A

Brample 2

If the magnitude of the applied force on the spanner of length (0.2m) equals (20N) figure (14)
calculate the resultant torque of this force.

4 0.2m ~ Solution:

We analyze the force F to its two compo-
37 nents (F ) the parallel component to the arm,
and the other (F ) is the perpendicular com-
< ponent to the amm and since the horizontal
component (F ) passes through the rotation
Figure 14 point or spindle then:




T=F, x0=0: because the torque arm= zero

e

While the vertical component (F )
generates a torque tries to rotate the
spanner in clockwise direction:
t=F .{=(FsinB ).¢
T=20 X 06 x0.2=24N.m

Figure 15

Net torque and il
the rotation direction

E, / ; &
When several forces influence one object and tries to rotate .___‘__q-"

it, then the torque of each force is calculated around the PR
same rotation point, so the vector summation of individual
torques equals the net torque (T, ) notice figure (16) which
means: e - = -
Toaw = Tt + T2 +Ta + ... ~ /

Figure 16

Erample @

A solid rigid cylinder can rotate around the
horizontal axis {frictionless) a rope was rolled
around its outer perimeter that has radius
(R,) notice figure (17) if a horizontal force
(F,) directed to the right was applied and
another rope was rolled around the smaller
perimeter that has radius (R,) and the force
(F.) was applied downward from the tip of
the second rope. Calculate: the net torque
influencing the cylinder around the Z-axis if:
R=1m, R=0.5m, F =5N, F =6N

Figure 17

Solution:
The torque of force F, that is 1, is negative (because it is trying to rotate the
cylinder in the clockwise direction (Q,) then:

T, =-R,F = 1, =-1X5 =-5N.m



While the torque of force F, that is ¢, is positive (because it is trying to rotate
the cylinder in the counter clockwise dnrectoon((p) then:

T, =R, E =05%xXx6=3N.m
The net torque:
'Fnu = 1—?.2 + ‘—t.l
3t = R,F, - RF,
=0.5%6-1x5
31 =-2N.m

Since the net torque has negative sign that means the cylinder is rotating in
the clockwise direction.

Exanple 4

A regular ladder has a length of ¢ and a mass (m)
based on a glaze vertical wall notice figure (18) and
the static friction coefficient between the floor and

the ladder was (p==0.4) find the smallest angle 8
without the ladder slides.

Solution:
From noticing the figure (18) the ladder is static and
based on a glaze vertical wall.

: o oo
Figure 18

Then it is in equilibrium under the influence of four forces which are:
P= the reaction of wall on the ladder.

N= the reaction of floor on the ladder

-f:z the friction force between the floor and the bottom of the ladder
mg = the weight of the ladder

Since the ladder is in static equilibrium we apply the first condition of equilibrium.
dYF, =0=1f -P =0
. p=fandf =N



P=P3N ................. ( 1 )

L M = L - K, Dividing equation (1) by equation (2):
mg N mg

Since the ladder is in rotational equilibrium we apply the second condition of
equilibrium and we take the point (O) as a center for torques:

zt =) =>P£sin9-mg(§ CosO )=0

sin ® mg
cos g 2P By substituting the value
1 of . L
tan g= tan 6= — mg
9= 2x0.4
=1.25

=8 = 51° The angle of the ladder with the floor is the smallest angle
without the ladder slide.

Couple

By rotating the steering wheel, the handiebar or the
water tap you apply two forces that has equal mag-
nitudes, opposite directions, parallel and do not have
mutual action line and these two forces represent what
is called couple notice the figure (19}, and there are a
lot of other applications in our practical life for example
when you rotate the key of the door or when you use
changing tire key.

Figure 19



And 10 calculate the couple torque, the torques of forces can be taken around any point between
the two forces then their torques will be added because they work to rotate the arm in the same
direction, and the simplest way to calculate the couple torque is to multiply one of the forces by
the perpendicular distance between them.

By noticing figure (20) we can understand from it how to choose the point that represents the ro-
tation spindle, since its position does not affect the magnitude of the couple torque.

F - 6N
solason spindle

ALy ®C B

lc—?.m—’<—-2m—- F-6N
F- 6N e e

Al en 1B
N - Im
F-6N
F = 6N
roticnspincie
A9 UB
l«— im — Figure 20
F-6N
And we can calculate the couple torque of figure (20) as follows:

floul = fl + f)

The couple torque = one of the forces multiplied by the perpendicular distance between them.
Tiow =F(AC +CB)=F(AD +DB)=FxAB
Tiom =6%(24+2)=6%X(1+3)=6%x4
T =24Nm

o4l



Center of mass

Every rgid body has dimensions is a system of particles, its motion described with
respect to an important point called the body's center of mass and it is the point that
is supposed to be the summation of the body’s particles' masses (m} centered in, has

a symbol (Cm).

Cm

Figure 21

Figure 21b

Cn} i} :

Figure 21c

Assume the system of particles contain cou-
ple of particles connected together by a light
stalk (weightless)and the center of mass is lo-
cated on the line that is connecting the two
particles and it is nearer to the bigger mass,
notice figure (21).

If the force F influenced the stalk on a point
nearer the smaller mass, then the system will
rotate in clockwise direction by the influence
of the torque of that force notice figure (21a).

If the influence of the same force F was on a
point nearer to the bigger mass then the sys-
tem will rotate in counter clockwise direction
notice figure (21b).

However, if the force E influenced on the cen-
ter of mass of the system, in this case the sys-
tem will move with acceleration:

As shown In figure (21c) and this is similar to
the case when the net external force influence
an object that its mass (m) is centered in that
point and it is the center of mass.



It worth to mention that the center of homogeneous and symmetrical bodies’ mass is located on
the symmetrical axis and it is the geometric center of the body like (ball, cube or cylinder...) notice
figure (22).

If the body was inhomogeneous and unsymmetrical then its center of mass is located on a point

nearer to the part that has bigger mass.

(

\

Figure 23
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i you throw a hammer in the air, you will nctice that the
hammer is rotating i its path around a cerain point which
i its center of mass(Cm) and the path of that point has the
shape of parabola and it is the path of the thrown object
itaelf notice figure (23).

Center of gravity

In the most paths of the equilibrium rigid objects,
one of the forces influencing the object is the
gravity force and it is the weight of the object
which is represented by an arrow directed ver-
tically downward (to the center of earth) and to
calculate the torque of the gravity force we as-
sume the total weight of particles that the object
consists of is coliected in one point called the
center of gravity and has a symbol (C) notice
figure (24).



The center of gravity is defined as it is the point that if an object was suspended from it in any
position the abject will not try to rotate because the net tarques influencing the object around
that point is equal ZERO and this point is the center of gravity.

The center of gravity of homogeneous and symmetrical bodies is located in its geometric center.

*» The center of gravity is a point in the body which appears that the whole weight of the body is
combined in it.

* The center of mass is a point in the body which if the action line of the force influencing the
body (or its extension) passes through it, then that force will not cause rotation.
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Questions of The Chapter 4

Q1/ choose the correct statement of the following statements.
1- The torque unit:

a- N.m
b- N/m
c- Kg.m
d- Kg/m

2- To have an equilibrium object and the two conditions be approved:
a- Z?cO, ¥7 50
b- YF>1, 570
c- EF:O, £7=0
d- $F >0, ¥7=0

3- A person pushes a door with a force (10N) influences vertically on a point (80cm) far from the
door joints, then the torque of this forcein(N'm units ) equals:

a-0.08
b-8
c-80
d- 800

4- A homogenous stalk is settied over a pillar from its middle, if two forces of equal magnitudes
and opposite directions influenced it, then the net force equals:

a-2F upward
b- 2F downward

.

c- F /2 downward
d- zero

5- In the previous question, as a result of the influence of these two forces then the stalk will:

a- Rotate

b- Remains static
c- Moves transiently
d- Moves vibrantly



6- A homogenous lever has a mass (m) notice the fig-
| ure, is suspended from the top at point (0) and this lever
| N is moving freely like pendulum, if a force F influenced
~8 the lever vertically from its free side. Then the maximum
e force of magnitude F makes the lever equilibrium and has
F an angle with the vertical axis equals;
b J a- 2mg
b- 2mg sinG
c- 2mg cosl
d- (mgi2) sind

7- A box has a weight (60N) is hanging by a rope in a
headrest notice the figure, if a honzontal force (80N) influ-
enced it then the rope will make an angle with the vertical
axis, the angle is:

a-37°

b- 45°

c- 60°

d- 53°

8- A homogenous plate has a weight (4N) and length (2m), an object of (6N) is sus-
pended to one of the plate sides notice the figure, it is horizontally equilibrium at a point
centered on it, which is away from the side that the body is suspended 1o a distance of:

— - Xpe— %

——

center point
a-0.2m v
b- 0.4m 4N

c- 0.6m !
d- 0.8m eN




Problems of The Chapter 4

P 1/ what is the amount of force T the worker need to influence the lever by to be able to
lift the weight that has a mass (20kg) shown in the figure.

P 2/ A painter is standing on a regular plane that is hor-
izontally equilibrium as shown in the figure below, the
plane is suspended from its two sides by two ropes
that have tensile forces F_, & F, and the mass of the
painter is (75kg) and the mass of the plane (20kg). If
the distance between the left side of the plane and
where the painter is standing is (d=2m) and the total
length of the plane is (5m) find:

a- The magnitude of the force EL influencing by the left
rope. -

b- The magnitude of the force F_ influencing by the
right rope.

P 3/ A painter is standing on a regular ladder that has
a length of (5m) on a height (3m) from the ground, the
ladder upper side is based on a vertical wall at a point
(4.7m) from the ground. Notice the figure, if the paint-
er weight was (680N) and the ladder weight (120N)
assuming there is no friction between the ladder and
the wall find the friction force f, between the ground
and the lower side of the ladder.

;
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P4/ two kids are sitting on a homogenous
plate fixed from the middle by a pillar as
shown in the figure. If the plate’s weight was
(40N) and influenced from the middle, and
the weight of the first kid (350N) and the
weight of the second kid (800N), find the fol-
lowing:

a- The perpendicular force F, the pillar
influences the plate by.

b- The distance L that is shown in the figure,

to make the plate horizontally equilibrium.

P 5/ a hotizontal weightiess plate has a length
of (6m) stands out of a building’s wall and
the free side of it is connected with the wall
by a rope that makes an angle (37°) with the
horizon, as shown in the figure a weight of
(300N) is suspended from its free side. What
is?

a- The tensile T in the rope

b- The reaction of the wall R on the plate

P g/ a honizontal force of (8ON) influences an
object that has a mass of (6kg) that is sus-
pended by a rope, notice the figure, what is
the magnitude and the direction of the tensile
force (T) that the rope influences the object
by 1o keep it in static equilibrium case? As-
sume (g = 10 N/kg)



Chapter 5: Work, Power, Energy and Momentum

The concept of work

All of us use the word work, but how many of us knows what is the exact meaning of
it?

The word work in general meaning is said for every mental or muscular effort that the
human do. However, in physical definition there must be a force influencing an object
and this object cuts a displacement in a parallel direction to that force or to one of its
components, for example let us assume that the force F influenced a box and could
move it (from a to b) a displacement of X as shown in figure (1) then it spent work on it.

(

Figure 1

However, if the force influenced the box in a direction
=\ making angle 8 with the displacement directionX, we

N
’
- - S analyze the force vector into two components, as in
e AL a1 G the figure(2)the horizontal component(F cos6)and the
j ’ | . vertical component(Fsin 8), if we were asked which

of the components moved the object? Which of them
done a work?

\_ = _J To answer this question notice figure (2) where we
: find that only the force component that is in the di-
Figure 2 rection of the object's displacement did the work. So

the work{w)definition becomes as the follow:

Work done W, - Force ( Ty . Displacement (X
W= (FcosB, . x
W = F.xcosb

The work is known mathematically as, the dot product of the
force and displacement vectors:

F: The vector of the constant force that influencing the object.
X: The displacement vector. .
9: The angle between the two vectors F, X.



The unit of the work depends on the units of the force and the displacement, in the
international system of unit the force mesured in newton and the displacement
in meter so the work unit is(Newton. meter) which is called Joule and the work

is a scalar quantity it can be positive, negative or ZERO.

.L.

central force

Figure 3

The sign of work depends on the angle 6 be-
tween the force and displacement vectors
and that is because the magnitudes of both F
X are always positive.

One of the examples about the forces that do
not do work (work = ZERO),

the central force because it is always
perpendicular to the displacement, notice figure
(3) and (4).

it means that F does not do work on the pail
because F has no component with the displ-
acement direction.

Figure 6

1) A person is walking horizontally and carring a
box in his hands. what is the amount of the work
done by this person? Notice figure (5).

2) what is the amount of the work ,
does the student do to push a wall? Notice figure (6).



Figure 7

A man pulls a vacuum cleaner with a force F=50N
making angle 30° with horizon notice figure (7) cal-
culate the work done by the force on the vacuum
cleaner while moving it a displacement of 3m in the
right direction.

Work done (W, = Force (F, x displacement (x, x cos @

Quastion?

W = Fxcos0

= | ¢50N) (3m) cos(30°%) |

W = 130 Joule

If the force influencing a certain object could not move it,
what is the amount of the work done by the force in this case?

Example 2

Figure 8b

The figure (8-a) is showing the weightlifter lifting
weights of 710N. And in figure (8-b) it shows the
weightlifter lifting weights for a displacement of
0.65m upward and in figure (8-c) it shows him low-
ers them for the same displacement.

if the procedure of lifting and lowering the weights
was done with constant velocity find the work done
on the weights by the weightlifter in case:

a- He lift the weights -

b- He lower the weights.

Solution:
a- In the case of lifting the weights figure (8-b), the

work done by the force F can be given from the
relation:



W =F xcos 9

W= (7]0N)(0.65)C080"

cos()" = 1
W = 460 Joule

b- In the case of lowering the weights figure (8-c), the work
done by the force F can be given from the relation:

W=F xcos0

W = (710N ,(0.65, cos180°
cosl180° = 1

W= 460]

~/

Figure 8c

From this we find that the work is negative in this case because the force vector is opposite to
the displacement direction, while the work in the case of lifting the weights is positive because
the force vector is in the same direction as the displacement.
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& X deplacemon Iy

Figure 9

Graphical representation of work

If an object was displaced horizontally by the
influence of a constant force, then it is possible
to represent the relation between the force and
displacement graphically, as in figure (9) where,
the x-axis represents the horizontal displacement(x)
and the y-axis represents the force where the
force (F) remained constant and didn’t change.

The shadowed area = the area of the rectangular
that its length is (ab) and its width (OF) that is:
The area under the curve = work

W=F X

In the previous, we studied the definition of work
that a constant force do to an object, what if more
than on force influenced the object?

In such a case we analyze each force to its com-
ponents then we calculate the work of each com-
ponent alone, then we calculate the total work
that represents the work of the net force.



Ezample 8

A person is pulling a box on a horizontal Rough
surface with constant velocity by the influence of
tensile force F that makes angle 37° with the x-axis
and move it a displacement of 5m notice figure (10-
a). If the slidingfriction force f, between the box and
the surface equals 20N. How much is the tensile
torce F and the work done by that force?

Figure 10a Solution:

From figure (10-a) we notice that the friction force
f, equals 20N and the horizontal component of the
tensile force equals Fcos37°. And since the box is
moving with constant velocity then the net horizon-
tal force influencing it is ZERO(EF =0)(according
to Newton's first law) so the work done is ZERO,
which means:

Total work = net force x displacement = ZERO,
which also means:

Figure 100

Work done by tensile force (W,) + work done by
sliding friction force (W,) = ZERO

W,=-W
the horizontal tensile force (FcosB )' equal a’nd oppsite sliding friction force f
Fcos® = f, = 20N
Fcos37" = 20N
F <08 = 20N
F=,20/0.8,= 25N
the work done by the tensile force (F) is WI
W, =Fcos37° « 5=100]



The figure (11) shows a man and a horse lifting two
different weights for a displacement of 1m by the
same time. Consider the figure (11) and answer the
following questions:

1- What is the work done by each of them individu-
ally?

2- Did the man and the horse do the same work?

3- Find the division of the work to the time for both of
them, what do you notice.

The result of the division of the work done to the time

I represents the power of each of them, where the
L d=lm| power is known as the rate at which work is done
Figure 11
Power ( Walt, = WorkJoule, Timees,
P=W/1

From the equation we notice that the power has a unit of joule/second which is known

as Watt.

And one of the common units of power is the horse power

1 horse power (hp) = 746 watt

And there is another relation for power is called the instantaneous power which is the
average power when the time duration goes to zero. So if the force that is doing the
work is constant (does not change with time), then the instantaneous power P« can

be given from the relation:

Instantaneous Power (Pi) =

work done (w) . X
l'ime (1) |

Since y=x/t and it is the instantaneous velocity, we get:

= F. v.

mnst.

P

inst.

P

Inst,

= Fuvcos6

And 0 is the angle between the instantaneous velocity vector 1{ and the force vector F.



Bxample 4

An electrical elevator is loaded with several people, is ascending upward with constant
velocity 0.7 m/s if the power that the iron wire that holds the elevator is 20300 watt. Cal-
culate the tensile force in the wire. Notice the figure (12).

1\ Solution:

The influence of the wire on the elevator is by the tensile
force directed upward during its ascending, according to
. that the force and the velocity are in the same direction
which means: the angle between them is zero (6=0) and
using the instantaneous power law we get:

3 P = F .y cosb
M) 20300 = (Fy « (0.7, « (cos0’,
Figure 12 Tensile force F = 20300 0.7 = 29000 N
Energy

The body that has the ability 1o do work has energy. And the energy is measured by the
same unit as the work (Joule). There are different kinds of energy and can be converted
to each other, such as.

1- Mechanical energy
a - Kinetic energy

b-Potential energy in its two kinds: Gravitational Potential energy and elastic Potential
energy
2- Thermal energy

3- Chemical energy
4- Magnetic energy
5- Nuclear energy
6- Electrical energy
7- Optical energy
8- Sound energy



a- Kinetic energy

The moving bodies has the ability to do work, which means it has energy, and the energy
that a moving body has called kinetic energy, the examples of it are so much, such as:
& ball falling toward the floor, a moving car, the winds, and a person running ... etc.
But the bodies wary in their kinetic energy.

What is meant by work and energy? And what

~ ~ is the relation between them? To answer this,
| = | we will find an important relation that connect
I I the work with energy as follows:
E " lawe| Ifabody of mass (m)walking in a straight hor-
. | l izontal line, was influenced by a net external
- e | - force F so its velocity changed fromv, to the
e v, v, P velocityy, and moved the displacement x no-
tice figure (13).
Figure 13 )
Then the work done on the body is;
W =F.x
Acording to newton’s second law
F= m.a W= ma,x

From motion equation with constant acceleration:

V] =V +2ax — X- (UIf — 11.'):“ Z2a

w

W=ma(u, -V, ) f 2a ¥

I v
W mu, mu,
2 2

L L

W= 2 mu; — : mu,
5 5

<

W=KE,-KE, = AKE

And that means, the work which a net external force influencing a body do equals the
change of kinetic energy (A K E) , with noticing that the net force is positive if it was in
the direction of motion and negative if it was opposite to the direction of motion.

So we can say that the body of mass(m)and moves with velocity(v) has a kinetic
energy (KE) that can be given from the relation:



Kinetic Energy (KE, = (1 /2, mass (m, (velocity () )°

KE = ¢1/2ymy’

And the unit of the kinetic energy (KE) is the same as work (Joule).

Erample 8

A car of mass (2000kg) is moving on a horizontal land. The driver pressed the breaks
when the car was moving with velocity 20 m/s so is stopped after it cut a distance (100m),

as in figure (14). Find the following:
1- The change in kinetic energy.

2- The work done by the friction force to stop the car.
3- The magnitude of the friction force between the wheels and the road assuming it re-

mained constant.

| i 8 . ',...u=0
= « l—-l .

Figure 14

Solution
1- The change n kinetic energy (AKE) = the final kinetic energy (KE, |- the initial kinetic energy (KE)

AKE = (KE, - (KE,
AKE= 1/2mp-1/2mp?
= ¢1/2,2000 « (0,*~1/2,200020,°
= 0-1000 : 400
AKE = -400000] Amount of change of kinetic energy
2- work done by the friction force (W) = change of kinetic energy (AKE)
W =-400000]
3- work done by the friction force ( f xcos @ ) = change of kinetic energy (AKE)
AKE = fxcos 0
0 = 1807, cos  180," = -1
KE = fxcosl80
400000 = £ - 100 . (-1,
f = - 400000 ' - 100
= 4000 N friction force



b- Potential Energy

in our previous study we noticed some of the objects that can done working as a result of
movement, but there are other objects that can do a work because of the amount of stored
energy in the object, What is the potential energy (stored)? Potential energy is the amount
of stored energy in the object do work at any time that can accomplish a task when | want

it to, It is divided as follows:
@)temia_l F.nergy)

C Elastic Potential Energy ) C(iravilational Potential Energy)

Gravitational Potential energy:

It is the energy gained by the object due to the forces

of gravity for example, the system shown in Figure
W (15) it is represented by two frictionless and weight-
less rollers that are carrying two objects of equal

mass, and suppose that the weight of each is mg, If
B Body B was pusheda small push dovn.it would start slow-
‘ ly falling toward the ground at a constant speed and
t Body A will begin to rise to the top at the same time
as body B goes down, so for example if B fall dis-
. |. tance h downward then A will rise the same distance
h from the ground. How much work done by the rope

A on A while lifting it from the ground with constant ve-
locity? Since the tensile in the rope equal the weight
of A (mg) then the work done by the rope according

Figure 15 to work definition:

W=mg.h

Since body B is pulling body A upward then it is
doing work (mg.h), where h is the distance that B
fall from, so object A acquires amountof energy
equal to the work done on it, That is body A in its
new position stores energy.



Because the body gains this energy when it rises up against gravity, the energy stored
is called (gravitational potential energy) And it equals the work that has been done on
the body against gravity. That is, the gravitational potential energy (GPE) is given by the
following:

Gravetational Potential Energy (GPE, =
mass (m, * gravity acceleration (g, * vertical hight (h ,
GPE = m < g X h

The unit for (GPE) is joules and it calculated by multiplying the weight of object with
vertical hight.

The water of the waterfalls has the potential energy
because of its high position, so when it is falling
to its original level it can do work because of weight,

so the turbines rotate and generators operate.

Figure 16

g ~, Calculate the change in the gravitational potential
18

of 3kg, at the Earth's surface and at a height of 2m
above the Earth's surface.
| Assume that g = 10 m/s®

Solution:

—— tential energy in the two referred sites.

Figure 17

energy in the field of gravity of a book that has mass

First, we choose the reference position , which is the
Gravitational potential energy equal 10 zero let it be
the earth's surtace atih=0)then we calculate the po-



Potential energy at ground level (standard level) (GPE,) is given as:

While the potential energy (GPE, ) at 2m height from the standard level is given by:

GPE, = mgh

GPE, =3x10x0
GPE =0

GPE, = mgh

GPE, = 3x10x2
GPE, = 60]

Then we calculate the change in the potential energy of the body from the hornzontal

VNI GPE, - GPE,

=60-0

=60]

Elastic potential energy

An important example of a work done by vari-
able forces is the work done by the spring force. The
figure(18) shows a massless string placed on a glaze hori-
zontal surface (frictionless), and it is fixed from one side
by a vertical wall and the other side by a mass (m).
When a force influence it, it will be expressed as a dis-
placement (x) in the form of elongation or compression,
a force arises from the spring equals the external force
and reverses it in diraction.

And the Elastic potential energy (EPE) in this case is
known as the following:



Elastic potential Energy (EPE,=1/2 |spring constan(K ) » (change in

spring’s length ¢ x7)

That is:

K the string constant and has unit N/m,
X The amount of change in the length of the spring.
The Elastic potential energy unit is Joule .

A metallic spring of constant force 200N/m, it is
fixed from one side by a vertical wall and the other
side by a mass (2kg) placed on a glaze horizontal
surface. Notice figure (19) the spring was pushed
a displacement of 0.2m, what is the maximum
speed that the object can reach when the force

Solution:
Elastic Potential Energy ( EPE, = Kinctic Energy (KE,

AEPE = AKE
—l- Kx’=-lmv2
2 2
l 200, (0.2 ,° -_-_.!. 2 . V2
2( ) (Vo) 2 : A
2=4
V =2m/s



Conservation of mechanical energy

We've found that the objects may possess potential energy or kinetic energy, and
you may wonder: Can the body has potential energy and kinetic energy at the same
time? Can the potential energy be converted into kinetic energy, or vice versa?

In order to reach the answer, Figure (20) shows the energy that an object has at
different points during its descent (by neglecting air resistance and friction) and then
answer the following questions:

KE PE E-KE+PE

0 600 000 | 6oO000y -

200 000 | 400 000 ) 6000y - -~

400 000 ] 200 000 60000 J--—— - .

600 000 ) LB 600 000 J- -

Figure 20

1- At what point will the potential energy be the maximum value? And why?

2- At what point will the kinetic energy be the maximum value? And why?

3- How describes the change in potential energy and kinetic energy during the move-
ment of the body?

4- Find the sum of the potential energy and kinetic energy at each point?

What do you notice? What does the answer represent?

The case shown inFig.20 is an example of conservation of mechanical energy E _ thatis
the energy can be converted from one form to another, but in any process of energy
conversion, what turns from one form of energy is equal to what is produced by other
forms, So that the total amount of energy remains constant, that is:

Mechanical Energy(E__ = Potential Energy( PE - Kinetic EnergyKE)

E = PE + KE

mech

The sum of the potential energy and kinetic energy of a conservative system in
position is called mechanical energy E___ that means:



Mechanical energy in initial position = Mechanical energy in final position

(KE,+PE,, (KE +PE,,

The above equation is called ( conservation law of mechanical energy ).

Exzample &8

A 5kg bal! slid fromrest from point(a)
across a frictionless path as in Figure
(21) Calculate the velocity of the ball
at the points b, ¢ and note that the
gravity acceleration is 10 m/s® .

Figure 21

Solution:

Firstly we select reference position where we assume the potential energy in the gravitational
field is equal to zero, Let it be the earth's surface. To calculate the velocity of the ball at
point b, we apply the mechanical energy conservation law between locations a, b.

Mechanical energy in initial position=Mechanical energy in final position

KE, + PE, = KE, + PE

(1/2 ymu b’ ! (mgh)b =¢1/2 ,m‘u: ~(mgh,
(1/2)x 5x V. +5x10%x32 =0+5x10x5
2.50,+160=250 = v/ =36 = v,=6 m/s

Ball velocity at the position (b) equal to 6 m/s, while the velocity at the position
(point) C will be calculated by the conservation law of energy between
two position ¢,b.

KE_: PE_ - KE, | PE,
(1/2,my? « cmgh, = (1/2,my’+ (mgh,,

(1/25%5%x VE+5x10x2 =(1/2)%x5%(6)>+5%x10%3.2

v, =7.746 m/s Ball velocity at the position (¢)



A, )

Ki.,0 I

e B =
Figure 22

aWork done by non-conservative forces

The presence of non-conservative forces in a gravitational system causes a change
in the mechanical energy of the system.

On this basis, the work of non-conservative forces equals the change in the mechan-
ical energy of the system as follows:

Work done by(W, Changeinthe (E - E, )

Nonconservative forces mechanical energy of the system

Where W, is the work of non-conservative forces, if the work of non-conservative
forces is negative. as in friction and air resistance forces, this causes a decrease in
the mechanical energy of the system.

However, if the non-conservative forces do a positive work, as in the case of engines
and machines, an increase in the mechanical energy of the system is achieved.

I



During your study - dear student - you learned
that energy has various forms For example,
when an cbject falls towards the ground (a stone
for example), the moment it fell to the ground it
has kinetic energy notice figure (24) But it is no-
ticeable that the body become static after collig-
ing with ground, in other word, its kinetic energy
becomes zero, as well as its potential energy (in
case of selection the reference position is ground)

Where did the energy go? Also if you hanged
a simple pendulum and watched its movement
for long enough to note that the height gradual-
ly will decrease and eventually it will stop, then
where the energy went? On this basis, the trans-
formation of any form of energy is equal to that
produced by other forms, in the sense that en-
ergy is always reserved. This process is based
on one of the most important laws in nature: the

Energy Conservation law, which states:

Energy connot be created or destroyed, but
only changed from one form into another

meanes that the total energy of the universe
remains constant.



Linear momentum and impulse

The quantity resultant from multiplying the object mass by its velocity is called the
linear momentum and It is represented by the following relation:

Linear Momentum (P = Mass (m, » Velocity (1)

—n -_—

P=mu

Momentum:

Is a vector quantity that is always in the direction of the object’s velocity, and Newton
scientist called it (quantity of motion).

The momentum quantity depends on the mass of the object and its velocity, s¢ if there
are lwo equal masses cars and the velocity of one of them is the double of the other,
then it is easy to stop the car of low velocity because of its small momentum but it is
so hard to stop the car of the higher velocity because of its high momentum, it worth
to mention that the momentum of an object doubles if its mass doubled. The unit of
momentum is kg.m/sec

Imagine a moving object of mass m, is influenced by a force F for a period of time so
its velocity changed from T, to 7, as shown in figure (25):

—. — — ——
~@- ~@—
Figure 25 X =
2 a=(v,—v)n
F=ma
F=m (U, -0, )/t
Ft -—'m{; mT)‘,

(?xt) Represents a physical quantity called impulse. And the impulse considered a
scale for the force influencing an object multiplied by the time duration that the force
influences the object .

It worth to mention that the force F is the net forces influencing the object or a sys-
tem containing several particles, from that we notice that if a force influenced an
object for a certain time duration, it leads to change in its momentum,



Example ©

A car of mass (1200kg) calculate:

a- The momentum when it moves with a velocity 20m/s north.

b- The momentum if it stopped moving then it moved with a velocity 40m/s south.
c- The change In the car's momentum in the two previous cases.

Solution

Linear Momentum [3, = Mass ¢m, » Velocity (v,
P=mv
ayP.=muv, =1200 x 20 =24 » 10'kg.m 's
b)P,=m V= 1200 « 40 = 48 » 10*kg.m 's
¢ )change in Momentum P = Final Momentum p - intial Momentum P
AP=P,-P,
AP= 48 < 10'-24 « 10°

AP=24,10kgm/s

~ Brample 10

A car of mass 1200 kg moving with velocity 20m/s collided
with a tree and stopped afier it crossed a distance of 1.5
m during 0.15s. Find the average force for the tree to stop
the car,

) Solution

Figure 25 impulse (i‘.t y = change in momentum(—ﬁ,
V,=20m /s Vi=0m/ s

F «0.15=1200 ¢ 0- 20,
F = -24000 / 0.15
F= 16+10'N

The force F is the average force for the tree to stop the car. And the minus sign means
that the force is influencing opposite to the motion direction,



The desgners ol cars try to reduce the impact of accidents on
lhe passengers and that is by making the time duration for the

lorce to influence the objects exist in the car longer.

The airbag notice figure (26) works lo reduca the influence of

the torce on the bodies during the caollision then increasing

the time duration needed to prevents the drver and the

passengers’ bodies’ from moving. Figure 26

Conservation of Linear Momentum

We knew that the change in a system’'s momentum equals the impulse that it receives
by the net external force multiplied by the time of influencing. So if the net external force
equals ZERO, meaning that the system is mechanically isolated we can write the equa-
tion of the linear momentum and impulse as follows:

il "y
impulse Z Ft = change in momentum¢P,

(m™, ) =(m \;]

momeantum after collide momentum before cellide
- - - m’ - mass after collide
z Ft = mu, - my,
Y F=0 M = mass before collide
ya& =

—_—

O=m"y, — mu
m, = mu,

The above equation is called (conservation of linear Momentum) which states:

If the net force influencing a system oquals zero then the !otal linear momentum of
the system remains conserved.



Example 11

A truck of mass 3x10* kg was moving with velocity 10m/s collided with a car of 1200kg
moving in the opposite direction with velocity 25m/s. if the cars were stuck together after the
collision in which velocity the group will move?

Solution
Assume that the velocity of the group after the collision is D _,

And the mass of the group is m +m,
total momentum before collusion=total momentum after collusion
track masa (m,) x track velocity(2) + car mass{m,) x carvelocity(),) = group mass(m, + m_) x group velocity (0 )

m, XV, + mMxXV, =(m+m,)x0,
(3 x 10%) (10) + (1200) (-25) = (30000 + 1200) xv

total

The velocity of the car is negative because it is in the opposite direction of the track.
U, = (300000 - 30000) / 31200 = 270000 / 31200 = 8.65 m/s
The amount of group velocity after the collision immediately.

Types of Collisions:
There are three types of collisions:
a- Perfectly Elastic Collision:

It is a system that is characterized by that the kinetic energy before the collision is equal to
kinetic energy after the collision, that is:

kinetic energy before the collision=kinetic energy after the collision

This type of collision is not accompanied by loss of kinetic energy of the system.



b- Perfectly ‘Inelastic Collision

This type of collisions is characterized
by the fact that the kinetic energy of the
systemis not conserved as it is accompanied
by a significant lack of kinetic eneray, it
is distinguished that the two opposing
objects always collide after the collision,
notice Figure (29).

Figure 29

c-Inelastic Collision

In this type the objects do not combine togeth-
er, but are kept separate and accompanied by a
lack of kinetic energy such as colliding the bowl-
ing balls notice figure (30).

Figure 30

HBemember:

* The linear momentum of the system is conserved no matter what type of collision.

* Collisions are classified according to the change in kinetic energy of the system.

“‘ I114



Example 14

If the mass of a train carriage 2.5x10* kg is moving with velocity 8m/s as in Figure (31)
it hit carriage at rest with a mass of 1.5x10* kg, and moving together in the same di-
rection with velocity 5m/s. Calculate the change in kinetic energy of the system.

(v

-8 m/s—» (4 Befor collision B

L = o}

b

During collision
After collision ‘©
.
Figure 31
Solution

kinetic energy after collision = KE,
kinetic energy before collision = KE,

change in kinetic energy= kinetic energy before collision- kinetic energy before collision
(KE, (KE , (AKE,
KE =1 ."2ml'D,Z +1/2m, x u'z
KE =1/2x25x10'x 8.0

KE = 80« 10"] kinetic energy before collision

= 2
KE, = 1/2(m + m,, v,

U iotat = final velosity for combined train.

KE'= 1/2¢2.5x10* 1.5 x 10/ )(5)2

KE = 1/2(4 x10'y x5
KE = 50 x 10*] kinetic energy after collision
AKE = KE - KE,
= 50 < 10* 80 . 10°
AKE = - 30 :10"]

conclude that the collision here is inelastic collision.



Questions of Chapter 5

Q1/ choose the correct statement from the following statements:

g =10 m/s’
1- A boy has a mass of 40kg ascends a stair of a vertical height 5Sm during 10s then its power is:
a- 20w
b- 200W
c-0.8W
d- 2x10°W

2- According to conservation law of energy :
a- Can be created but not destroyed
b- Can be destroyed but not created
¢- Can be created and destroyed
d- Cannot be created or destroyed

3- An object spent a power (1hp) at the instantaneous speed 3 m/s then the maximum force Is:
a- 248.7N
b- 2238N
c- 2613N
d- 3600N

4- One of the following units is not for power:
a- Joule-second
b- Watt
c- N.m/s
d- hp

5- To save a vehicle moving with speed V it needs a force F against friction then the power need-

ed:

a-F.v

b- % Fy?

c- F/v

d-F/yp?
6- An object of mass 1kg has gravitational potential energy 1J with respect to the ground when it
vertical height is:

a-0.012m

b-0.1m

c-9.8m
d- 32m



7- An object of weight 10N falls from rest from the height 2m above the ground surface then its
velocity at the moment it collide with the ground is:

a- 400 m's
b-20 m/s
c- 10 m/s
d- /40 mis

8- The one that does not change when two or more objects collide is:

a- Linear momentum of each,
b- Kinetic energy of each.

c- Total linear momentum.

d- Total kinetic energy.

9- When two objects collide with equal masses, the change in total momentum

a- Depends on the speed of the two opposing bodies.

b- Depends on the angle in which the two bodies collide.
c- Equals ZERO.

d- Depends on the impulse given to each object.



Problems of the Chapter 5

P1/ The body of mass a 2kg fell from a height of 10m on a sandy ground and seftled in, After
cutting 3cm vertically into the sand, what is the average force that sand affects the body? On
the assumption of neglecting the air efiect.

P2/ A car of mass 1250 kg slid till it become static after a distance of 36 m. How much friction
between its four sliding tires and the surface of the road if the sliding friction factor 0.77 What
is the amount of work done by the friction force on the car?

P3/ Push a shipping box of mass 80kg a distance 3.5 m to the top of a sloping surace (Fric-
tion is assumed 10 be neglected) making an angle 37" with respect to the horizon. How much
work is done to push the shipping box? Assume that the shipping box is pushed at a constant
velocity.

P4/ How much power do you need to push a shopping cart loaded with horizonial force of
5CN a horizontal distance of 20m through 5s7

P5/ A friction force of 20N affects a 6kg mass box sliding on a horizontal floor. How much
power is required to pull the box on the floor at a constant velocity of 0.6 m/is?

P6/ A tractor can lift its trailer with a constant force of 12000N when its velocity is 2.5 m/s.
Whalt is the value of tractor power in watl and horsepower under these conditions?

P7/ While a 90kg football player was running at a velocity of 6m/s, a player from the other
side pulled him from the back and stopped after a distance of 1.8m.

a- What is the average force that caused the player to stop?

b- How long has it taken for the player to stop completely?



Chapter 6: Thermodynamic

Thermodynamic (Introduction)

You have previously studied that heat is a kind of energy and that energy transfers from
one body to another when there is a difference in the temperature of the two bodies,
you also learned that there is another energy that can be transmitted from one body to
another when the two bodies are at one temperature, This energy is work. You encoun-
ter in your lite a lot of transitions where mutual energy exist on the form of heat or work
done, there may be mutual energy together.

For example, when you operate the car or home air conditioner or when cooking meals,
or the heat generated in the engine of the car due to the interaction between oxygen
and gasoline vapor in the engine cylinders and hot gases caused by combustion, which
push the pistons generating a mechanical work that can be used to move the car

The study of such transformations, which include heat and work, is an important subject
of physics called thermodynamic (thermal movement).

System and
the surrounding il

The study of any phenomenon in a branch of physics. Start by isolating a specific area
or part of that physical group from surrounding mediums and the part that is isolated
is called systemn, while the surrounding environment includes all objects and elements
that are not part of the system. In the previous example, the mixture of gasoline vapor

and air in the engine of the vehicle before the combustion is a “system”, the surrounding
medium includes the cylinder, and the surrounding medium can affect the system in
several ways such as mechanical forces and thermal sources and electric fields ... etc.
Figure {1) shows corn grains in a container placed on a heat source, which represents
a “thermodynamic system”. The thermal dynam-
ic process described here show that the heat has
been added to the system, and the system in tumn
has been performed a work on the outer penmeter
of the container by lifting the lid.

Figure 1



N

Figure 3

v

. v

J

Figure 4

Heat and work

Assume we have a quantity of gas trapped (thermo-
dynamic system), and that system is the result of dif-
ferent thermal processes moving from state to anoth-
er. Notice figure (2).

If we draw the graphical relation between the pres-
sure and volume of that system notice figure (3), then
the area trapped between the curve and the volume
axis equals the work done to make this change.

It worth to mention that the process of transferring
a certain system from state to another may happen
according to several processes: notice figure (4)

1- Fixed pressure process (Isobaric):
It is the process where the system transter from a
state to another with remaining its pressure constant.

2- Fixed volume process (isochoric):
It is the process where the system transfer from a
state to another with remaining its volume constant,

3- Fixed temperature process (Isothermal);

It is the process where the system transfer from a
state to another with remaining its temperature con-
stant.

4- The process of no thermal transformation from
and to the system (Adiabatic):

It is the process that does not contain thermal trans-
formation from and to the system (without thermal
exchange).



First law of thermodynamics

This law expresses the relationship between work and heat. It is known experimen-
tally, whenever the work tumns to heat or the heat turned into work, there is a simple
fit between the work and heat, called the constant proportion of thermal mechanical
equivalent and it eqauls 4.2 joule/cal where the scientist Gul was the first to find this
constant. According to energy conservation law, the total energy in any isolated sys-
tern remains constant, whatever the shifts in the forms of energy.

In the process of turning the work into heat, the energy conservation law is known

as the first law of thermodynamics.

If a system absorbs a quantity of heat AQ notice Figure (5 a), and the work done by
this system is AW. During that time, the energy conservation law states that the dif-
ference between the amount of heat absorbed by the system and the work performed
is equal to the increase in the internal energy of the system.

surrounding medivm l Au = AQ - AW I

work performed by
the system ..

Figure 5a

This law can be written as follows:

When a work is performed on a system of its surroundings at a different temperature,
the transmitted energy Is equal to the difference between the change in Internal en-
ergy and the completed work. This energy is referred to as heat energy and is sym-
bolized by the symbol AQ.

So that:

First law of thermodynamics AQ=AW+Au where Au Represents the increase In the
total energy of the system (the internal energy of the system) which is equal to the
sum of the kinetic and the potential energies of the system. While using this law we
must remember that:

1- AQ Considered positive if heat was added to the system notice figure (5) and con-
sidered negative when Heat transfer out of system.



2- AW Considered positive When a work is performed by the system on the surround-
ing medium (Such as the work done when the gas is extended and it is represented by
the energy that left the system),And AW is considered negative when performing any
work on the system by the surroundings and it is represented by the energy that enter-
ing the system notice figure (5b).

surrounding mediam

\
AQ AU AW
Au=A0 7AW
work done
on the system
_/
Figure 5b

Applications of
the first law of thermodynamics

Suppose a thermal system is a confined gas separated
from its outer perimeter by a cylinder equipped with a mov-
able piston. Notice Figure (6). To calculate the work of this
system, we do the following:

F=PxA
W (force) ¢ (displacement,
W= FAx = PA Ax

A Ax Represents the increase in the gas volume and
equalaV, that is:

AW = PAV
\ LA A the work done by gas.
Figure 6 AW = -PAV
the work done on gas.
\
Lo To calculate the work of the system in the follow-
§ ing operations:
[~
® 1- Work done at constant pressure (isobaric). no-
0 tice figure (7 a) in this case
L v, volume V', ) AW=PAV
Figure 7a



P ) 2-Work done at constant temperature(Isothermal)
__Isothermal notice figure (7-b) in this case

W=P, V. In(V,/V,)
From Boyle's law: P, V. =PV,

W=PV, In(P/P)

5 v Ve volume® /
Figure 7b
4 k: 3- Work done in the Adiabatic process (There is
no heat exchange between the gas and the sur-
Fil-- rounding environment) where the process is done
g relatively quickly, In this case: AW=-AU notice
p figure (7 ¢).
e
a o 3 T'
I -~
Pgl- - — -~
R Vi volume V¢ ¥y

Figure 7¢

Example 1

If we assume that the size of the human lungs is increased by 500 cm® at one inspiratory
process.

Calculate the work done on the lungs during this process, considering that the pressure
inside the lungs remains constant and equal to the atmospheric prassure 10° N/m?.

Solution

AW =P Ay since work done

AW -PV -V , atconstant pressure lsobaric)
107 500 . 10°
AW =50 wWork done



Ezample 8

Alir trapped in piston cylinder extended where its volume 0.2 m? and its pressure 10° N/m® and
after extending its volume became (0.6 m?), if its temperature remained constant through this
process at (T=300K), calculate the work done knowing that Ln x=2.303 log x .

Solution
Since work is done at constant temperature (Isothermal process) then:
AW =PV In(V,/V, ,
~10°.0.2 . In 0.6 0.2,

=().2 x 10" x 2.303log

0.6
|
/

) —
——
-
I | O

AW = 04606 x10"log,, 3= W =0.46062 < 10" x 0.47

AW -2 .19722 . 10")

surrounding medium C

. Figure (8) shows a system with its surrounding in figure (8 a),
#‘ g and the system was provided by 1500 J of heat from the

[ the system’™ surrounding medium and the work done by the system equal
L - ‘ 2200 J. In figure (8 b) the system was provided by 1500 J
and the work done on the system by the surrounding medium
equals 2200 J. calculate the change in the internal energy of
the system (AU) in each case.

Figure Ba

surrounding medium Solution

In the case of figure (8 a) the internal energy of the system
(AU) can be given form the relation:

AU=AQ-AW

Figure 8b



And the work done is positive because it was done by the system on the surrounding medium.
AU=1500J -2200 J
AU=-700J the internal energy of the system

In the case of figure (8-b) the internal energy of the system (AU) can be given form the rela-
tion: AU=AQ-AW

the work done AW is negative because it was done on the system.

-.AU=(1500J)-(-2200J)

AU=+3700 J

F —
o Thermal Internal
Situation System Energy Work Done Eneray
AQ AW AU
Quick infl- —
. 3 There is air
a atable bicycle
fiamc in the pump
Water at room
b temperature Waterisin a
placed on a pot
hot stove
Air quickly .
c loaks outside | A1 S Inside &
the balloon

@



Every day, your body is a thermody-
namic system, where heat AQ s ada-
ed by the food and your body do work
through breathing, walking and all other
activities,

Notice Figure (3) and at the end of the
day, the: A0=aW

Thus, the total internal erergy s zero
AU=0

lonl

I.:
~ engine

~
v

e < work out

-

-

Heat

>

Figure 10

Efficiency (M) =

The work done by the engine

Figure 9
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Heat engine

A device that converts part of the thermal energy into a
mechanical work as a result of the transfer of heat to this
device from a thermal scurce (thermocouple) with a high
temperature (T, ) and transfer the remaining heat to a low
temperature thermocouple (T ) notice figure (10).

The efficiency of the heat engine is given as a percentage
in the following relation:

- x 100%

The Energy supplied to the engine
N - «W/Q,, 100%

W=0, -Q,

n = ()H -

< |1

2 x 100%



Example 4

A heat engine that receives 1200 J of heat from a high thermal source (Q,,) at each cy-
cle and performs a work of 400 J in each cycle.

a- Calculate the efficiency of the engine.
b- Calculate the amount of heat exhaled (Q,) in each cycle.

Solution
a- Q,,= 1200 ]
W= 400 ]
N =£ x 100%
Q,
n =A00J  1009%-= 33%
0]
b W=Q||'Qc
Qc = QH - W
= 1200 ] - 400 J
Q.= 800 ]



Second law of thermodynamics

You may have noticed that the first law in thermodynamics is a form of energy con-
servation law but does not specify the direction of energy transfer, For example, if |
left a cup of ice cream or a cold bottle of juice for a peried of time in hot weather, they
will not become colder ... This is normal You might ask yourself why the opposite
action does not take place, which they are becoming cooler? This opposite action is
not inconsistent with the Energy Conservation Law.

To illustrate the above, the second law of dynamically determines the direction of
thermal energy transfer processes (heat) and there are two formulas for this law, and

both are equal.

Figure 11

! Heat

engine
- —

Figure 12

1- Kelvin-Black formula:

It is impossible to build a heat engine that absorbs
thermal energy from one thermal reservoir and tums it
completely into mechanical work.

Notice Figure (11) that in order for the heat engine to
produce a work, two different thermocouples must be
in different temperatures.

2- Clausius formula:

Itis impossible to build a heat engine that absorbs heat
from a low-temperature reservoir and moves it to
another reservoir with a higher temperature with-
out having to do mechanical work. Notice figure (12).



Questions of the Chapter 6

Q1/ Select the correct phrase for each of the following statements:

1- A heat engine operales using an amount of heat entering it at cenain temperature and works

a- Convert them all to work.

b- Turning some of them into a work and the remainder is left at a lower temperature.
c- Turning some of them into a work and the remainder is left at the same temperature.
d- Tuming some of them into a work and the remainder is left at a higher temperature.

2- The natural direction of heat flow transferred to and from the system is from the thermal tank
of the higner temperature (T ) to the thermal tank of the lower temperature (T ), without consid-
ering the amount of heat contained in each tank. This fact represents:

a- First law of thermodynamics

b- The second law of thermodynamics
c- Energy conservation law

d- linear momentum conservation law

3- The adipatic process in the system is one of the processes in which:

a- The heat does not enter or exit the system.

b- The system does not perform any work on the medium no awork performed on it.
c- System temperature remains constant,

d- System pressure remains constant.

4- A frictionless heat engine can be 100% efficient only when the exit temperature (T_):

a- Equal to the entry temperature (T ).
b- Less than the entry temperature (T ).
¢c- Equal 0°C

d- Equal 0K

iy



Problems of the Chapter 6

P1/ A system contains of gas trapped in a piston cylinder Extended, had a volume of 0.02 m*
and pressure of 5x10° Pa after extending its volume become 0.022 m? at the same pressure,
Find the work done by the system?

P2/ A n insulated vessel contains gas trapped inside it. If the external work on the gas is equal to
135 J, find the amount of change in the internal energy of the system.

P3/ A heat engine gives 2 x 10° J Of heat from the higher temperature reservoir and trans-
fer 1.5 x 10* J Of heat to the lower temperature reservoir, find the efficiency of the engine.

P4/ A heat engine that receives a temperature of 3000kJ from a high temperature thermal
source and expels 900KJ of heat to a low temperature reservoir.

a- How much work does the engine do?

b- What is the efficiency of the heat engine?

PS5/ During the operation of a certain heat engine, the internal energy was reduced by 400] while
performing a wok of 250 J. Calculate the net heat AQ.



Chapter 7: Circular and Rotational Motion

Circular Motion

When a rigid object (an object that
cannot be distorted and modulated

by the influence of external forces

and torque) is rofated around
a fixed axis. then any particle in

it is far from the rotation axis for

a certain distance, It is said that
the motion of this particle is circular Figure 1

Such as the maotion of the nozzle
of the air frame in the bicyclie wheel

Notice Figure (1).

And the movement of the person
sitting in the air wheel which rotates

vertically. Notice figure (2),

’ 5
While Figure (3) shows the movement y \
\
of the plane on a circular path at a '\ !
\ /
horizontal level. . 5o

R s LI y

Figure 3
|




Angular displacement
and angular velocity

We find it difficult to describe the circular motion by relying only on the linear quantities given
in the second chapter of this book, because the direction of movement of the body in a circular
motion is continuously changing so the circular motion is described in terms of the particle
rotation angle (angular displacement) This means that each point of the rigid body that rotates
around a fixed axis (except for points on the axis of rotation) Rotate at the same angles in
the same period of time so The three important quantities that passed through in the linear
motion [linear dsplacemenlﬂ ,linear velocuy?, and linear acoele:alion?] correspond to

" ™\ itin angular motion three other quantities [angular
displacement 38 , angular velocity T, and angular
acceleration o |.

The analysis of this movement requires the choice
of a reference line notice Figure (4) If we assume

\_ ) that the position of the particle is the point repre-
Figure 4

sented by the red line at (1=0) and after a period of time At the red line moves to another lo-

cation, In this period, the red line rotate an angle displacement (8) with respect 1o the reference
line while the particle cut a distance of (S) on the arc of the circle that is representing the
length of the arc. This figure shows that angle(8)is an angular displacement and that (S)
represents the length of the circle arc whose radius (r) then:

angular displacement=arc length/radius
That is: 3

When the particle rotates a full cycie, the length of the path (S) equals the perimeter of the
circle (2nr) and the angular displacement:

i . 2 .
P . Ty
|

That the angle 8, during a complete cycle is equal to 2x(radian).



The relation between
the linear and the angular speed

Since the average linear speed is the AS
ratio of the linear distance to the v, = —
change of time: - Al
AS=rA0G
A el
L, =T
' Al

Since the average angular speed is the

ratio of the angular displacement to the d = A6
change of time: avg = Al
U;n‘-,’ = r X U);l J

lv:rxm l

linear speed of a particle = the particale’s distance from the center of rotation X the angular speed of a partical

When a particle rotates a full cycle then its linear speed equals the perimeter of the circle di-
vided by the time of the full cycle (T) that is:

2nr

And since the frequency  equals T
{1/1ime period T ) that Is. o) T

Remember ?
If the angular velocity (0 was is rev/s then it Is called rotational frequency (f).

If the angular velocity () was is rad/s then it is called angular frequency (n



A disc rotates with angular velocity (5400 rpm) calculate:

a- Angular frequency and the time period for one cycle,
b- If the radius of the disc is (28cm) what is the linear speed of the particle located on the
perimeter of the disc.

Solution

(rpm): 1s shorten of “revolution per minute” means (cycle/minute ).
a- We convert the angular velocity from (rpm) to (rev/s)

_ 5400 revolution x 1 minute

minute 60second
5400 revolution rev
= =90—
60second s

The rotation frequency () is estimated by (Hz) or (rev/s)
And the time period of one cycle (T) is given as:
1 1 1

== W=— = T=—4§
! /] 20
b- And to calculate the linear speed of the particle, firstly the angular speed ()
@=2xf
@=27x X 90
@ =180 rad /s
V=ar

v=180x X 0.28
22
v=180 x —_;-xo.zs

v=180 X 0.88
v=1584m/s



Figure 6a
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If a small ball is attached to one end of a non-elongated thread
was rotated with a circular path with a steady and horizontal
plane (the effect of gravity is ignored in the ball so that the
thread is at the circle level) notice figure (5).

We notice that the direction of the instantaneous tangential
velocity of the ball is continuously changing during its motion
as a result of this change in the tangential velocity with a rate
of time, it moves with acceleration that is called central accel-
eration and has a symbol a: Thus, the central acceleration is
the time-rate of the change in the tangential velocity, which is
a fixed amount and is directed towards the center of the circle
and perpendicular to the instantaneous tangential velocity vec-
tor. Notice figure (6a) then:

Since every moving object has a self-deficient it tries 1o keep
its movement on a straight lina. In order for an object to move
on a circular path with a constant speed, a net extemnal force
must influence perpendicularly on the vector of its instanta-
neous velocity to change the direction of its tangential veloc-
ity, in this case, the tensile force in the thread (T) is the force
that changes the direction of the tangential velocity of the ball,
keeping it in its circular path and according o the second law
of Newton, the central force F; is given by the relation:

N

S g -~‘2 ¥ ¥
v
" F‘ [' m4da
m

S I
F = v L=1)

Figure 6b

Fo=mrm



I1is worth noting that the central lorce (Fc) is no different from any force studied previously, such as the forensic

friction force between the tires of the vehicle and the ground of the comer, is the central force necessary
to keep the car in ils circular path, The force of altraction between the earth and the moon is the central
force needed to keep the moon in its circular orbit, The foree of electrical atiraction between the nucleus
and the electron is the central force needed to keep the electron in its circular orbit and others.

When an object spends a regular circular motion, the direction of its instantaneous tangential
velocity is constantly changing with its fixed speed, so that the object has a central acceleration
perperdicular to its instantaneous velocity vector and it has constant magnitude.

*The demise of the central force:

It someone was asked what is meant by the demise of the central force influencing an object mov-
ing on a circular path with a fixed speed?

To answer this question ... check the following:

Since the central force (Fo) that is influencing perpendicularly to the instantaneous tangential velocity
vector of the body is generating regular circular motion then it works to change the direction of its
instantaneous tangential velocity. The demise of the central force means that it stops influencing,

So the body will be launched in a straight line towards the tangen!t of the circular path from that

point and with the speed that the body has at that moment, Then the bogdy s applied 10 the first law
of Newton notice figure (7).

o & U )
T

d .". '/’/- ‘.'
_— L g

Figure 7a Figure 7b
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In the case where an object moves on a circular path with a variable speed with time, its motion
Is called an liregular circular motion, in which there is no acceleration vector perpendicular to
the instantaneous tangential velocity vector of the object, This means the acceleration of the
object(a} does not move towards the center of the circle in this case and then the acceleration
vector get analyzed Into Its two components, one of the components IS perpendicuiar to the
instantaneous tangential velocity vector which is called central acceleration (a.) Which results
from a change in the direction of the object's instantaneous tangential velocity and the other
component is parallel to instantaneous tangential velocity vector which is called tangential ac-
celeration (at) Which results from a change in the object velocity notice figure (8).

Since the vector a; perpendicular to the vector ar then their result is calculated by applyingthe
Pythagorean Theorem as follows:

f B ——
at ,
d=\da +a
4
lanf = —
P
— 1
L # = lan

L DO Hom T o O e i e

When a vehicle moves on a horizontal turn, the central force (Fe)suitable for rotation is the
initial friction force (1.) between its frames and the ground of the tumn. Note Figure (9) as
follows:

Figure 9



{ _ mu
S

And that the friction force provided by the road must be no more than (s N), (4= s the initial fric-
tion coefficient), that is:

(=25

Where (N) is the reaction force of the horizontal tum ground that is perpendicular to the vehicle and
equal the weight of the vehicle (N=mg) which means:

4 s UE

And this means that the central acceleration (ac ) cannot be more than (ps g)Maximum
safety speed of the car at the turn of the road without straying from the road:

P

The mass of the vehicle does not appear in the equation V = Ju,gr that means the small car,
the truck and the bike all can safety move with the same speed at the same tum,

L OO o H T aOE O O O e

Oblique roads arise at the turns (so that the height of the outer edge greater than the height
ol the inner edge of the road) for central power generation (Fc) that is suitabie for rotation.

To calculate the angle of the tum slope from the horizon analyze reaction force of the road
(N) into two components then the horizontal componant of the reaction force (N sin8) works



to change the direction of the instantaneous tangential velocity of the vehicle notice figure (10)
which is the suitable central force for rotating and directed into the center of the circle:

Figure 10

While the vertical component (N cos8,) equal the weight of the car:
Nsin® =F
Ncosé = w

Nsin@ mu’ /r

Neosh  mg

v |
tan® = — | or |0 = tan  —

e ' ng ‘

L L DO O OO OO Cood

We have shown above that the real weight (wrea) of the body is the force of the earth’s at-
traction to its mass (m) and the real weight is measured by the elongation of the spring in the
spiral hump. The amount of gravitational field at the earth's surface is: g=9.8 N/kg

u Wi mg

The apparent weight (wagearent) Of an object is the force that the reference object apply on
the obhject. To clarify that:

iy
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Figure 11a

By applying the second law of Newton
to a constant moving elevator, the net
force influencing the person is given
as:

Since the acceleration of the person |\

is zero then

Notice figure (11) It shows a person of mass (m) stand-
ing on the scales 10 measure weight In the elevator.
We find that there are only two forces that influence
the person. The first force is the Earth's gravitational
force (mg) in downward direction (fowards the center
of the earth) and the other force is (ﬁ ), representing

the influence of the elevator floor reaction on the body
and pointing upward If the elevator is static, ascend-
ing or descending vertically at a constant velocity,
then the acceleration of the elevator (acceleration of
the person) in all three cases is zero (a=0).

§ Fina
S F-Now

N-w=ma

-w =1

Wapp = Wu--oIJ

r
w=mg

Figure 11 b

That is:

The apparent weight W (Spring reading) =
the real weight of the person W,

- If the elevator is vertically descending by constant
acceleration (@) as in Figure (11 b), the relation of
the net force with acceleration is given as follows:

Z F=ma

w-N=ma

W . = Wit — M4
[ 4]




This means that a person's apparent weight Wap  is less than his actual weight Wyea by
the amount (ma).

- If the elevator is vertically ascending by constant acceleration (a) as in Figure (11 c¢), the
relation of the net force with acceleration is given as follows:

N4
> F=ma
~a e -
N-w,  =ma
m
W, =W, +ilia
wW=mg

Figure 11c
This means that a person's apparent weight W.p is higher than his actual weight Wm,
by the amount (ma).

- If the elevator fail a free fall (assume the rope was cut) then the acceleration of the elevator
equals the gravitational acceleration (a=g) then the net force:

z F=ma
ZT"':mg

.

W, -N=mg

— - -

-
=W, - Mg

App "
W, =ME-Mg

Figure 11d [ W.\pﬂ =0 ]

This relationship shows the apparent weightiessness of the body in the case of free fall.

iy



A person of mass (60kg) on the scales (to measure weight) in the elevator,
the amount of reading (apparent weight) when the elevator:

a- moves vertically at a constant speed .

b- Vertical descent by 2m/s? acceleration .

c- Vertical ascent by 2m/s? acceleration .

On the assumption that the ground acceleration of free fall (g=10 m/s?)

Figure 12

Solution

By applying the second law of Newton on the y —axis, we plot the free scheme of the

body to show the forces that influence it, as in Figure (12).

a= When the elevator moves vertically at a constant velocity

in the direction of the y —axis, then the acceleration (a) = zero. mE J v

SEmma =0

Ny W g i Moving with constant 1
velocity downward af

N =mg =60 x 10 = 600N
b= The elevator descends vertically by accelerating 2m/ s%) then:

SE = ma

Z|

W-N=ma = mg;-}\} =ma
60x10-N=60x2 = N =600-120=480N the person is 480 Newton, which is a

That is, the apparent weight of l__
m
lesy than the real weight.

¢ — The elevator climbs vertically to acceleration (2m/s°) then:

LF =ma N
R l
N=60x10=60x2 Thart Is, the apparent weight of the 720Newron a

N=T20N person is greater than its real weight.

=l



Questions of Chapter 7 (Partl)

Q1/ Choose the correct phrase for each of the following statements:

a- Anobject that moves on a circular path with a constant spead, its direction of acceleration:
a- In direction of motion

b Towards the center of rolation

c- Away from the center of the circle

d- Any of the above depends on the position of the body,

2- A car moving on a circular path on a horizontal road, the central force Influencing the car:
a- Ineria

b- Gravity

¢ The force of forensic friction between the vehicle tires and the road.

d- The reaction ol the road pempendicular to the car.

3- The central force that keeps the earth in its orbit around the sun is available:
a- Mediated by inertia

b- By rotating the earth around its axis.

c- Part mediated by clouds gravity.

d- Mediated by the gravity of the sun,

4- An object that moves on a circular path with a constant speed, If the radius of ils circular path is Goubled,
the central force necessary for its keeping itin that path becomes:

a- Quarter of what it was

b- Halt of what it was

¢- Twice larger than what it was

U- Four times bigger than it was

5- A car of mass (1200kg) and speed of (Bm/'s) when passing at a circular tum of radius (30m) then the central
force working on the car is:

a- 48N

b- 147N

¢- 240N

d- 1440N

8- When a person moves from his position at the eguator to a location at one of the two poles, the apparent
weight of the body:

1- It becomes smaller than the real weight,

2- It becomes bigger than its real weight.

3- Is equal 1o the real weight.

4- Equals zero



7- The entertainment train in Theme park is walking on the inner
surface of a circle rail with a vertical level. The weight of the per-
son sitting in the train carriage for the moment passing through
the lowest point of his path is equal:

+Fc

real

a-W,_ =W
b- Wappzwreal

C- W o=F W,
d-W_ =W__F

Q2

1- Write the equation of central force and prove that the unit of measurement is estimated by New-
ton.

2- Can a body move on a circular path without a central foree influencing it? And why?

3- Can the moving body has a regular circular motion? And why?

4- Under any condition, a body can move on a circular path, possessing a central acceleration and
no 1angential acceleration. Clarify that.

5- What is the reason for the separation of water droplets from wet clothes placed in the drying ma-
chine with rotary tub during rotation?



Problems of Chapter 7 (Partl)

P1/ A person installed a fan with a radius of 10m rotates at a vertical ievel. What is the tme period that one full
cycle take to make its apparent weight zero in fhe highest point?

P2/ On the assumption that if the angular velocity of the earth ball increased and the central acceleration of a
person standing at the equator become as quick as gravity, what would be the apparent weight of that person?

P3/ Calculate the central acceleration of a body at a point on the surface of the Earth away from the axis of
rotation of the Earth 5000km.

P4/ A circular curved road of width 3.75m, sloping on the horizon and has a radius of 120m, designed for the
car's running speed 29.698 m/s. Calculate the height of the outer edge of the road from #s inner edge.

P5/ A satellite moving with a constant speed in a circular orbit, the radius of its orbit from the center of the
earth is 7000km find:

1. Speed of the satelliite in its orbit.

2. Time of one cycle al thes orbit.

Knowing that the constant of general attraction = 8 67 x 10-"" (N.m?)/kg*)

Mass of earth = 598 x 10" kg = M,

P&/ A car running on a circular curve of a radius 200m with a constant speed 30m/s if the mass of the car is
1000kg.
1. Find the force of friction necessary for the availability of the necessary central force.

2. It the coefficient of forensic Iriction is p,=0.8 , whatis the maximum speed of the car on the circular path
with nonsip?

- \




Rotational Motion

'\ When we deal with a rotating body, the analysis be-
comes very simplistic on the assumption that the body is
rigid. The rotational motion of a rigid body is defined as:
the rotation of a rigid object around a particular axis that
has passed from it or has passed from one of it points
notice figure (13) Which shows the perspective from the
top of a disk compact rotated around a fixed axis al point
_/ {O) and perpendicular to the disk level.

Figure 13

Angular Acceleration

It the instantaneous angular velocity of a particle changes from v, to ¢y in & period of time,
the particle has an angular acceleration, Angular acceleration (<) is defined as the time-rate
of angular velocity change and is given the following relation:

- AMm O ",
At t

Angular acceleration is measured by rad’s” or rad.s~

When the rigid body rotates around a fixed axis, each

particle of its particles has the same angular displace-
ment around that axis in the same period of time that
means it has the same angular velocity and has the
same angular acceleration. We apply the right hand rule
10 set the direction of the angular velocity (the four fin-
gers of the right hand refer to the direction of rotation,
the thumb refers to the direction of the angular velocity)

\ : /' notice figure (14).

Figure 14



The anguiar acceleration directionT of a rigid object around
its fixed rotational axis is iowards the same angular velocity
T .when increasing with time (in the case of acceleration)
and In the opposite direction as it decreases with time (in the
case of slowdown). Imagine one pariicle of the rigid object

that rotate around its axis with regular angular velocity then
it move on a circular path if radius (r) around a fixed rotation
axis notice figure (15) and since the particle is moving on a

circular path then its tangential velocity vector, has constant
Figure 15 magpnitude and continuously changing direction with fixed (r).

From that:

S=10
U=

Thus, the tangential velocity of the particle is equal to the distance between the particle
and the axis of rotation multiplied by the angular speed of the rigid body, the relation
between the angular velocity of the particle and its tangential acceleration a: can be
found where the acceleration tangential component is:

An Alrm)
&, emie—= DR =
AL At
Ain
& ==
Al
A
o~ B
At
A|=l‘ff

And that means the tangential component of the transition acceleration (ar) of the pari-
cle that do circular motion equals the distance between the particle from the rotation axis
(r) multiplied by the angular acceleration (a).

iy



The equations of angular motion with
the regular angular acceleration

The equations of the angular movement of the rigid body with a regular angular acceleration
are expressed in the same mathematical picture of the straight motion of the panticle by a
linear acceleration. They are given as in the following table:

Linear Motion Equations Angular Motion Equations
1. v =v +at 1. O, = + ol
. V=0 4+ 2ax ,. 0= + 208
L, ]
X = Ut + —at 0 = mt + —ot’
3. 2 3. at*+ 3
v, + 0 + O
.ox=—1 1 0 = ——1 ¢
4 3 4. 5

Example ©s

A wheel rotates with a regular angular acceleration a=3.5 rad/s? if the angular velocity is
2rad/s at tin =0, what is the angular displacement that the wheel rotate between t=0 and
=28

1. By radian, and by revolution

2. How much the angular velocity of the wheel at t; =2 sec

Solution

| ,
0 t +— ot
R

0 =2x2 +% x 3.5 x (2)°

0 =4+7
11 rad
11 rad
2r rad / rev

= 1.75 rev



t =2s

o =0 +ol
@ =2+3.5x%x2
@ =9rad / s

L1 U0 DI C I LU HHH O e

You already studied, dear student, in the subject of linear motion, that the objects tend to
maintain their motion state and be inertia to change their motion state unless a net external
force influence the object and change its state, and this property has been called inertia. We
find something similar to this in rotation-

al motion, the rotational wheel shown in
figure (16) is inertia to change its rota-
tional motion state only by the influence
of net external torques on it ... This in-

dicates the existence of a rotational in-

Figure 16

ertia. Thus, the torque of the inertia of a particle of mass (m) that is located at the distance
(r)from the axis of rotation is: [ =mr

While the inertia torque of a rigid object around a certain axis equals the algebraic
summation

of the inertia torques of all its constituent particles around the same axis.
Loy =1y +1, + 1y + .
And the inertia torque is measured by the unit (kg.m?) in the international system for units ¢SI y,
and it worth to mention that the inertia torque (1) is considerad a scale for the resistance of the
rigid object to change its angular velocity. And the inertia torque of an object depends on:
1. The mass of the object.
2. The shape of the object.
3. Mass distribution with respect to the axis of rotation.
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Table 1

table (1) shows the moment of inertia of the various homogeneous rigid bodies

of different geometric shapes -

Complex movement (transitional
motion and rotational motion)

Some objects may move two movements at once. One of them is rotational movement and
the other is a transitional movement like ball rolling a soft rolling (without sliding) or the mo-
tion of the bike tire or the car wheel on a coarse surface then itis transitional and rotational
maotion on a coarse surface where the total motion of the rigid object equal the summation
of two energies which are the linear motion energy and the rotational motion energy.

l\ I“ Towm - }\E Trambatsanal * KE Eomtsonnl

' I ,
KE,w = —-mv’ + {0}

—

™| —



Example 4z

A solid ball rolled on a coarse horizontal surface a glaze rolling with linear speed (1.5m/s)
to its center of mass and its radius 0.1m having mass of 0.2kg. Calculate:

1. Its Inertia torque around its geometrical axis that is passing from its center.

2. Total kinetic energy knowing that (1) (solid sphere)=2/5 mr?

Solution s .

I, =—mr
whae S

’ -
1= § x0.2%(0.1)° = 0.0008kg.m"
V= = 1.5=01% 0 = O=|5mad/s

KE, . =KE, «KE,, - —Zl-mo’ + %I(o"’

- %xo.z x(1.5) +%x0.0008kg.m: %(15)° =031SJoule

Rotational torque of an object and

the angular acceleration
We studied the equilibrium of a rigid body when the net external torques influencing it equal

zero. Here we ask, what happen to the rigid body if the net external torques influencing it
does not equal zero? By comparing the similarity with Newton's second law in the linear
transitional motion we must aspect the change that will happen to the angular velocity of
the rigid body.

f N\ If a net external torques influenced a rotational

T wheel notice the figure (17). And gain it angular
acceleration, this angular acceleration direclly
proportional 1o the net torques Influencing it and
moving towards it, and inversely proportional to
the inertia torque of the wheel. So the net exter-

= 4 _/ nal torques influencing a rigid object is directly
Figure 17 propartional 1o its angular acceleration and the
constant of this proportion is the inertia torque.

That is: Z Toc O

) T=ld




This law is applicable on all the rigid objects during their rotation and the rotational torque is
measured by (N.m) and it worth to mention that the rotational torque and the angular accel-
eration are vector quantities in the same direction that is on the rotational axis (according to
right hand rule). However, the inentia torque (1) is a scalar quantity.

A solid cylinder of mass 1 kg the radius of its base 0.2m started rotating from static around
its long geomeltrical axis that is passing from the center if the two bases when a tangential
force (10N) mfluenced it. Calculate:

1- The anguiar velocity after (5s) from starting rotating.

2- How many revolutions.

Solution

.

lox

a1
I

1-

er:-l-mrz. o
2
]

0.2><10=E x 1 x(02) xo

4= 0040

o e =100 rad / s°

0.04
@ = + Al
“’r=0 + 100 x 5

o, =500rad/s
2- e :-?L;—(D—I- X At
6w D o ko 550 rad
1 _ rev
Nrev=(1250rad ) x | — X —
( e (21!: rad)
625
=Trev=199rev



L DO On L m e oo O

We assume a disc of radius r can rotate around a hor-
Izontal axis passing from the center of the bases. A
tangential force influenced on the edge (F ) notice the
figure (18) after passing a period of time (t) the disc ro-
tated an angle ( 8) and the point influenced by the force
(a) rotated an arc of distance (s) by that the force did
Figure 18 work:
Work = lorce . disalance
w=F.3
S=rb
SW=(rxF)o
T=rxF
AW=T.0
The rotational work done equal the multiplication of the rotational torque T by the angular
displacement ( 8). The work done is measured by {Joule), While the rotational torque is
measured by (N.m) and the angular displacement by (rad) "radian” and since the rotational
work done (W) that equals the change in the rotational kinetic energy AEKx.:

W = AKE,.. N 4 R
W= i Loy - —1m
-
W= ‘ltm - o)
Since the rotational power (Pr) is the time ratio of work done then:
\\Y 6
P =— 3R =
{ |
6
W= —
l
(.._;.; —.("‘—.'_’; —a P _t.(T;.,

4

That means the rotational power (P) equals the multiplication of rotational torque by
the average angular velocity and it is measured by Watt,
|



Example @

An electrical engine has power (1.72 x 10" watt, rotating with average anguiar velocity of (500
rev/min) how much is the rotational torque that work to rotate 7

21 50
: =500 x — = ——rad's
Solution 60 3
S50 Ik 1.72x 10’
Pmc:txo');l\ﬁztx_ = t=
, 3 50T

T = 3286 N.m

Angular momentum

The angular momentum (L) of the rigid object around its rotational axis is angular momentum torque
around the rotational axis and it is a vector quantity which depends on the inertia torque (1) and the
angular velocity((1)), as the linear momentum depends ( P) on its mass (m) and its linear velocity (V).
and the angular momentum is measured by (kg.m?/s).

Figure 19

By noticing the figure {19) you find that the angular momentum can be given by:



Conservation of angular momentum law

if the inerfia torque of an rigid object changed from (Is) to (lz) during its rofating around a fixed
axis without an influence of net external torques on the object then its angular velocity will change
from (). to ), and that is because its angular momentum (L) remains constant (in the magnitude
and direction) during rotation, which means the angular momentum of this object will be conserved during
rotating around a fixed axis ant the statement of the conservation of angular momentum law of an
object or group of objects:

When a net external torques influencing in a rigid object or a system of rigid particles is zero, then the
total angular momentum of the rigid object or rigid particles system remains constant.

An example for that, an ice skater notice figure
(20) increases his angular speed by lowering
his arms aside and featuring his feet to each
other so the torgue inertia around the fixed
axis of rotation decreases with the angular
momentum remains constant,

Figure 20

final angular momentum=initial angular momentum

lo, = Lo,

Practical applications for the conservation of angular momentum (Ballerina, the swimmer
spits his bady when he jumps from a swimming board (jumping platform), a circus player)
and others...



Questions of Chapter 7 (Part2)

Q1/ Choose the correct phrase from the following statements

1-If a disc rotated around its axis with a regular angular momentum, the amount of one of the following quant-
ties Is not zero

a- Angular acceleration of the disc

b- Rotational work of the disc

¢- Angular velocity of the disc

d- The net extemnal wrgues influencing the disc

2- A student stands at the edge of a circular platform that rotates horfzontally around a vertical axis passing
through its center. If the student approaches the center of the platform slowly (without the effect of external
torque), the student’s angular momentum

a- Increases

b- Remains constant

c- Decreases

d- Equal the angular momentum of the platform

3- The (Joule.second) is the unk of:
a- Power

b- Rotational torgue

¢- Rotational acceleration

d- Angular momentum

4- The time rato of the change in angular momentum represents:
a- Rotational torque

b- Rotational work

c- force

d- Angular displacement

5- A train rotating on a circular rail in a horizontal level with constant speed then the thing change in the train
wheel is:

a- Angular momentum

b- Inertia orque

¢- Angular velacity

d- Rolational kinetic energy

Q2/ Explain the fofowing:

1- Balance on a moving bike easier than balance on a parked bicycle.

2- A body can have an angular momentum even though the angular momentum in it is zero.

3- The person extends his arms (or holds a horizontal stick) when walking on a tight horizontal rope.

"



Problems of Chapter 7 (Part2)

P14/ A car started moving from static, the diameter of its wheels was (80cm) and regularly accelerated till it
velocity became (20mvs) through (25s) what is;

1- The angular acceleration of each wheel

2- The number of revolutions that each wheel rotate at this time.

P2/ A wheel rotates with a regular angular velocty when an Anti-torque influenced it which caused the wheel
10 stop after rotating (50rev) through (10s) what is:

1- The initial angular velocity

2- The angular acceleration

P3/ A disc of radius (0.6m) and mass (80kg) rotate with a velocity (3600 rev/min) how much is the torque infiu-
encing the disc 1o stop the rotation through (20s)?

P4/ A whesl of diameter (0.72m) and inertia torque (4 8kg.m?) a 1angential force influenced its edge with (10N)
where it started from stalic, what is:

1- The angular acceleration

2- The ratio o! the rotaticnal power resultant from the angular work done through (4s)?

PS5/ A disc has inertia torque of (1ka.m?) was rotating with regular anguiar velocity, a tangential anti-torque
nfluenced the disc, and stopped it from rotating with reqular angqular acceleration after (4s) where the rotational
work done was (200J) how much is the anti-torque Influencing the disc?

P6/ A solid ball of mass (0.5kg) and radius (0.2m) rolled from static from the top of a coarse oblique surface of
height (7m) whal is the tolal kinalic energy n the battom of the oblique surface knowing that the inertia torque
of the salid ball is 1=2/5 mr®



Chapter 8: Wave, Vibrational Motion and Sound

Periodic motion

You have seen the motion of the pendulum of the wall clock, the movement of strings in the musi-
cal instruments, the movement of the children’s swing, the movament of the simple pendulum, and

the movement of the weight suspended in the spring notice figure (1).

= Figure 1 ;-)

All previous movements repeat themsealves over and over again at regular intervals around their
positions of stability. Such movement is called perodic motion
When the body displaced from the position of stability or when it moves away the power of the body

to restore the position of stability is called restoring lorce.

Vibrational motion

The movement of the body back and torth (in opposite directons) on both sides of its stabilization
postion iz called vibration movement (Figure 2)and its vibrationamplitude is gradually damped due 1o
the presence of energy dissipating forces (like friction forces with the vibrating medium), Vibration

- "\ motion is a special case of periodic motion and the generation
period one \ i AN ; A
——I.' ) and continuity of vibration moticn requires:.
vibration 1 Restoring force
Nt - Continuity
, Source equipped with energy
““-—" Il
L
G amplitude )
Figure 2
|

“‘ I158



Simple Harmonic Motion

To identify the simple harmonic mofion, is every vibration motion considerad a simple harmonic

motion?
& i To answer this question we discuss the motion of the object
@ x| shown In figure (3) that is placed on a frictionless horizontal sur-
face of mass (m) that is lide by one side of a spring and the other
b) | l =4 side of that spring is fixed 10 the wall and the mass is in static at
F— x| the position of stability (x=0). When a pulling force( F) influence
g x=0 the mass(m), it displace it from its position of stability a displace-
o | ""’ meni(%) to the right as in figure (3-b). By this, a work is done on
. L : x| the spring and this work is stored as elastic kinetic energy, as
X ST 0 J aresult the spring that will influence with a force( Fx )it is the
Figure 3

elastic force of the spring that Iries 10 return the mass (M) into its position of stability, and this elastic force of

the spring equals the magnitude of the force that influence the object and has opposite direction which

is called the restoring force,

And when the spring is pushed by the force( F) to the left then the mass will displace a displacement X

to the left, where an opposite direction and equal magnitude force will appear which is the elastic force

of the spring (F ) to the right notice figure (3-c) and the restoring force of the spring Is represented by
Hooke's Law as follows:

rSpring force F - (spring constant ) « displacement

is"\ = k-x.
Where
F. = Therestoring force measured by (Newton)
K = The spring constant measured by (N/m)
X = Displacement measured by (meter)

The magnitude of the restoring force is direcily proportional to the displacement and in opposite direction
to it (negative sign) and by neglecting the friction force then the mass will move to the right and left with
the same range so:



The simple harmonic motion is known as: a vibrational motion on a straight line,which the restoring
force and it’s the resultant acceleration are diractly proportional with the displacement that occursio the
vibrating body from Its position of stability and in the opposite direction.

—.
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Actlivity

Representing the simple harmonic motion graphically e

2

Tools: . graphical
An object of mass (m), sprng, pen moving on a graph- l paper
ical paper roll that is rolled around a cylinder of vertical

axis as shown in figure (4).

Staps:

» We tide the mass with the free side of the spring then
we fix the pen by the mass so its top can touch a graph-
ical paper roll, Notice figure (4).

= Pull the mass with a small force downward and leave
it move freely a vertical motion then rotate the cylinder
so the graphical paper pulls vertically. graphical paper motion
* What is the shape that pen will draw?

* The simple harmonic motion representation will ap-
pear cn the graphical paper that is similar tosin 8 and cos 6
curves that you previously studied in math.

And by retuming 1o figure (2) we see that the full wave
is the motion of a vibrating body when il passes a
certain point on its path twice and in the same direction,
while the wave amplitude is the maximum displace-
ment of the vibrating body from its position of stability
and the time needed to complete a full wave is called
period and has a symbol T

TN

the direction of the

Figure 4

Time of many Vibration

Period(T) = — :
Number of Vibration

Frequency is known as: the number of vibrations that the object vibrates in one second
and it is measured by Hertz (Hz).



00 Relation betweenlUD 0 0 circular
motion and simple harmonic motion

™\ It is possible to observe this relation in the laboratory,
by means of a small ball model placed on a regular
rotating rotational disk (at a regular angular velocity
() so that it casts light on the ball to fall its shadow
vertically on a horizontal screen placed under the disc.
Notice figure (5).

-

lamp

Q

\

ball
P
turning table
5 Screen

P
shadow of the bill}

Figure 5

Note that you will see the shadow of the ball on the
screen at different locations and that it will 1ake the
shape of a sine wave that moves forward and backward
with a simple harmonic motion. Notice figure (8).

\ s
\ o
N v
- = ™ e
— =
- - P
- -
- — =
—

\_— = shadow of the ball

(A

Figure 8
Cos 6 Each periodic movement that can be represented by
I /;A\ / a sinusoidal pairing is a simple harmonic motion. Note
. S | Figure (7) as follows:
Sin 6 = \/ x = Asinf
Figure 7
Where:
©= angular displacement
A= wave amplitude
X = displacement



The simple pendulum contains a ball suspended at the end of a weightless and Non-elongated
thread of length (L), and the other end is fixed by a fixed point (o). Il the ball was pulled aside
and left to vibrate then it swing back and forth around a certain point calied the position of
stability notice figure (8) and by neglecting the friction forces, and assuming the displacement
is small and the angle that the thread make with the vertical is not mare than 5%, then we can

f

0

\

Figure 9

consider the motion of the ball as a simple harmonic motion so

when the ball move from ato ¢ 10 b and then return to ¢ then to

a it will be completed a full wave.

Notice figure (9) then answer the following guestions:

- What are the forces influencing the ball at any point in its
path?

- What is the influence force causing the acceleration of the
ball?

You find that the restoring force F_, equals:
F_ - mgsin@
What does the negative sign mean?

Since the restoring force F_ of pendulum is similar to moving
force of a system (spring , body).

—

F k¥

T=27!E

~
Where:

L : the length of the pendulum threao
g : the acceieration of the Iree fall
T : time period

A pendulum clock has a thread of 1m. Calculate the time period of it if its pendulum was
swinging back and forth with a simple harmonic motion, knowing that g = 9.8 m/s®

Solution

T=2r £=>T=2::JL2
g 98m/s

=325



Damping simple harmonic motion

We know that the pendulum, which moves a simple harmonic movement, its movement continues
as long as the energy of the system is conserved . But when an Obstructive force exists as a friction
force, such as when a weight is suspended with & spring is immersed in water or high viscosity fluid
notice figure (10) this movement does not continue, its vibration gradually damping , This type of

vibration is called damping vibration as shown in figure (11).
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Figure 10 Figure 11

It is clear that in order to vibrate any system for a cerntain period of
time has to be supplied with power continuously to compensate for
the energy lost during each pulse and by doing work against the
forces of friction, as in the case of pulling a children swing continu-
ously to supply the system with the energy lost at each frequency

Figure (12).

Figure 12

Damping vibration also has practical application
henefits. In the vehicle's shock absorber system
(suspension), the shock absorbers dampen the
vibrations caused by the vehicle's passing on

road bumps notice Figure (13).

shock alsciers
oil
spring

Figure 13



p,. -

Figure 14

If you think about what around you will find a lot of wave phenom-
ena that you see every day, such as: Disruption of the surface of
static water when a stone is thrown into it and the energy-carrying
waves are in the form of concentric circles from the point that the
stone fal! In to the sides As well as the movement of seismic waves
in the Earth’s crust energy transporter on the surface of the earth
as well as the spread of the sound of the strings of musical instru-
ments vibratlng In the air through the vibrations of air molecules.
The waves are considered energy transportation methods in all its
forms notice figure {14).

Wave motion is a disturbance caused by an energy source. We
will begin our study of the waves by discussing whal can be under-
stood - the wave generated by a Taut string.

Ml Pulses in a string

Figure 15

11 the end of the string is set tightly and the tip of the other end moved
very quickly 10 the top or bottom a disturbance will be generated
which is called a pulse and This pulse moves to all the parts of the
string, carrying energy (potential and kinetic) without the passage of
the string molecules with it, notice figure (15) the pulse move through
the string with velocity (L) cutting displacement (x ) [x =V.t] When
the string vibrates, each particle vibrates a simple harmonic motion
up and down and the maximum displacement of particles fram posi-
tions of stability is called amplitude (pulse amplitude) The pulse trans-
mitted through the string with the speed v called the pulse speed,
so the wave generated In the string Is a series of pulses.

The speed of the wave in the string depends on the tension of the
string (T) and the mass of the length unit of the siring (linear mass
density) p.



Where:

b= T (kg/m)

[Tension in the string
Wave speed =\ /i1 mass density

) AL Sp— f_T_
u m/L
Where:

T: is the tension in the string

y + is the Linear mass density whichis measured by _“;f’l_ :

The distance between two consecutive peaks or bottoms is equal to the length of a full
wave ) and the time of the one cycle (T) of the wave is the time required to vibrate any point in
the path of the wave (one vibration) one cycle and ﬂlre frequency f is:

f=7
v X

T
A=0T

It Is worth mentioning that the above relations are cor-
rect for all waves, as The frequency of the wave is
determined by the frequency of the source generating

and the wave speed depends on the characteristics

__/\ of the medium in which it is moving in (such as elas-

' .
(a fixed tip (v free tip ticity and density). When a pulse is generated at the
Figure 16

tip of a string and the other end is fixed at a barrier the
pulse will move through the string to the right and reach the barrier and influence it with a force

upward But the barrier will influence the string by the reaction force that is equal in magnitude and
reversed in direction downward and this force will cause the movement of the string downward to
drop from Its position of stability then The pulse is reflected (the crest is reflected to be trough and
the trough is reflected 10 be crest) and this is called the coup. Thus, the reflected pulse varies by a
phase difference of 180 ® from the falling pulse. If the tip of the string is free, it moves up and down,

then the reflected pulse does not receive a coup in phase (In the same phase) notice figure (18).



Example R&

A guitar string with a mass of 20g and a length of 60cm what is the amount of tension
required in the string to be the wave speed of 30m/s?

Solution s EE.
“VYm/L
20 )
com’ 1000 X B% 002 x 900
R - 60 0.6
T = 30N 100

Principle of superposition

( 1 b \ Most of the wave movements that we hear or see or
N feel in our lives contain a large number of waves, such

i — ) as the light of the sun which consisis of the seven col-

2 ors of the spectrum,and the sounds we hear that can

”ﬂ be spread independently may meet and give a single

b ]

. 7 \ / -‘n - | through a point in a string and at the same time their

Figure 17

wave movement this phenomenon Is called the Princi-
.2 ple of superposition waves, The principle of superposi-
tion can be clarified as follows: When two pulses move

net displacement at the point of convergence will be

aqual to the total of the two waves of the resulling pulses each individually in the same string,
and The pulses then appear again after the convergence and continue in their original path

regardless of the presence of the other pulse natice figure (17).



& &= A This behavior of the pulses at convergence is called Princi-
b ple of superposition. When two pulses pass in opposite

directions and with the same amplitude (the phase difference

i a+b is 180 °), according to the principle of the superposition the net
D displacement at the point of convergence is equal to zero, and
'—/\ \/_._ then the impulses return to their original path after the point of
k. ' J tonvergence notice figure (18).
Figure 18

Periodic waves

1 Periodic waves are waves that repeat themselves at

regular intervals, and all types of periodic waves have

v I | theform of the sinusoidal wave (sine wave-form) so it
can be represented by the sine curve or cosine curve

Figure 18 like water waves and light waves notice figure (19).

Since the particles of the moving material in the vibrating medium move a simple harmonic
movement in a vertical direction to the direction of the wave, which has the shape of the sinusoi-
dal wave. Periodic waves can be described in three quantities: wave speed v ,wavelength A, and
frequency f . Which are related to each other in the following relation:

wave speed = frequency - wave length

v=fA

Examplio 3

A radar sends radio waves at a time of 0.08s and a frequency of 9400MHz if you know
that the speed of radio waves is ¢ = 3 x 10® Vs find:

a- Wavelength

b- Number of waves



Solution

r=S o 3 x 10%m/s
f 94x 10°Hz
A=319% 10°m = 3.19cm

n=/1=(9.4 x 10"Hz )(8 x

107%s) = 75.2 x10" numbers of waves

Kinds of waves

In your previous study, you knew the types of waves, the waves types are known as:

direction of motion

Figure 20

amplitude wavelength
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the wave propagauori line:

Figure 21
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Figure 22

1- Transverse waves:

As in the waves in the one-sided tensile rope and the
spring where the medium particles vibrate in a
vertical direction on the wave propagation line, notice
figura (20).

The transverse wave can be represented by a cosine,
sine curve where the x axis represents the stability po-
sitions of the vibrating medium particles and the y axis
represents the displacement of the particies from their
stability positions notice figure (21).

Transverse mechanical waves can only be applied in
flexible mediums whose particles have sufficient coher-
ence forces Such as solid objects and free surfaces of
liquids as the vibrating particle can move the adjacent
particles perpendicular to the direction of wave propaga-
tion. And Transverse waves that do not need a physical
medium for transmission are electromagnetic waves,

2- Longitudinal waves

In which the particles of the medium vibrate parallel to
the wave propagation line as in Figure (22) as in the os-
cikator and the sound waves, as the vibration of a tuning
fork in the air generales a series of periodic compres-
sions and rarefactions over time spread through the air.



/" compression rarefactions
The longitudinal wave can be represented by draw-
ing by close straight lines represents the compres-
sor regions and others occasional represents the
rarity regions or it can be represented graphically

LTV DL ) i oottt motes s
\ l l P curve of the longitudinal notice figure (23).
Figure 23 The speed of the wave represents the distance that

the peak of the wave far from the deep or the compress center or extract center from the waving center
in one second which depends on:

1- The kind of the wave

2- The nature of the transportation medium for its elasticity and density.

The speed of the longitudinal wave in different mediums depends on the elastic coefficient and the
mass density of the medium that is:

direction of wave motion 3
peak

Some wave shows as the water waves by the com-
bine of two kinds of wave's transverse wave and
longitudinal wave notice figure (24) when the wa-

ter r te on th ter surface th
Figure 24 er waves propagate on the deep water surface the

particles exist on the surface moved in circular path.

Where the transverse displacements are the change in the vertical change of water particles. And the
longitudinal displacement happens when a wave passes on the surface of the water, the water par-
ticles move at the peaks in the direction of wave motion while the particles move at the bottom in the
opposite direction where the particle that exist on the top will be in the bottom after half a cycle so it mo-
tion is the direction of wave motion will vanish because of the existence of the opposite direction motion.
And this is applied on all particles afiected by the wave so that the waves are on the water surface. As
in three-dimension waves that are resultant from earthquakes under the ground contains two kinds of

waves (transverse wave and longitudinal wave).



As we study my dear student in the previous level of
your study about the nature of sound is a kind of ener-
gy that transfer from a place to another as longitudinal
wave in physical mediums that reach the ear so we
hear, and to generate the sound there must be a vibrating
source in physical medium,that transfer the vibration it may

be gas, hiquid or solid. the sound wave cannot be trans-

Figure 25
speed of sound in various media
vem s,
gases
1286 hydrogen «0€C,
972 helium (0
3:5 ] air t 20C-a
331 air < o?:”,'
317 Oxygen ‘(')‘(':," .
Liquids at 28C
1533 Sea water
1493 water
it -
1450 mercury
1324 kerosene
F— —l ; .;_; =1 7methgm;0hol
926 carbon tetrachloride
solids
12000 dimond
5640 pyrex glass
5130 iron
SL00 aluminum
4700 DBrass
3560 copper
1322 o l_.e-nd
1000 rubber

ferred through a vacuum notice figure (25) two sources
are sending sound waves in the air, The frequency of
the sound vibrations that is hearable by humans’ ears
is between (20-20000Hz) so the sound generated from
the vibration of loud speaker (conver the voltage into
sound frequency) cause changes in the air pressure,
then the air particles vibrate around its position of sta-
bility, and since the pressure is iregular then the air
particles acquired a force as a result to change in air
pressure then the force direction always far from the
compress regions and in the direction of rarefaction then
the air particles move right and left in the direction of
compress and far from rarefaction and the speed of sound
depends on the nature of medium that transfer in it,
then the speed in solids bigger than the speed in lig-
uids and the speed in liquids bigger than the speed
in gases and you can notice in table (1) the different

speeds of sound in different mediums.



The speed of the sound in the solid objects depends on the elasticity and density of the medium, the sound
speed ato"c and pressure (1atm) in the aluminum 5100m/s , while the sound speed in the air at the same degree
of 331m/s.

On this basis. the sound speed can be formulated with the foliowing ralation:

v‘ sound speed

Y | Young's modulus Y

V=

P density of medium yo,
Examplelad’)

If one end of an aluminum roads knocked with a hammer a longitudinal wave propagate through the road, Caleulate
the sound speed in aluminum road. Note that the Young's modulus of aluminum is equal to 7x 10'° N'm?, and
the aluminum density is 2.7x10? kg/m?®

Solution

710" N/ m?
; J N —5091m/s speed of sound in aluminum

““Np V270 kg
This result is much larger than the amount of the speed of sound in the gas, as shown in the table {1) so that
the solids particles are linked mare coherent manner and the response to the disturbance is more rapid.
The speed of sound in gases depends on the type of gas and its temperature when temperature increase for
one Celsius degree the speed sound in the air increases by 0.6m/s then the speed sound in air at a tem-
perature T:

V=331:06T

The sound speed is increased by increasing the humidiy in the atmosphere because the density of the wet air
is less than the density of the dry air and the speed of sound in liquids is given in relation 10

JE
P

where B represent liquid elastic coefficient and measured by N/ nt.



Examplels:

Calculate the speed of sound in the water that has elastic coefficient 2. 1x10° N/m? and density
1x10° kg/m?

Solution o - [B _ [21Xx10°N/mM® | o the speed of sound

s P 1 % 103kg/m3 in the water

Interference of wave

You may have sensed that you can clearly hear a person’s voice even though his voice intersects
with other voices, Have you ever wondered what happens when two or more waves meet in
the same medium ?

What impact will this meeting have? These and other questions we can answer, after the
following activity:

r

R Activity:

Statement of interference phenomenon in sound

Tools:
g The quincke’s tube is composed of a metal tube A with
R two branches containing two side openings, P and R, and

this tube slides into another tube B uses wbe B to
change the length of the path (PBR) notice figure (26).

e s M
Figure 26

Steps:

- Hit a tuning fork or any other sound source at the P hole and a compression will occur

- Move the tube B so that the PAR-PBR paths are equal, i-e the two compression will reach the R hole
at the same moment, we hear the sound at the R hole clearly.

- Pull the tube B gradually outwards and increase the length of the path (PBR) from the path PAR
and continue to pull the tube, the sound is absent at a certain positon and the drag continues to
increase the intensity of sound again.

- When the length of the two paths are equal (PAR) (PBR), the waves arrive from the two paths of the hole P
and are same in the phase will meet thecompression of the first path with the compression of the second
path and also meet the rarefaction of the firgt path with the rarefaction of the second path will strengthen



the sound which it means constructive interference. ,

- When the length of one of the two {ubes is different from the other length, the path dﬂetenoe(%) will then overlap

the compression from the first path with rarefaction frome | the second path, causing an adestructive interlerence
that results in a2 decrease in sound as the enargy of the resulling wave disappears.

We conclude that:

The process of corvergence of a set ol waves of one type al a time called interference of waves and to obtain

a clear and continuous interference pattern must have the same Interfering waves the same amplitude and

frequency itseli.

When the confluence of waves occurs, two types of interferance occur:

¢ Constructive interference:
When the waves overiap, a reinforcement occurs in the resuiting wave, called a Constructive interference

atinterference of the meeting or peak of the wave with another wave peak meeting 01 the two wave-
bottom - Notica Figure 27a.

constructive interference

e T

Figure 27-a
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* Destructive interference

Where the waves cancel the elfect of each other, such as the confluence of the peak of the wave with the
bottom of another wave. Note Figura (27b)



Destructive inter ference
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Figure 29

Think ¢

it is not allowed for the soldiers to walk on bridge regularly?

Figure 27b
Resonance
i B
A If a periodic extemnal force is affected in a vibrating
% system and the influence force frequency fis equal
2 to the normal frequency of f . that is.
¢
2 f=f.
5
The relative amplitude of the system vibration is in-
. W, ax L W& ) creased. Itis then said that the force is in resonance
Figure 28 with the system and the frequency in this case is

called the resonance frequency and that the system
has the maximum energy natice figure (28).

This situation can be observed as it increases vi-
bration swing amplitude when the person standing
behind it push it strongly towards the movement at
each pulse at the same frequency notice Figure (29).



Beats

frarefactlon compression rarefaction compression

small ’ T
distcincc

N o B

Figure 30

If two tuning forks with slightly different frequencies
notice figure (30) then we will hear a vaice of varying
intensity periodically and this phenomenon is called
beats, which is the periodic change in intensity at a

point as a result Of the interfer of two waves
with two slightly different frequencies.

The frequency of beats f equal to the difference between the sources frequencies as follows:

R e
The phenomenon of beats can be easily recognized It the difference between the interfering waves

frequencies is small, not exceeding 10Hz, depending on the ability of the human ear to dis-

rarefaction

compression

O

\

tinguish it. In general, the human ear
cannot distinguish two-tone beats if the
frequency difference between them is
greater than 7Hz,

The wave frequency (f) resulting from
the waves interference Notice Figure

(31)1s equal to the average frequency

of the waves:

\ M8 £
compression JRERESIE_—

. 2

Figure 31

Where;
F, 1ne first wave frequency
f. the second wave frequency

The Beats phenomenon Invested to indicate:

- The frequency of a tendon in a musical instrument.

- Anonymous frequency of tuning fork mediated by other tuning fork.



6
It is intended to set the frequency of a tuning fork near another vibrating one of frequency 446Hz, which was
heard from it 7beats/sec. How much is the frequency of the unknown fork?

Solution Va N
JSa=h-1a
7 - j-l e 446 tuning fork

tuning fork

—_ - of un known of known
ﬁ = 453”‘ 24 frequency frequency
7=446- 1,
S, =4391z |

I\

To know wich frequency is the correct one, put a load on un
known frequency fork (the frequency decreas) if :
1- Beats per second decreas then f,is the corrcet frequncy.

2- Beats per second in creas then f,is the corrcet frequncy.

Think?

How can you get the phenomenen of beats using two equal frequencies tuning forks?

Standing waves

You may wonder what is the phenomenon of waves standing? And how do they occur?

is it all wave happen?and the most important practical application on it?
These and other questions you can answer after doing the following aciivity:

Activity

The standing waves in the string

Tools

Tuning fork, string, weight. Figure 32 .
Steps

- Fix one end of the string with one of the sub-branches of the tuning fork as in Figure (32)

- Make the other sub-branch of the string passes on the pulley and the weight hanging from it.

- When the tuning fork vibrate, after controlling the length of the string or changing the amount of weight or



both to make the string vibrate with an integer numbers of halves of the wavelength What do you notice?
Generated waves will be refiected at the end of the string and bounce in the opposite direction 1o meet
with falling waves composed of standing waves the string is divided into several regions consisting of

a nodes and an antinodes , The amplitude of vibration, energy and velocity of the medium particles
are absent at the nodes while The amplitude of vibration, energy and velocity of the medium particles in-
creases between each two nodes and the largest amplitude IS at mic-distance between each successive
nodes Which are called the antinodes and the places of these antinodes and nodes are fixed so these waves

f antinode node A
a4
" fl
ia)
A=2l
nodes =2,
antinode
® XL
/= J’.
“’ o2
k. 3 J
Figure 33
L=n. %
Wheren=1,2,3 ...

From the relation: v = 4 f
Frequency is given by the following relation:

v A\
,- i .- a.i
If n=1,

v
fs'zt

are called standing waves or stationary wave , The standing waves

are those waves that arise from the interfer of two equal waves in

frequency and amplitude that go in opposite directions and have
same speed in ane limited medium.

Figure (33) representing standing waves generated in a tight
siring between two points. To find a relation between the length
of the vibrating string and the wavelength of the standing wave
notice figure (33).

- How many antinodes are in each case?

- How much is the distance between every two nodes of the
wavelength of the standing wave in each case?

- What is the relationship between the wavelength and the length
of the string?

Depending on your answer to the above questions, then:

string length (L)=number of antinodes (n)x %l

Where f, is known as Basic frequency or first harmonic.
If n=1, f: is known as second harmonic.

!]g %
Andsoon...



Eoample 7

In figure (34) a string of length 42cm in which a standing waves of six antinodes and speed 84 m's was generat-
ed, find the wavelength and the first and second harmonics?

Solution
L«n. 3 ‘ ‘
2 when (n) is number of antinodes
042 =6x(%)
A= 0_42_ =(.14m  length of standing wave
we find t}\l,e first and second harmonics by relation. figure (34)
f=n. I
fi = ;:::2 = 100Hz frequency of first harmonic
f , = i?i = 200Hz frequency of secand harmonic
2 x042

f,=2f,
Sound characteristics

Tha voicas diffar from aach other with three basic characternstics:
1) Loudness of the sound.

2) Pitch of the sound

3) tone of the sound.

(1) Loudness

The loudness of the sound is related to the intensity of the sound that has an etlect in the ear that gives us a sense
of loudness or lowness. Voices around us may be as high as the sound of thunder may be as faint as
whispers and sound intensity at a certain point is known as:



((The time average of acoustic energy to unit vertical area of the wave, which is centered at that point))
notice figure (35).

Sound intensity =(Acoustic power)/area

P - acoustic power measured by (watt)

A . the area measured by m?
| - sound intensity measured by Watt/m?

-

o>

source d ¢ h
istant from the source
. J

figure 35
The intensity of the sound at the point from the medium depends on:

1) The distance of the point from the source: The sound intensity at a particular point is inversely proportional
10 the square of the distance belween the point and the sound source.

2) Amplitude and frequency of source vibration: the sound intensity is directly proportional to each of the
square of amplitude vibration sound source as well as to the square of source frequency.

3) Surface area of the vibrating source : The intensity of the sound increases as the surface area of the vibrat-
ing body increases:

4) density of propagation medium: The Intensity of the sound increases as the density of the vibrating medi-
um Increases.

iy



'Rl Measuring sound levels

you have already studied dear student that the sound frequencies that are sensitive to the human ear well
are between 20000Hz - 20Hz, and do not hear the sound if the frequency is less than 20Hz (the frequencies
of the infrasonic wave ) and greater than 20000Hz (the frequencies of ultrasonic wave ).

The relationship between sound intensity and loudness is not a direct relation, but is a logarithmic relation-
ship, as the human ear does not equalize the sounds of ditferent frequencles and equal in intensity.

The human ear senses the intensity of the sound about 102 Wawm? 1ill (1 Wawm? ) when the sound
frequency is 1000z and the intensity 10''2  Watt/m® was considered to be the beginning of the hearing
and it was cabled the hearing threshokd, and a logarithmic scale was used to calculate the intensity level of
the sound that intensity (1) is:

L, (decibel) = lO[log,oTI-)

o

The intensity level L, represents the logarithmic relation between the sense of loudness and its intensity at
a particular frequency.

Where:

I : Represents the hearing threshold of 10**  Watt/m?

L,: Represents the intensity level thatis measured by (dB) decibel

It should be noted that the level of sound intensity at the threshold of hearing is ZERO because:

-12

L, =10log :0 =10log,,(1)=10x0=0

O-IZ

And since the greatest intensity that ear can hearis (1 Wat¥m? ) Then highest level of acoustic intensity
at the pain threshold is:

L,=1010g]0%= 10log,, 10" =1204B

Tabke (2) shows the intensity levels of Gitferent sound sources



Table (2) the intensity levels of different sound sources
Sound source intensity level of the sound (dB)
Nearby jet airplane 150

Siren’ rock concert 120

Subway, power mower | 100

Busy traffic 80

Vacuum cleaner 70

Normal conversation 50

Mosquito buzzing 40

Whisper 30

Rustling leaves 10

Threshold of hearing 0

(2) Pitch of the sound

f1 /I\I/I\!/I\ It Is asound propery that depends
on the frequency of the sound
waves that reach the ear, which

f2 MMA/ distinguish between the sharp

\ >

sounds like the voice of the wom-

Figure 36
an and the thick sounds like the voice of the man? If the irequency of the tone is small,

the tone is said to be low- Pitch. If the frequency of the tone is high, the tone is said to

be of high Pitch. Notice figure (36).



(3) Tone of the sound

It s this characteristic by which the ear is distinguished between the similar ones In the degree and infen-
sity of the different musical instruments, For example, a tone of tuning fork of 256Hz can be distinguished
from another tone with the same frequency from a piano or violin. Dapendng on the type of source and
the sound generation method, notice figure (37).

A

f

1

Figure 37

Dlofy o ufknow,

Rools and walls are furnished according
o the purpose of the use of rooms and
halls. The ceilings designed for high fre-
quency are usually flat and solid. The
rows, libraries and quiet spaces are aften
soft and covered with sound absorbing
material. Notice figure (38).

Figure 38

Two identical instruments were placed on the same dimension of a worker, the intensity of the sound comng
from each maching to the worker's position is (2x107  Wattm?). Find the level of intensity heard by the
worker:

- When one of the instruments is working
- When both of the instruments are working



Solution

a) we calculate the intensity level L1 at the position of the worker when one of the two
machine is warking from the following equation.
L,=10log,, :—

2% 107 watt / m*
“Ix 10" watt [ m*

L“=10|0g =53dB

b) The intensity is muttiplies to 4x10" Watt/ m? , so the intensity level in this case is:
|

L., =10log,—

|0

4x107 Watt/ m?
"1x10" Watt/ m®

L, = 10 log = 56 dB

that’s mean when the intensity mutliply, the intensity level increases by 3dB only.

Think ?
The violinist plays solo and then joined by nine musicians and everyone plays the
same intensity as the first musician.

a) When all the musicians play together, how much intensity is the sound of the group?
b) If ten other musicians join, how much more intensity in sound from the one player
case?

Ultrasonic waves

Ultrasonic waves are mechanical waves that propagate at the same speed as sound but have a
high frequency of more than 20000H; and its practical applications:

* Investing in the set dimensions and depths of the sea, as used by the bat in collision avoidance,
including blocking their way during the flight, as ultrasonic waves transmitted and reflected when
colliding with any obstacle, and the bat receives the refiected waves indicate the existence of ob-
stacles and avoid them, It is also used by humans to calculate the depths of the sea by sending
a signal from the ultrasound to the seabed and receive the signal reflected by a special receiver,
And by calculating the time of coming and going of the wave and knowing the velocity of ultrason-
ic waves in the sea water, you can find out how much the depth is,



« Invests in medical and surgical examinations, because each member of the human body, such as
tissue, bone and fat vary in their ability to reverse these waves when falling on them, When shedding a
package of ultrasonic waves on the part to be examined and receiving the reflected waves on the elec-
tronic device connected to a television screen showing the image area to be scanned and It is prefera-
ble to use ultrasonic to use X-rays to avoid the harmful effects of X-ray on the bady.

= Invest in manufacturing to check the homogeneity of the metal machine and detect defects.
« Invests in the alimination of some bacteria such as diphtheria bacteria and tuberculosis bacteria, as it
stopped some viruses and limit their impact.

« Invest in sterilization, purification and refinement: When an ultrasonic passes through a liquid, the
particles of the oscillating medium have more velocity and acceleration, and as a result, interruptions

in liquid contacts occur continuously. These Interruptions are bubbles and when the interruptions fail,

a momentary rise in pressure occurs thousands of times as much as atmospheric pressure, thus frag-
menting what is present in a liquid of molecules or organisms. Fat and oxide layers are also removed in
this way as well as in glass and ceramics.

« It invests in medicine for massage by moving it to the skin, causing its rapid vibration and muscle mas-
sage as it is used to break the stones in the kidneys.

Think?
Why do high frequency (ultrasonic) waves work
better than low-frequency waves when determining
the location by the echo in the Dolphing?
Notice figure (39).

Figure 39
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Doppler Effect

You may have noticed how the sound of a car alarm chang-
es as the car moves away from you. The frequency of the
sound you hear when the car approaches you is higher than
what you hear when the car moves away from you. The phe-
nomenon of change in the audible frequency from source
frequency if the medium or the listener or the source move
with respect to each other is called the Doppler Effect,

Doppler Effect is examined if the frequency of the audible

wave produced by a sound source changes in the case of a relative movement between the source
and the transmitter when the medium is stationary or moving notice figure (40) To illustrate this
effect, we assume that the medium is stationary and that the source of the sound and the listener
are approaching or moving away from each other, An example of this is the sound of the moving
train as the sound of the beep rises when the listener is close and decreases by going far away.
You will examine the Doppler Effect as follows:

a- When the sound source moves at a regular velecity towards a static listener.

r

J

approching

.

Figure 41

By noticing figure (41) we find that the sound source moves at a reqular velocity ¥, towards a
static listener, The actual frequency of the source( » )and the sound velocity in that medium (v} the
frequency of the audible sound is given in the following relation:



glg wavelenght "\ b- When the sound source moves backwards a
static listener:
\ moving car ___backwards /  Tne direction of the source velocity v, opposite to

Figure 42

the sound velocity direction v so we evaluate the source velecity with negative sign (- V,):

F'of——) f

In general:
If the source is moving at velocity vs and the listener Is moving at velocity v, atthe
same plane, then the general statement can be written as:

f= (-1——~) ~ U“J x f
v -,

Remembler:

I the source was moving at velocity vs getting close to the listener then we evaluate
the source velocity to positive. However, if the source was moving at velocity v, getting
far from the listener then we evaluate the source velocity to negative.

Iif the listener was moving at velocity v_ getting close to the source then we evaluate
the listener velocity to negative. However, if the listener was moving at velocity v get-
ting far from the source then we evaluate the listener velocily to positive in the condition
to evaluate the velocity sign positive if the direction from the source {o the listener and
negative if it was in opposite direction. And the velocity of (static source and static lis-

tener) is ZERO.

sound source

— —— .
"n ul

- — - - -
U. 0.
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One of the medical applications of Dop-
pler Effect is Doppler flow meter to

measure t_he blood flow notice

” - incident a
figure (43).

Figure 43

Bzamplo ©

A car moves in a straight line with a constant speed (72km/h) relative to a man standing on the pave-
ment and the alarm sound in the car makas a sound of frequency 644Hz and the sound speed in the
air then is (342m's). Calculate the amount of frequency that a man hears and the audible wavelength
when the car is moving: a ) towards the man. b) away from the man.

Solution:

‘-' ~ DII

=y ) % F

vV -V,

a) since the sound source approaching to the listener then the relocity source with

positive sign (with the direction of the sound wave spread).

L 1L BT
3600
342-0
f'= X 644
342 - (+20)
=312
322
f =684 Hz
’ LY . ’
= — (we assume audible wavelength ")
A I gth A
342
A= —=0.
684 0.5m



b)

since source sound is moving a way from the observer (listener) so the source velocity substitute

by negative sign (reverse the direction of propagation of the sound wave) v, = -20 SE

f:(u_-‘i'L) % f

M2-0 oy _ 342

= 342- (20 =5 > oA
I = 608.42 Hz
e T e D
= 7 = 0843 0.5621m

100
A cyclist moves quickly (5més) In a straight line relative to a static sound source of frequency (1035Hz)
and the sound speed in the air then is (345mvs). Calculate the amount of frequency and the wavelength
that the rider hears when he is moving: a) towards the source. B) away from the source.
Solution

£ =k U_-Uﬁ) T

Us
a) A cyclist moving to wards the source so the observer (listner)

velocity U, =(-5mVs) with negative sign (because it is in the opposite direction of

the sound wave propagation).

. 345-(5)
) = ——— x 1035
345-0
=390 1035
345
f* =1050 Hz
when the source is static the wavelength of sound transmitted by the source does not change.
vV =Af
o,
Ao=A= 7
K= 28 0.33m
1035
|

“‘ I188



b) since acyclist moving away from the source then the velocity of listener

y = (+5mys) positive sign (it’s move to words propagation of sound wave).
a

v [v=vw
f= =[x f
V=1,
P U)o
345-0
= —3—49— x 1035
345
f =1020 Hz
o N
A= ?\.—f
A = 345
1035
=0.33m

Shock waves

(a)
\ . J
Figure 44-a

i N\ When an arcraft moves at less than the speed of the sound,
the fronts of the waves in front of the plane are close, creat-
ing a pressure wave due to the movement of the plane and
the observer to the right of the plane measures a frequency
higher than the irequency of the source. Notice figure (44a)
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Figure 44b
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shock wave
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shock wave

shock wave
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Figure 45

Whnen the speed of the plane increases, the wave fronts in front
of the plane converge more and more and the observer registers
a higher frequency, When a plane moves at the speed of the
sound, the fronts of the wave are crowded in front of the plane
and move at the speed of the sound form a barrier of airand in a
very high pressure called the sound barrier, notice figure (44D).

When the plane moves faster than the sound speed, the wave
fronts are crowded one on top of the other, forming a conical
surface called shock waves which is A wave of thal concentrate
energy heavily in the area to be generated which is in the front
of the plane and the other at the rear of the plane and you hear
a thunderous sound. Notice figure (44c)

The casing of the fronts is conical. Neotice figure (45), and half
the angle of its head given in relation:
ut v

sin@ =

vt v,

VU, = Source velocity (plane)
L = Wave velocity (sound)



The ratio ( V,' V) is called Mach Number and Front conical wave when ¢ V_ 5 V) (ultrasonic velocily) It is known as

a shock wave, as In the case of jet movement at an ultrasonic spead, producing shock waves that produce
the loud sound that we hear.

Shockwaves carry a large amount of concentrated energy in the cenler of the cone, which causes significant
change in pressure. These shock waves are harmful 10 hearing and can cause damage to busidings when
aircraft fiy at supersonic speeds at low altitudes.

Think?

A plane flying in the air at a constant speed moved from a cool air mass to a hot air mass. Is
Mach number increasing, decreasing or remaining constant?

iy



Questions of Chapter 8

Q1/ Choose the cormrect phrase for each of the following:
1- Which of the lollowing does not affect the pericdic time for the simple pendulum vibrate in the air.

a- Thread length.

b- Ball mass.

c- Gravitational acceleration of the simple pendulum site.
d- Ball diameter,

2- A simple pendulum length of 2m and a Gravitational acceleration of 10 m/s?, the total vibration num-
ber within Smin is:

a-176
b-21.6
c- 106
d- 236

3- Eight waves pass through a certain point each (12s) and the distance between two consecufive peaks
is (1.2m) the wave velocity is:

a- 0.667 mis
b-08m's
c-18mis
d-96mis

4- In any of the foliowing Doppler effect does not occur:

a- The sound source moves toward the observer.

b- An observer moves towards the sound source.

c- An observer and a source stationary 1o each other,

d- The observer and the source meove in opposite directions.

5- A bus passenger passing by a parked car parked on the side of the road, The driver of the parked car
fired the alarm, what is the nature of the sound heard by the bus passenger:

a- The original sound of the alarm goes up.

b- The original sound of the alarm goes down.

c- The sound changes its level from a large amount to a small amount.
d- The sound changes its level from a small amount to a large amount.

6- The time that a shaky body needs to complete a single shake is:

e

a- Henz

b- Periodic time
c- Amplitude

d- Frequency



7- Transverse mechanical waves move only through:

a- Solid bodies

b- Liquids

c- Gases

d- All the previous

8- When you increase the intensity of sound (10) times the level of sound intensity increases 10:
a- 100d8

b- 20dB

c- 10dB8

d-2d8

9- The sound start-up in the air is a function for:

a- Wavelength

b- Frequency

c- Temperature

d- Amplitude

Q2/ what feature should be available in an object movement to be a simple harmonic movement?
03/ How many times a child swings on a swing through a position of stability during a single cycle time.
Q4/ What happens to penodic time in a simpie harmonic pendulum when;

a- Its length double

b- Its mass double

¢- Its vibration ampitude double

Q57 Does the penodic time of the simple harmonic pendulum at sea level differ from the periodic time of
the same vibrating on the top of a mountain? And why?



Problems of Chapter 8

P1/ What is the periodic time of a simple pendulum that vibrates harmoniously (12 cycle) through (2 min)?

P2/ A helicopter is about 10m away from a listener who sends its sound regularty in all directions. If the level
of its sound intensity is 100dB, the listener car hear so what is:

a- The amoun! of acoustc power produced by this aircraft,
b- What is the average time of sound energy falkng on an ear drum that hears its area (8x10? m?).

P3/ Calculate the change in the level of the intensity of the sound emitted from a radio if the sound power of
the radio changes from 25x10 7 watt to 250x10 @ watt

P4/ The acoustic power of the whistle is 3.55 Watt, at which disiance will be the intensity of the sound
1.2x10 watt/m?

PS5/ What is the ratio between the two intensities of two sounds for a istener if the difference between the
level of their intensities is 40d8.

P&/ A mural clock chimes makes a sound of 4xx10 ¥ Watt. Can a normal person hear these chimes I he
stands 15m away from them?

P7/ Musical instrument String has mass of 157 and length 50cm and the amount of tensile force 25N calcu-
late the speed of the wave in this siring?

P8/ Radar sends radio waves with a wavelength of 2cm and a period of time of 0.1s Calculate:

a- Wave irequency
b- Number of waves sent during this time period.  [Knowing that the radio wave speed is Sx10° mis]

P9/ What is the start of a sound source if it is moving at a regular speed relative to a gid standing when
the girl hears the frequency of the source sound increases by 5% of s real frequency and the sound was
released in the air then (340m/s).

P10/ a boy is moving at aregular speed (5m/s) approaching from static source, the boy heard the
frequency of source with (700Hz), and the speed was released in the air (345m/s), calculate the

real frequency of source.



Chapter 9: Electric Current

Introduction

Most of the devices we use in our lives depend on the presence of electrical power such as ra-
dio, lamp, television, refrigerator and computer, In order to operate these electrical devices there
must be a source equipped with electric power, examples of these sources: Dry battery, Liquid
battery and Generator, It is well known that the free electrons (weak link atoms) are responsible
for the formation of electrical currents in metal conductors. But we must remember that currents
may also arise from positive and negative ions as they are in electrolytic solutions.

Electric Current

= “Q 1o define the electric current, imagine that the mov-

— 0 " " -
@ M TSN ing electrical charges that cross the surface of a

_"3 cross section (A) as shown in Figure (1). If (aq) is
@ ——

Ve the amount of electric charge passing through a
./ - conductor section in the time unit (At) then:
Figure 1
= Quantity of Charge
Electric Currenl = =— s
[ime
= Adf
AL
_ voulomb C : _ :
electric current measured in units i this unit defined
Secol S
—_ by ampere
| coulomb
lampere = ———
Isecond

]




The Electric Current can be defined as the average time of the amount of electrical charge passing through
a conductor section.

The direction of the current is directed towards the movement of positive charges and opposite to the direc-
tion of the movement of negative charges. Figure (2) represents electric charges moving in two sections
of conductors. Note that the current passing through the conductor (a) is greater than the current passing
through the conductor (b). As that the direction of the current in figure (a) is to the right and 1o the left in fig-
ure (b). Because of the negative electric charges in a given direction is equal to the movement of an aqual
amount of positive electrical charges in the opposite direction.

The different electrical charges move in opposite directions in the electric field (E).

The movement of positive charges in the conductor in a certain direction is defined as conventional currerit,
and the movement of the negative charges (electrons) in the metal conductors is in an oppesite direction to
the conventional current,

Think ?
Figure (3) shows that electrical charges is moving across four sections of conducteors if you know that the
all charges are equal in magnitude -
1) Determine the direction of the current in gach section.
2) Sort out the four secticns according to the amount of current from least to the most.

(b) (d)

Figure 3
It is important to note that the velocity of the electrical currentis the velocity at which the electrical energy travels,
which is approaching the speed of light in the vacuum (3x10° m$), while the drift velocity of free charges in
the conductors is small. For example, a copper wire of 1mm diameter with an electric current of 1 A, the
electrons drift velocity will be(9.4x10= mS ).




The drift velocity is given by the following relation:

Curreat(l)
Drift velocity (v, )=
of charge Cross Section Area(A) - Number of Electrons per unit volume(N) . Electron charge(e)

V= I
ANe

Where:

Yo represents the drift velocity of electrons which is measured by ms .
N Represents the number of Electrons per unit volume.

A Represents Cross Sectional Area

¢ Electron charge.

!

When you press one of the pocket calculator buttons, the calculator battery supplies a current of
300x 10'® A in a time of 10'%s,

a- How much flowing charge is required for this time?

b- How many electrons are flowing during this period of time?

Solution
2 ElectricCurrent = Quantity of Charge
Time
e
At
Aq = IAt
= (300 x 10" A) x ( 107 s)
Aq=3x10°C
b- number of electrons (n)= TotalchargE(A(I)
electron charge(e)
n=24
e
3% 10°C :
= =1.9 x 10" electron
T Tex 107C



£38
A Copper wire with a cross sectional area of 2 mmy’, with (10 A )current passing through it . Calculate
the drift velocity of free electrons in this wire. Note that the number of iree electrons per its unit volume ( N )

equal to 8.5 x 10°* e /m?

| Currentth
Driftvelocity (u,, =

Cross Section Arend A ) Namber of Electrons  per unit vilume(N| «Electron charge(e)

Solution
/

Vp =——

ANe
104

Yo = (2x107°m*)8.5x10* e/ m*)1.6x1077 C)
=037x10"m/s
=037Tmm/s

Electric Resistance and Ohm’s Law

As previously menticned that the electric current finds a resistance when it is passing through
a conductor, caused by collision of free charges with each other and with the atoms of the con-
~ B ductor matenal . Therefore, the concept of electrical
() | resstance represents the resistance of the conductor
w to the electrical current , and it is a measure of the
impedance that is faced by the electrons while trans-
mission in conductor .you have previously leamed the
conductor resistance calcufation by measuring the
voltage difference between the terminals and measur-
ing the current passing through it , notice figure (4 ) .

Figure 4



Conductor resistance is known as:

Voltage (V)

Resistance(R) = :
{urrent (1,

This formula is known as the ohm's law, which states that :

((The electric current passing through the conductor is directly proportional 1o the voltage diffe-

rence between the two ends when at a known Temperature)).

AV

3 {a) ohmic conductor 4

Figure 5a

!

tor. Note figure (5b).
AV

L. (b) noen-ohmic conducior i
Figure 5b

called ohmic conductors. Notice Figure(5a)

5 )\ The mesistance is measured by ohm , symbolized by
the symbaol () and it is known as “conductive resis-
Slope = '1&. tance in which a (1A) current passes through when the
voltage difference between the terminals is (1V)".

The conductors which ohm's law is applied on it are

) When the resistance is not constant when the current
is increased significantly, the relation between the cur-
rent and the voltage difference becomes nonlinear. In
this case, the conductor is called a non-chmic conduc-



You have studied in previous stages that the resistance of a conductor is directly pro-
portional to the length of the conductor and inversely proportional to its cross secti-

onal area.

with the area of the segment, and expressed it mathematically as follows:

Length of the coductor
Cross section Area

Resistance = constant x

This constant depends on the type of conductor material and the temperature it is
called Resistivity and symbolizes by the symbol () .

Length (L)

Cross section Area(A)

Resistance(R) = Resistivity(p) x

L
R=p x—
A

The unit of Resistivity is ({1.m)
The Resistivity (¢) varies depending on the type of material and the temperature.
Table (1) shows the Resistivity of some materials at 20 ° C

Material | The Resistivity (. m)
Aluminum 2.8 x 1078
Copper T72% 158
conductors Gold 2.44 % 107°
Nichrome 100 x 1078
Silver 1.6 x 1078
Tungsten 5.6 x 10~%
Semiconductors | Silicon 3 x 103
Insulators Glass 101

The above table shows that the value of resistivity is very low for good conductor materials such
as silver and copper, meanwhile their value is very high for insulator matenals such as glass.

Semiconductor materials has a medium resistance.



The inverse of resistivity (P ) is called conductivity and has a symbol of (o) .

- | — o

The applications of electrical circuits that change their resistance 10 the change of temperature
is the thermostat, notice figure (6)

V,

Figure 6

It is also used in elactric fire alarm circuits. It also uses a resistive thermometer to measure the
temperature by changing the resistance of a conductor and it is made of platinum.

Ezample 8
A piece of copper wire is a 4 mm? area and 2 m length resistivity of 1.72x10'% 2.m at 20°C, find:
a) the resistance of wire.

b) the voltage difference at the ends of the wire when a current of 10 A is flows through it.

Solution
a) The electric resistance of wire at 20°C

R sk o (1.72 x 10*Q.m)(2m)
A (4 x 10°m?)

(8.6 x 107°Q)




b) The voltage difference at the ends of the wire when a current of 10 A s flows through it.
V=IR
= (10A)(8.6 107 )
=8.6 107
= 0.086 Volt

Temperature Coefficient of Resistivity

The resistivity of the conductors varies almost linearly with temperature changes according 10
the following relation:

p=p, [ 1+0(T-T))]

Where p, represents the resistivity in a temperature of (T -20°C, and the constant a is called
the temperature coefficient of resistivity which it depends on the type of matenal,
Whereas

|_ Ap
P, Al

i =

Ap=p-po represents the change in resistivity to temperature change AT=T-T,
the unit of temperature coefficient of resistivity a is 1/(°C) .
Tabile (2) shows that the of temperature coefficient of resistivity for some materials in tempera-

ture room ( 20°C,.

Silver Carbon |Copper |Aluminum] Element

38 | 8.8 43 50 -5 39.3 39 leO‘(‘C“)

It is important 10 noté that the resistivity of the conductors increases with increasing of
temperature as indicated. But we have o remember that there are substances such as
semiconductors and electrolytic solutions that deviate from this rule where their resistance
Is reduced by increasing the temperature. This means that the temperature coefficient of
resistivity is negative for these substances.



Dollyoulkn’o w}?f-

The change in the conductor resistance can be expressed linearly with the tempera-
ture according 1o the following equation:

R=R, [1+a(T-T,)]
Erample 48

The electric cooker has a length of 1.lm, wire and a cross sectional area of (3.1:10 “m*y Wnen the cook
is operating, the temperature of the wire rises due to the passage of the electrical current in it . If the
material made of the wire has a resistivity of (po =6.8 x 105 (2 .m )) at a temperature of (T -320°C,
and the thermal coefficient of resistance is & - 2.0-10 *(1/°C,, calculate the resistant of wire at 420 °C.

Solution l X
o0 =—X—
p, AT
1. p-p
Gl
e 1 p-6.8x 10°

68% 10° . 420- 320

p=2816%10°(Q . m
pL

R
A

_ 818 x10° x 1.1 _ 8976 x10°
B 3.1x 10°  3.1x10°

=29 Q  (The resistance of the wire at 420°C)




Superconductors

Ld

resistance
R /

™

T,

? temperature

w

(K)

pump

(2) v

Figure Sa

There is a type of metals and compounds whose resistance
drops suddenly to zero at a certain temperature called criti-
cal temperature. This is called superconductivity. This type
of material is called superconducting material. Figure 7
shows the remarkabie properties of superconducting mate-
nals, If a circuit is created in a closed Ioop, the current will
continue in that circuit for a period of several weeks without
an Electromotive Force in the circuit, unlike the currents in
the ordinary conductors where it drops to zero just (o raise

the source of electric power from it.

An important application of superconducting materials is

superconducting magnets with a magnetic field of ten times

the usual magnets. This type of magnet is used in the mag-

netic resonance imaging system ( MR ), which gives accurate
images of the interal organs of the human body, note
Figure (8).

éElectromotive Force

You have already studied dear student that the Iree charges
(electrons) inside the metal wire moving randomly does not
generate from this motion an electric current, 1o produce
an electric current in the wire must to push the electrons to
move in a certain direction, and this requires connecling the
two ends of the wire source with electrical power and this
Is similar to the water pump that pumps the water from the
bottom tank to the upper tank. Note figure (9a).



The source of electric power supply is defined as the
source of tha Electromotive Force, one of which is the
battery. Note figure (9b)

Figure 9b

The Electromotive force of a batiery is defined as the amount of electrical energy that the
battery earns per Coulomb from of the charge moving between its poles. In other words, it
represents the work done to the charge unit by the source.

that ; . ,
= e Work (W)
Flectromaotive foree {£) = ————
Charge (qg)
W
5
q
electromotive force measured in units __J0ule this unit defined by volt
Coulomb

Electric Circuit Law

When the two ends of a wire are connacled to
the source of an electric voltage, a closed path
is formed through which an electric current

passes. In order to benefit from this current,

resistance £ g . i
(8) ®) J we put a device or any resistance in this closed

Figure 10
path. These four elements constitute: wire, battery, device, switch ) base components of the ekec-

tric circuit Note Figure (10). When the switch is closed, a closed circuit is formed and an electric
current will pass through it , if there is & cut in the wire al any point we say that the circuit is open



If we assume that the resistivity of the conductive wires is negligible, the voltage at the ends of the batiery
(The Terminal Voltage of a Battery) is equal to emf. But the battery has an internal impedance r so the voltage
of the electrodes is not actually equal to the emf of the battery. A positive charge moving through the battery
from (a — b) can be visualized when the charge passes from the negative pole to the positive electrode of
the battery. The charge voltage increases by (€). When the charge passes through the internal resistance r,
the voltage decreases by (I r).where (I) represent circuit current It is possible to derive the equation

of the closed electric circuit in the law of conservation of energy as follows:

Eleciromotive force = potential difference between the poles of the battery + current x Internal Resistance

£ = (AV) + (1) x (r
£=AV +h
g=IR +Ir
Electromotive force
Current =
Resistance + Internal Resistance
e
[ =
R +1
r ™ Measuring the electromotive force
of a battery.
Connect the voltmeter directly 10 the poles of the battery.
Since the voltmeter resistance is very high, the current
that passes through the circuit is very weak and can be
: I ignored. Assuming that the circuit is open so the volt-
R ' J meter reading represents the em! of the source roughly.
Figure 11 Note Flgure (11)



Internal Resistance (r)

So far what has been discussed about voltage scurces (batteries or generators) is the effect of their voit-
age on the circuit, but in fact also it contains a resistance called the internal resistance of battery or the
internal resistance of the generalor because it exist within the voltage source, and this resistance in the
battery is the resistant of the chemical materials, and in the generator is the resistance of wire and the
rest of the generator components. Notice figure (12).

4.%_

positive negative
termiral terminal

Figure 12

When the voltage source is connected with an external resstor (R), the internal resistance of the source
is attached 10 it respectively, and internal resistance is usually very smail but its effect can't be ignored
in the circuit. Figure (12) shows that when the current is pulled cut of a battery, the internal resistance
causes the voltage between the poles to drop below the maximum value determined by the electrical

impulse of the battery. The actual voltage between the two battery peles is called:
{ The Terminal Volkage of a Battery)

Example)s:!
Figure (13) shows a car battery with 12V (emf) and internal resistance 0.01 2 | how much voltage between
the poles when the Batlery current is -

a) 10A
‘\;\ postive nogane
+ lgrmilni larrmnal
s )
EAAAE ‘4'-_.

mép1on v

b

Figure 13



Solution

a) We calculate the voitage drop at the internal resistance (lost voltage at the intemal resis-
tance) when current power in 10A: -

V=Ir
V = 10A x 0.01Q = 0.1V voltage drop

The voltage difference between the poles of the battery is

AV=g~Ir
AV =120V -0.10V
=119V

b) We calculate the voltage drop in internal resistance when the current is 100A.

V=Ir
V=100A x 0.01 = 1.0V

The voltage difference between the poles of the battery is
V=g=Ir
V=120V-1.0V=11.0V
The example above shows how the voltage of the poles of the battery is lower when the
current is going out of the battery is high, and this effect can be recognized by the owner of
a car when he uses a battery,

Think ¢

In the previous example if the car's lights wanted to glow. Which would
you prefer? Flare bulbs before you tum on your car engine or after you
turn on your car engine and why?



Setting the internal resistance (r) of a
battery

/‘? Connect the devices as shown In the circuit at Figure (14)
R First, close switch 1 only so that the voltmeler reads the value
intemal 17 | of the etectromotive force as mentioned below.

\Somtanes | Second: Close switch 2 also and record the Ammeter readings
that represents Current passing through the circull and then

calculate (r) from the following relation:

2 e=1R+1Ir

substituting the value (emf) from the volimeter reading in the

Known resi31anceJ first step. And the value of (I} from the reading of the ammeter

at the second step, and if (R) is unknown it can be substituted as

(IR) which Is the reading of the volimeter, which represents the

difference of voltage across the platferm and we do not need o

know (R) In this case,

Resistance measurement: There are several ways o measure

a resistance including:

Figure 14

1) Voltmeter and Ammeter method:

This method is not accurate because one of the two de-
vices in any particular link does not give a exact measure-
ment for the resistance to be measured and 10 minimize

L c > "\ the error we follow what comes:

a/ If the resistance to be measured s small

small Connect the devises as shown in Figure (15), the voltme-
resistance +

ter reading is only for the voltage difference across that
I— resistance. The ammeter measures the sum of the cur-
internal rent of the small resistance and the voltmeter. Since the
voltmeter resistance is very high for that resistance, the
current is too small so it can be ignored. Considering the
ammeter reading is for the current of the resistance and
the approximate value of resistance is calculated from the
following relation:
Resistance (R)=( Volimeter reading )/(Ammeter reading )

resistance

Figure 15



b/ If the resistance to be measured is large,
that connect

. N
®— The devices as shown in Figure (16):

The reading of the ammeter represents exactly the current
of that resistance only, but the reading of the voltmeter rep-
resents the sum of the ditference of vollage across both the
large resistance large resistance and ammeter. Since the resistance of the
ammeter is very small, the difference of voltage between
the two ends will be very small which can be neglected

- . comparing it with the voltage difference across the resis-
fance Thus voltmeter reading is can be considered as the

Fage 1 difference of voltage across the resistance which is farge,
the resistance can be calculated by voltmeter reading and
7 current according to the following relation:
reY)

(A) R=( Voltmeter reading (V) }/(Ammeter reading (A))

2-) Wheatstone bridge Method:

This method is accurate and precise to measure the resistance .The circuit consists of (three

known variable resistances - unknown resistance - a galvanometer and a power source). We
connect the equipment as in Figure 17. We change the
value of the known resistances (R, R,, and R,} until the
circuit weighs, so that the galvanometer does not record
any current, which means its voltage is equal or the voltage

™ difterenceis (V - 0, then

V=¥ .. LR =LK 1y

Ak Ad

Vi =¥, o= B R TR 2

~ (LS

Rz

& dividing the first equation by the second resuits.

R4

R, _Ry
I R: R4
| power source

Where Riis the unknown resistance .since three resistance
Figure 17 known, the fourth (unknown) resistance can be calculated.
R
R, = R,x—
R,
The unknown resistance R, can be calculated according to the above mentioned relation. (R, R,) can

be replaced by a homogeneous wire installed on a metric arc. Note Figure (18)
Since (R a L). Therefore, the previous relation becomes the equilibnum case of the circuit as follows:



L1 | L2

B

Figure 18

6

Quadrilateral shape (a. b. c. d) .its four sides resistance are (R, 10,2,4 )
respectively . The two points (a c), were connectled 1o the poles

of the battery as shown in figure (19). The internal resistance is 1Q. A

galvanometer is connected to (d, b) and it give a zero reading when a

current 01 0.6 A is passing through R resistance, calculate;

a) The value of resistance R

b) The current passing through each resistance

¢) emf for the battery

Solution
Since the circuit is balanced (galvanometer is Zerp)
a) Calculate the resistance value as equation

R _R&

Al

K _3_r=20
10 2

Figure 19

The current passing through each resistance
b) The cumrent passing through the resister (202) is the same as the current
through the resistor (109) passing through branch abe

V. =IR
V. =(0.6 A)20Q2+10Q)=18V

[Mr = = — =3 4 il is the current passing through the two
resistances (202.40)



c) emf for battery

I, =(0.6A)+(3A)=3.6A

1 1 1

_=—+_

R R, R,

1 1 . 11
R (10+20)Q (4+2)Q2 5Q
S~ R=5Q

emf =IR+ Ir

emf = (3.6 AX5Q)+(3.6 A)1Q) =216V

Electric Power

The main benefits of electrical current that are appled in an electrical circult are the transfer of
energy from the source (batiery or generator) to various electrical devices. Figure (20) shows that

0 the positive pole (+) of the battery is connected to
= o}«E the terminal (A) of the electrical device and that

the negative pole (-) is bound to the terminal (B)

of the device. This means hat the baltery main-
tains a constant voltage difference between (A, B)
This difference in voltage leads to the movement
of charges (aq) from the high-voltage (A) side 10

L

Figure 20

the low-voltage (B) side and decreases its potential energy. This decrease in energy represents
(AqV) between two sides. (where v is voltage difference)

The electrical power of the device is defined as:

The amount of energy consumed {or converted) by the electrical device in the unit of time.

It is expressed mathematically by the following relation;

S— potential difference (V) x quantity of charge(aq)

time( At)



It is measured in joule/second which is known as watt

Coulomb  Joule  _  Joule
second ~ Coulomb second

(Ampere) (Volt) = (

Electrical devices convert electrical energy into one or more forms of energy, and energy can be
calculated as: ' ' '

Energy = power X time
E=px1t

Power can also be calculated from the following refation:

P=IV
P=I(IR) = R

(Ml ¥V
P’[’fi R




EBzamplie 78

The electromotive force of a battery 12V with an inner resis-
tance of 0.05C . the two ends of the battery connected to a

load with a resistance of 30 notice figure (21). Find.

1) The current passing through the circuit and the voltage | N
difference at the ends of the source. ;V r=0.050)
=
2) The consumed power by the load, the consumed power 8 o
Figure 21

al the internal resistance (r) and the consumed power
processed by the source .

Solution
1) The current passing through the circuit and the voltage difference at the ends of the source
e=IR+Ir
1=-=5
R+r
= 12 =3934
3+005

The vohage difference between the poles of the source = current x external resistance.

AV-TR-393x3-118V

2) The consumed power by the load. the consumed power at the interal resistance (r)

and the consumed power processed by the source.

The consumed power by the load = current square (17)x resistance (R)
P=I'R
P=¢393,"3=463W

The consumed power at the intemal resistance = current square * internal resistance

P=0r
P=,3.93,"0.05=0.772W

The consumed power processed by the source = the total consumed power by the load and the

nternal resistance
sl=I"R+1'r
=46.33+0.772=47.1W
The consumed Power processed by the source
P=£l=12x393=47.1W



Series Combination

- When the end of the first resistance is
= b=l Rq=R 4 R; connected _with the peginning of th;e
A mb M E i . second resistance as in Figure (22) this
= W connection is called series. The advan-
oo |if tage of this connection is that it provides
v AV one way to the current and this means
- A that the same current passes through
" " each resistance in the circuit.
Figure 22

Total Current = the current passing through R, = the current passing through R, |

tola = l'l = ]!
Resistances can be simple electrical devices such as light bulbs, When two lamps are connect-
ed in series .if a part were broken as a result of damage 1o either of them, the current in the
circuit will be interrupted and the whole circuit will then be open. In the series connection, the

voltage processed for the two resistances are divided between the Iwo resistors.

Voltage across a resistance R, is V| , and Voltage across a resistance R, Is V,

total voltage (Vioat) = voltage across aresistance R1+ voltage across aresistance R2

otal o+ Vs

VIR . V-IR
L TR
Ve IR 1K
V.. LiR ‘R,
V..~ R“l

R. R -R,

where Ry means the equivalent resistance.



The properties of series combination:

& &
current 1-1 -1, =1,~.....
e
|T equivalent resistance Req =R +R,+R, +..
| I voltage difference V=V, +V,+V,+....
emf
\ 5 y
Figure 23
8]

Trree resistance 342 .32, 2£) are connected in series across
the battery with potential difference of 20V as shown in

Figure (24). Find:

1) The equivalent resistance of the circuit ,

2) The total current.

3) The current passing through each resistance.

4) The voltage difference between the poles of the battery.

Ri=20) R2=30 R3=50)
Solution
I, R_-R +R +R, +

R -20-30)-50- 10

2)Iaoml=M=M=2A S— ) ¥ S—
R 100 Figure 24

eq

3y 1, =1 =1 =1,=2A

total
4) V, =IR, =(2A) (2Q) =4V

V,=IR, =(2A)(30) =6V
V.=IR, =(2A)(5Q) =10V

to calculate the total voltage difference V.~ to confirm result

-V + V. +V

total ~ 1 2 3

v
V., =4V +6V ¢ 10V =20V



switch

receiver

1Y .

Figura 25

Parallel Combination

Parallel connection is another way to connect electrical devices.
The parallel link is 10 connect the electrical devices between
two joint points in such a way that the voltages are equal to
all connected devices in the circuit. Parallel connection is very
common. For example, the electrical devices connected to the
electrical points in the house are connected to each other in
parallel (Figure 25) where the voltage is 220V and is equal to
the voltage of each television - stereo - lamp (when the circuit

is closed) Unused electricity or other equipment does not affect the operation of the rest of the

devices that actually work. Furthermore, if the power is cut off in one of the devices (with an open

swilch or a broken wire), this does not affect the flow of the current in the rest of the devices,

To calculate the equivalent resistance of two resistances bound together in paraliel we must know

that the total current:

A 4

Intal |

since the voltage at both ends of each resistance is equal to the total voltage, then

[ s
R~|
v
|, = —
| R'
v o ¥
R.‘
A
R,
TR R 8
v \ \ \ | B | | |
— = = -+ -+
R. R, R, R R, R, R, R



The properties of parallel combination:

4 I Ri=262 9
current I= Il + I2 - l,+ .....
equivalent resistance w5 = 215 - i - 25
R, R, R, R,
voltage difference V-V, =V, -V,

Think?

In Figure (27) two lamps are connected in parallel
to each other and their group Is connected with the
source difference of voltage (V<120V) . The values of
the currents in the branches (ef), (ed). (ab) are from
the largest to the smaliest,

Figure 27

Eramplo ©

Find the equivalent resistance between the two points (x, y) in Figure (Z8a) the circuit at higure [28b) 1s equiv-
alent to closing switch circuit in Figure (28a).

Solution _
The 502 and 3002 resistance are connected In series .

R, . 300+ 500 - 800

The 20 0 and 602 resistance are connecled 1n series:

R_ 200 - 600 - 800

q

The 80¢2 and 8052 resistance are connected in parallel

o .8
Fgyre 28 R 80Q & 80Q  80Q
)
R - 400
eq



After the swiich is closed the equivalent resistance = zero because the circuit becomes short
circuit with current passing through the wire (x,y) only without passing through any resistance
at figure ( 28).

Electrical circuits, which consist of resistors connected in series and paraliel, can often be an-
alyzed by dividing them into separate sets of resistances, but this method may not be useful or
easy In some circuits where we do not find some resistances connected by using series or parallel
methods.to deal with these circuits we use other methods, which is the most important methods,
that are the Kirchnhoff's rules, which were named after the scientist Kwestan Kirchhoff

1) Junction rule.

The sum of the entering current to any junction point, must be equal to the sum of the leaving
current, so that

DI My AL

The first Kirchhoif's rule represents the law of the conser-
vation of electric charge and this indicates that the division
of the current or set it apart does not aftect its original

value note figure (29a, b).

Figure 29



2) Loop rule

The algebraic sum of the voltage across each element around any closed circuit must be zero, so that

YAV=0

dased loop

The second rule of Kirchhoff can be found in the following relation:

Potential drops = potential rises

Y AV, = 3 AV,

This represents a special paitem for the expression of conservation of energy law in electrical circuits,

Calculation of the voltage difference

e in the circuit:
I 8“‘ r |
ails |, - ' b
+H "_'M_'"_ The electric circuit shown in Figure (30) is composed of
LAl : a source of its electromotive force € and its internal resis-
: S S S = tance r is connected with R resistance, while the current
of the circuit is in the opposite direction of the clockwise.
R Calculate the voltage difference (Vab) between the poles
A N of the battery a, b? When we mave from point b (V. ) to
v

~J current through the resistance r to point ¢ (Vc) we see a
drop in the voltage (Potential drops) This means that the
voitage in b higher than in ¢ because the positive charges
flow from high voltage to low voltage. When crossing the
glectromotive force from point ¢ fo point a we find that a
voltage increase ( potential rise ) by amount of €, And this
increase in voltage is due to the work performed by the
source on the positive charges when it is transferred from
the negative pole to the pasitive pole, which increases the
voltage. If we agree to give a positive signal of the rise in
voltage and negative of the voltage drop, it becomes very
easy to calculate the voltage difference (V.. ) by taking the
algebraic sum of the changes in voltage through this path:

S0 that
V,-Ir+e=V,
e-Ir=V -\, =V,
V, =¢-1Ir



Thus, the voltage difference between any two points in an electric circuit can be calculated taking into

account the two following bases :

;
a) ® Wy *
. AV= IR é
!
Qe
h) M :
® AV= IR
Ny
° =1 | L. *
(c) . 'l 3
AV= . E
E
d) ® ’ll'
a .
AV= =&

Figure 31a,b.c,d

First: a. when current passes toward a resistance Note
figure (31a) a potential drops occurs by amount of (IR)

V=-IR

b. if the current passing in reverse direction Note figure(
31b) a potential rise occurs by amount of (IR ).

V=-1IR

Second: a. when passing through electromotive force from
its negative pole to its positive pole note figure (31c), a
potential rise occur by amount of €.

Vi, €
b. if the passing was reversed from the positive pole into

the negative pole note figure(31d) , a potential drops occur
by an amountof € .

i
(]

\!

Emample 108

Figure (32) shows an electrical circuit containing two
batteries and resistances, calculate current 1 in the cir-
cuit.

[ 120 60V
A — W= =
= )
2
s WS
800
L 24y
Figure 32



Solution
current passes the circuit from high voltage to low voltage , applied the secoud role of

kirchhoff, start from point A to words clock wise

Potential drops = potential rises

ZAV""’P = ZAVrm«s
1(12) + 6 + 1(8) = 24

201 =18
[ =09A
WL o
" : V. -ol 4 E » E- - L E [}

For the circuit at figure (33) .Find 1' R e ,‘
a) The current at the circuit N

b) The voltage difference between the points a ,b .

Figure 33

Knowingthat R=9Q,r,=282,r,=1Q,¢,=12V , ¢ =6V

Solution

a) To set the direction of the current in a circuit containing two sources of electromotive forces with
two opposite directions, the electromotive force of greater value will determine the direction of the
current, and In this guestion the current will be contrary to clockwise.

Applying second Kirchhott's rule (locp rule) starting from point{a)in the direction of the current
Potential drops = polential rises

IR+Ir, +g + I =¢,
I(R+r, +1,) =¢,- ¢

I = 8'2-81
R+r, +1
Foa 12-6
9+2 + 1
6 1
=—=—A
12 2



b) to calculate voltage difference between the points a b we move from(a)to(b)in opposite direction to

the current to obtain
V, + I, + & = V,

V. - Vo= -Iy,
1
Vi =’6'(E)(1)
V, =-6.5V

Think ?
You can use the same method 1o calculate the vonage difference between the two points c,b
You will find the result (11V).

Exxample) W

In Figure (34) the application of the Kirchhoff's rules find the currents with the three resistances.

Solution

use the branch rule and let it be the point C

Figure 34

Applying loop rule, we choose the closed loop 1 (ABCDEA)

Potential drops = potential rises



I,(6) =1,(3)

I
L=3h @

Equation | and 2 contains three vanables, again we apply loop rule choosing loop 2 (ABCFGHA).
Potential drops = potential rises

L®)+L@) =6 .03

Substituting | | in equation 3 to obtain

L(6)+(1+1,)(4)=6  ...(4)

Substituting eqaution (2 ) into (4)to obtam :

1 1
EI'(6)+(I' - EI,)(&!) =6

By simplifying the equation above, it produces

-Il
=

-

N.-‘

Il
Wil N Wit
>

—_—
o
I

—_— —_
- =
o
—
-
-+
—_—
~



Questions of Chapter 9

Q1) Choose the correct answer:

1- A metal wire with resistance 1Q, what will be the resistance of a wire made of the same matenal
of the first wire, but twice the length and half of the cross section area?

a-04Q
b-2Q
c-02Q
d-4Q

2- A copper wire with 10 Q , what will be its resistance if the wire were cut into halves?

a-10Q
b- 20 Q
c-5Q
d-1Q

3- An electrical heater with power of (1000w). When operating at (120V), what is the total power con-
sumed by two of these heaters when connected in series to a single voltage source (120V)?

a- 400W
b- 500W
c- 200W
d- 1000W

4 — A battery with electromotive force of (emf){1V) and its internal resistance(r) what is the amount
of external resistance (R) that, if connected through the battery poles, caused voltage differences
on both ends of the battery of 1 /2V?

a- R=1/2r
b-R=2r
c-R=4r
d-R=r

5- The unit (2 .A?) is used to measure?
a- current
b- Energy

c- Power
D-voltage



6- A TV works with 120V and a clothes dryer works with 240V according to this information only,
which devise will consume more energy?

a-The TV.
b- The clothes dryer.
c- This information is not enough.

7- In circuit (A), the battery is equipped with a double voltage provided by circuit (B), but the current
passing through circuit (A) is half the current value of circuit (B), which means that circuit (A) has

resistance. . ... .. .. For the Resistance in the circuit (B).
a- double
b- Half
¢- Equal
d- four time
RA RB

1A 4 @ 2A 4 ®

| | 7 a |

|:
’AY 1V

8- Two wires made of one material have resistance of 0.1 2 the length of the second wire is twice
the first wire and has a half the radius of the first. What is the resistance of the second wire?

a- 40010
b-0.2
c-010Q
d-0.8

9- Two identical lamps are connected 1o two similar batteries in two different ways. Method 1: The
two lamps are conneciad in parallel and it is connected via the first battery poles.

Method 2: The two lamps are connected in series and it connected across the second battery
poles. The ratio of the power of the battery In the first method to the power processed in the second
method is (assuming that the internal resistance is r =0)

a-1/4
b-4
c- 172
d- 2



Q2) what is the advantage of the galvanometer is Wheatstone bridge when measuring an unknown
resistance.

Q3) what is the meaning of Hyperpolarization. Write one application.

Q4) what is the advantage of making the resistance of the electrical motor that is used in the opera-
tion of the car, is equal to the internal resistance of the car's battery?

Q5) Why the voltage difference on both ends of the internal resistance is reverse the electromotive
force of the source (£) in sign?

Q86) Why the voltage difference on both ends of the battery (AV ) located within the electric circuit
less than the electromotive force (€) of the battery?

Q7) Why does the intensity of the car’s internal lighting is bright up or down during the operation of
the car?

Q8) Connecting the batteries in series leads 1o an increase in (emf) of the circuit, what are the ben-
efits of connecting them in parallel?

Problems of Chapter 9

P1- A copper coil for an electric motor with resistance of 50 @ at 20°C and after a period of time, its
resistance becomes 60 2, what is the its new temperature? Note that the temperature Coefficient of
Resistivity of copperis 39.3x10™ (“C')

P2- an electromotive force of a battery 13V and a voltage difterence between poles of 12V, when
an extemnal load resistance (R) with a power of 24W is equipped, calculate:

a- The resistance (R)
b- The internal resistance ( r)

P3- at the next electric net, calculate: £ r=0.78 7|24V N
1

a- The external resistance

b- The total current (current of the battery.) < ! S e

c- The lost potential (potential drops) in the battery 50 80

d- The voltage difference through the battery

e- The current passing through each resistance. t A\ =]
an 130 o




P4- for the next figure, the current passes through a the flashlight Alament\
with (0.4A) with a voltage of (3.0 V)  bulb
7 N\
a- Calculate the lamp fuse resistance. T
b- The amount of power fitted to the lamp. & icolator
c- Power consumption in the lamp during the duration of 5.5min-
utes of operation.
=
P5- the next circuit, the resistance R«4 @, connected in series i ) B
with two battery {4V, BV) if you know that: r,= 12 ,r,=19, find: ' "
a- The current
b- The voltage difference between the points (a, b) when circuitis | 1] .. = 8]
closed.
¢- The voltage difference between the points (a, b) when circuitis | g I——-I l— b
opened. 8V 4v
\_ A

~
Pg- the next figure: R, =50, £=1V R, =20 R, = 4%, ¢ =3V
a- Calculate the value of the currents passing through the shown
net branches.
b- Calculate the voltage difference between. (Vab ), (b ), (a)
- Rs
=4




Chapter 10: Magnetism

- ™~ You learned earlier that static electric charges

have an electric field that affects other electrical
charges with electric force, If the electric charge
moves, an electrical current is generated, you got
@— to know its properties. In 1820, the scientist Oer-

I J  sted discovered a very important experiment no-

Figure | tice Figure (1) that moving electric chargers had

another effect, noting that a magnetic needie (compass) was affected by an electric current in
the wire near to it, which led him 1o wonder:

Does the electric current produce a magnetic field? How to describe this field in terms of magni-
tude and direction? Is the amount of magneilic field varies depending on the wire shape in which
the current applies? These and other questions we will be able to answer alter your study of this

chapter.

The Magnetic Field

Itis the space that surrounds the magnet from all directions and shows the influence of magnetic

force in a moving electrical charge in that space.

e ™\ The intensity of the magnetic field at one point is ex-
@é @@® ® pressed by the density of the magnetic flux at that point
®

-~

@

and decreases as we move away from i, and has sym-
bol {B ) and The magnetic field has a specific amount
and direction at each point in the area surrounded the

magnet. The direction of the magnetic field at any

point in the vacuum is the direction the compass needle
takes at this point, notice figure (2)



Magnetic Flux and Magnetic Flux Density

e A The magnetic field is represented by
closed loops that is why there cannot
be an individual magnetic pole (north

S sl o south) and these closed lines are

—_— called magnetic forces lines and the

k. i ™ ) direction of the magnetic field at any
Figure 3

paint in the field is the same direction as the magnetic forces lines passing through that point where
the number of magnetic forces knes that cross the vertical area on the direction of the lines is the
magnetic flux density which is a vector quantity in the direction of the magnetic field. While the
total lines that the field contains are called the magnetic flux (@) in that area, notice figure (3).
The unit to measure the magnetic flux (®) in the international system (SI) is Weber or Maxwell.

Weber=10f Maxwell

And the magnetic flux density (ﬁ) is measured by the number of magnetic lines to the unit,
which penetrates the magnetic field vertically, according to the relation:

-

" . magnetic flux(@)
magnetic flux density (B) = £

Aot A)

-t (D)

The unit of the magnetic flux density (E) is (weber/m? )which is called Tesla (T) while the mag-
netic flux (®) unit is (Tesla).(meter)?, [(T.m?)] wich is called Weber (wb), table (1) shows the
approximate values of the magnetic flux.



Table (1)

Some approximate amounts of intensity of magnetic fields

Source of magnetic field magnetic flux density Tesla

A strong electric magnet generated 30
from a current that is applied to a
superconducting material under very

low temperatures

The magnet used in the medical 2

imaging unit is called (MRI)

Magnetic rod . 10°

The surface of the sun. 107

The surface of the earth. 0.5 X 10

Within the human brain (due to the 10"
influx of nerves).

Exa'mpleli]:

A rectangular Paper has dimensions (21.5cmx 2Bcm)
placed on a horizontal table notice Figure (4). Calculate the
amount of magnetic flux (®) passing through the paper re-
sulting from the Earth's magnelic field 5. 31x10°T affects in
the direction of 37 “ angle horizontalty.

Figure 4

Solution
The magnetic field is considered reqular on the paper area plane, we choose the vector of

the surface area of the paper to be downward, so the angle measurement betweenﬁ and

the area vector Kequals 53, and by applying the following relation we get the magnetic flux;
@=BA cosB

@=(5.31x10" )(0.215x0.280) cos53"

@=192x10" Tm*




~

magnetic axis

rotation axis
south magnetic / .
b gnett 4+, geographic north pole

geographic south pole  north magnetic pole

J the Earth’s geographic axis (about 11°).

1

Figure 5
Some species of animals such as birds invest the magnetic field of the Earth
as Its guide in the course of their migration from one place 1o another.

" geographic
north pole

| south magnetic p@
Z ﬂgompass

B/d) |

\.‘
..I
(1
| ¢

)
- .

geographic south

Earth’s Magnetic Field

By noticing figure (5) the magnetic field of the Earth
is shown to be like a giant magnetic rod buried in the
ground and the South magnetic Pole is located near
the geographic North Pole and the North magnetic
Pole is located near the geographic South Pole. That
Is, the Earth's magnetic axis dewviates slightly from

The dip angle and
the magnetic deviation angle

If we make the magnetic axis of the needle hor-
izontal notice figure (6). The needle can rotate
freely at a verticalplane and when the needle is
placed on one of the magnetic poles (north or
south), the needle is stabiized by a vertical posi-

' pole =

Figure 6

tion (it makes angle 90 ° with the horizon), When

moving the needle to the magnetic equator, this

angle will become zero. The angle between the plane of the magnetic needle and the hori-

zontal line is called (dip angle) and it varies between (0° — 90°). If we make the axis of the

magnetic needle vertical and the needle can rotate freely horizontally, then it is aligned

parallel to the magnetic mendian line. The angle between the magnetic meridian line and

the geographic axis Is called the angle of the magnelic deviation and its amount In specific

areas equals (0 °) or (180 °) the line passing through the point at which the angle of devia-

tion is (0 ©) is called {Line of lack of deviation).



Magnetic force affecting in
moving electric charge particle

When a static test charge (q,) is placed at a point in a magnetic field area, i is practically
found that the magnetic force affecting it is zero. However, if the test charge (q,) moves
with velocity (T).)through the magnetic field in which the flux density FB‘) is perpendicular
10 it, then it Is affected ny a force perpendicular to the
direction of the velocity(\)) notice flgure (7] The mag-
netic force (F) is perpendicular to .8 plane,

that have angle 8 between them and It is given the
following relation,

——
-

F) - o] T(B)

B sin®

a charge moving . |

p— .,_ i— - - —
f‘_ ] The magnitude of the magnetic force (F) is proportional to
(sinB) where € represents the angle between the direction

in parallel with

Figure 7a of motion of the charge ('{)‘) and the field B. Therefor the

the magnetic field
the magnetic force = 0

magnetic force become the maximum when 8=90°. The
direction of the magnetic force?can be determined by
,] the right hand rule that states: if you rotate the right hand

fingers except the thumb from the direction of the charge

a Charge moving at

an angle © with \

velocity (7)3 towards the magnetic flux density? at a sharp

the magnetic field angle 8 then the thumb direction is the magnetic force (F)
and the magnetic force F‘Q“"e 7b . . 2 .
> <n 0 Baiid direction as shown in figures (7a, b, c).
» ' Itis worth mentioning that if the moving charge is negative,
= 8 then torceT-“ will have the same magnitude but in the op-
a charge moving 7, Iae o posne direcuon
vertically with — —
magnetic field ¢ Flgufe 7c
and magnetic force
| max Lol



Eranplie A

Proton (positive electrical charge) moving with velocity 5 x 10% m/s encountered a magnetic field of 0.4T
its direction making angle 8 =30° with proton’s velocity vector, knowing that the positive charge of
proton is 1.6 x 107'°C, find:

a- The magnitude and direction of the magnetic force affecting the proton.

b- Acceleration of the proton knowing that it mass 1.67 x 10% kg

Solution

a) The magnitude and direction of the magnetic force affecting the proton.

F =|q|v Bsin®
F f‘»(].ﬁ 38 4| g @ y (D3 10°m .'S)(0.4T)(Sil'l30)
F = 1.6 X lO"“N

The direction of the magnetic force is upward according to the right hand rule.

b) To calculate the Acceleration of the proton we apply Newton’s second law:

a- Lt
m,

1.6 x 10”"N

N i 13 g2
6% 107K~ DD vk




The effect of magnetic field on
current carrying conductor

The electric current flowing in a wire made from a conducting material of length (L) and
cross sectional area (A) passing an electrical current (1), and the wire is put magnetic field

™ (B), notice figure (8).

The charges move inside the conducting mate-
rial with velocity called (drift velocity D «) when
the charge moves through the magnetic field
then the force influencing it can be calculated
from the relation:

F=q, 1, B.siné

magnet

J

Figure 8
And o find the magnetic force that influence the

wire we assume the existence of moving electrical charges in the wire and the number of
charges is (NAL) where (N) Is the number of charges per volume unit, from that the total

magnetic force is given by the relation:
F=q, v,BINALiIn®
and the drift velocity |
U, =
T NgA

By substituting the drift velocity in the equation we get:

| %

And when the force is perpendicular to the velocity then
2/ / B 6=90° and sin90°=1 where the force will have the maxi-
i f mum amount, that:

/ﬁ F =1LB

- I #
/ L wireit's length (L) This force vanish when the current direction is parallel to the
5 = magnetic field (8=0° and also we can indicate the direction
ol the magnetic force by the righ! hand rule notice figure (9).

Figure 9



Brzample &8

A wire of length 0.5m was placed perpendicular 1o the regular magnetic field, and when an electrical
current of (20A) flowed in It a force influenced it {(3N) find the magnetic flux density B applied on the

wite?

Solution F - ILBsin®

Y e=90" sin90°=1

~F=ILB
T i
IL  (20A)(D.5m) A.m
wb

B=03 ¥ =037
m

Motion of a charge particle in
a uniform magnetic field

= 5 d .Bw . ) Whenaparticle positively charged (+q) is mov-
ing in a regular magnetic field with speed (U )
and in direction perpendicular to the magnetic
field. On the assumption that the direction of the
magnetic fizld inside the page (X)as in figure{10)

The particle moves in & circular path localed al

a plane pemendicular 1o the magnetc field (B)
Figure 10 and the magnetic force (F_) that Is perpendic-

ular 10 each of O, B and its magnitude is constant which equals (QV B) notice figure(10).
The direction of rotation is anticlockwise if the charge (q) is positive, and it the charge
(@) Is negative, then the direction of rolation is clockwise To find the radius of the circular
path (r), we wil use the concept of central force (F,), which is the magnetic force that
works to conserve the charge in its circular path as follows:

=



Centripetal torce

F

(F ) = magnetic forcell, )

:P‘

el

mu

= (|UB

5
ny
qB

\

.

Figure 11

That is, the radius of the circular path (¢) Is di-
reclly proportional to the Enear momentum (mv)
of the particie and inversely to the amount of the
particle charge and the magnetic flux density.

Magnetic field of long wire
flowing current

Soon after, Oersted discovered (1820) that the
compass needle deviates by the effect of the
magnetic field of a conductor carrying a current.
Two sclentists reached (Payot and Savarat)
through multipie experiments on the force exen-
ed by an electrical current flowing in the wire on
a magnel placed near the wire. A mathematical
expression was obtained that gives the magnetic

field at some point in the vacuum near the wire

in terms of the electrical current causing this field according lo the Payol and Savarat law

{Which states that the amount of magnetic flux density (B) generated in the vacuum in

the point away a distance (r) from a long wire, passes an electric current (1)). Notice figure

(11) itis given by the relation:

g Ml

2nr

Where y_is the a constant called permeability and its value:

H, = 4dn

wb

x 107
A.m



Ezampie 4

How much is the magnetic flux density 3m away from a straight long wire carries direct

current of 18A,

Solution

by apply payot and savarat we get:

! =4TIX|0'7X15 =1x10°T

2nr

~B=1x10°¢T

Figure 12

2% X 3

Magnetic force between two parallel
conductors

Figure (12) shows two conducting straight long parallel
wires separated by distance r, the first wire carries current
(1,) while the second wire carries current (l,) in the same
direction.

The current fiows in the second wire (l2) generated a
magnetic field density (B,) on the first wire. By noticing fig-
ure (13) we find that the direction of (B,) is perpendicular
to the first wire, and the magnetic flux density (B,) can be
found from the relation:

1
2nr

B =

v

We can find the magnetic force Infiuencing the first wire,
by the existence of the magnetic field B, that generated
current |, as follows:

F=B1L



By subsfituting By in the equation we get:

oF = Bl o Bl

|
y [ 2
g | - |

Similarly we can get the same result if we calculated F_ that is influencing the length (L) of the
second wire, that will be directed toward the first wire F, and so we find that the magnetic force
is the result of two forces between the two wires. It is attraction force when the currents passing
in the wires are in the same direction. However, if the directions of currents flowing through the
wires are opposite then the resultant force will be repulsion force.

You can check this by yourself. Whether it is attraction or repulsion force, the magnitude of this
force per unit length in the wire is:

F_ ol

[, 2

The idea of attraction between two long parallel wires was used to indicate and identify the unit
of the current, according to the international system of units it is (Ampere), so if we substitute

the values of both currents in the above equation as (1Amp) and the distance between the two

wires {r=1m) and the space permeabiity |1, = 4T X 107 w_b we get:

A.m

| (4 x 10 WInl)
— O ——————. = 2% 1O N/M
L (27K l)
Depending on the result found Ampere is identified as.
Itis the current that if it passed through two long parallel wires that are separated with distance

1m and placed in space a mutual force per unit length of 2x10'" N/m will be resulted.

When 1,=2A and lz=BA in figure (13) which of the
following is correct?

o E-3F,  bp=D ¢ E-F
3




Figurs 14

The magnetic field of a solenoid

You have already studied that the solenoid is
a long wire wrapped in spiral rings, and If an
electric current is poured into the coll, it acts
as a magnetized rod with two poles, one nortn
(N) (magnetic force lines are leaving the pole)
and the other south (S) magnetic force lines

are entering the pole completing its cycle inside the coil, taking its closed path inside and

oulside the coil in the shortest possible way notice figure (14).

The magnetic flux density (B) inside the coil is regular and larger than it is outside. The
magnetic flux density (B) can be calculated within a long coil according to the following

relation:

NI
B=p, —
Mo T

Where N represents number of turns in the coil, | represents the current, L represents the
length of the coil, B represents the magnetic flux density inside the coil, and the equation

can be written as follows:

B=y, nl

the number of turns per unitlength = 7 =

L2 8

It is worth mentioning that the last equation is valid only in the case of points near the axis

of the coll (far from the ends) of atoo long solenoid, and the field near the ends is smaller

than the amount given by the last equation.

I



Examplo 8

A cylindrical coll filled with air has 100 wrns and length 20cm, carries a current of 4A, what is the mag-
netic flux density B at the coil axis?

Solution tsi NI
<
M, = 4m x 107 L)
.m
B -=odgacigh 18X 4
0.2
B =25%x10° X2
-

B =25 %107 Tesla

Torque on a current loop

We already clarified, how a magnetic force infiu-
ence a conductor carrying an electrical current
when this conductor is in an external regular mag-

netic field and in the case of existence of rectangu-

rotation ..
axis Q lar coil parallel to the regular magnetic field lines
b torque - 4N ) (B) flows in it an electrical current (1), by noticing
Figure 15 figure (15) we find the regular magnetic flux density

B parallel to the sides (1, 3) in the rectangular coill
so that the magnetic force does not influence them (the angle between the vector B and
current direction = ZERQO). While the magnetic forces influencing the sides (2, 4) have equal
magnitudes and opposite directions so the coil get influenced by these twe parallel forces
(F..F,) that are pemendicular to the sides and the magnitude of each:

iy



F=ILB
F,=F,=1aB
And the vertical distance between them is equal to the width of the cail that is equal to (b).

The coil is then affected by a two-phase torque working on rotations around its axis
and the torque (z) for both forces F,F, is given as:

Torque (1)= magnitude of force (F)xlever arm (b)
While the total torque (z,, ) on the coil that is resultant from the two forces F_F, is:

it
T.m=1(ab)xB |

Where (a, b) represents the length and width of the coil and the result of their multiplication
equals the area of the coil: A= ab

o Vo= AB
If the number of tums of coil is equal to N, so the total torque (¢, ) equals:

T -BIAN

Where (I N A) is called magnetic dipole moment y, which is a vector quantity and its direction
is perpendicular to the area (A) notice figure (16). If the coil plane was oblique to the fiux
lines then the torque equals:

% b b, T BIANSsinf

I If the coil plane perpendicular to the magnetic flux lines
of the dipole torque = zero because (8 = 0).
Where 8 Is the angle between the perpendicular to the

coil plane and the lines of magnetic flux.

Figure 16



Exxam plel6)

A wire coll of area 2.0 x 10" m® and 100 turn, has a current fliowing in it (0.045A) the coll was
placed in a regular magnetic field that has flux density of (0.15T).
How much is the maximum torque that magnetic field can apply on the Coi?

Solution
The maximum torque that magnetic field can apply on the coil is when 6=90°,

sin 9° - |

T-(NIA,Bsinb,
t=(NTA)(Bsin90")

T=100 « 0,045 « 2 10" « 015 1
t= (9 x10" A.m*)(0.15)x1
=135 x10' N. m

Magnetic Hysteric’s

Itwe place arod of a ferromagnetic materal (such as iron) in a coll cawity, it will be magne-
tized in the case of continuous flow of electric current in the coll, The magnetism acquired
by the iron rod is due to the containment of iron on very small magnets, each consisting
of a group of dipoles it is called a domain whose torques is aligned towards the external

magnetic field. Notice Figure (17).

(L AN I PN SRS ey £ A L
- ,/ - / . 279 s -~ ‘ -
KL= CorTero o e oy o N o=
B =0 less magnetic S i more magneti?__-’ B
L @ flux density | by/ flux density (c) i
Figure 17



fagneice flux density in the material b When we draw a graph shows the external mag-

o netic flux density (B)) that the electrical current
‘ol generated and the magnetic flux density generat-
il external magnetic | g In the material (B) by the influence of the mag-
o | s ﬂm;.:,lenmy netic field (B)) and for a complete cycle notice the
/ figure (18), we get a closed curve called Magnetic

b Hysteric's or magnetic hysteresis loop.

" 2
Figure 18

Al the beginning the iron leg is not magnetized at

peint (a) then (B=0, B =0} by the increase of the flowing current in the coil the external
magnetic flux density (B,) increases also the magnetic flux density in the material (B) increases till
it reach the saturation at state (b) and by decreasing the current to zero it reaches point (C)
that (B_=0) but we find that the magnetic field (B) stay in the material and do not vanishes and to
remove the magnetism from the material (B), we reverse the current direction then the ex-
temal magnetic flux density (B)) reverse as well fill it vanishes at point (d) and in case that
current continued increasing in the opposite direction then (B)) increases till it reach point
(e} and Itis the magnetic saturation state of the material in the opposite direction, then we
decrease tha current till (f) then we return the current to its original direction and so on till the
loop get closed. Knowing that the magnetic hysteresis loop of steel is wide and has big area
(the magnetic default in steel is big), while iron has a thin hysteresis loop of a small area.
Which means the steel conserve the magnetism obtained for longer time after the magnetic
field vanishes, however, the iron acquire the magnetism rapidly and loose it rapidly after
the magnetic field vanishes because it does not conserve the magnetism obtained after the
magnetic field vanishes.

Remember:

The area of the close curve of the hysteresis loop represents the los! energy value
that appears as heat in the core iron.



Questions of Chapter 10

Q1/ Choose the correct phrase for each of the following statements:
1- The magnetic field arises from:

a- Iron atoms

b- Static electric charge.

c- Magnetic Diya Materials.

d- Kinetic electric charge.

2- To draw the magnetic force lines of a particular magnetic field requires knowledge:
a- Magnetic field direction only

b- The magnitude of magnetic field only.

c- The magnitude and direction of the magnetic field together.

d- Source that causes the magnetic field.

3- When drawing the magnetic force lines, the region where the largest amount of field is the area
in which they are:

a- The magnetic force lines so close to each other.

b- The magnetic force lines so far from each other.

c- The magnetic force lines only parallel.

d- All the previous cases.

4- A direct electric current flows in one of the power transmission lines to the east. The direc-
tion of the magnetic field under the wire is directed towards:

a- North

b- South

c- East

d- West

5- magnetic flux density B at a distance of (r) from a long wire with an electric current
that is proportional to:

a-r

b-

c-r

d- 1/r?



6- The amount of magnetic fiux density inside a coll:
a- ZERO

b- Regular with straight lines.

c- Increases as we move away from the axis.

d- Decreases as we move away from the axis.

7- If an electrical charge moves with velocity V and in a direction perpendicular to the magnetic
force lines of a regular magnetc field, this field will change:

a- The amount of charge.

b- Mass of the charged body .

c- Direction of charge velocity .

d- Kinetic energy of the charge.

8- Conductive wire carrying an electric current placed within a regular magnetic field was a current
towards the direction of the magnetic field itself, the wire:

a- Will be affected by a magnetic force working on moves it paralle! to the magnetic field lines .
b-will be affected by a magnetic force working on moves it perpendicular to the magnetic field lines.
c-will be affected by a dipole moment that is working to rotate it till it stops perpendicular to the
magnetic field lines.

d- Does not affect by a force or toque.

Q2/ What is the amount of work done by a regular magnetic field in a moving electrical charge at a
velocity of L in a perpendicular direction to the field lines.

Q3! Near the North Pole of a magnet from a rubber balloon blown and rolled with wool (negative
charge) and hanging with a thread, will the balloon be altracted or repulsion or not affected by
magnets? And why?

Q4/ Determine the direction of the magnetic force influencing the charged particle shown in Fig.
(19) When entering the regular magnetic field for each of the following cases:

a- Positive charge particle.
b- Negative charge particle.
c- Negative charge particle.
d- Positive charge particle

®-

Fredwo ovane patck

O

Pasitive cnange particle




Q&/ can the magnetic field influence in static electric charge and how?

Q6/ a metallic ring has a continuous current flowing in, clarify in which position this ring can be put
inside a regular magnetic field so that:

a- The field influence it with the maximum torque
b- The field does not influence it with torque

Q7/ i the same current flows in a wire places in the same magnetic field (E) In the four cases notice
figure (20) arrange the figures in order in terms of the magnetic force magnitude influencing the wire from
the bigger to smaller.

B B B B
L .
L_T_.: I |
a D Cc d
Figure 20

Problems of Chapter 10

P1/ An electron moves in the TV pipe in the screen direction at velocity 8x10° m/s in the x-axis
direction. Notice figure (21), the magnetic flux density influencing it (0.025T) in the direction 60° with
the x-axis what is the magnitude of:

a- The magnetic force influencing the electron

b- The acceleration of the electron

Knowing that:
Electron charge = 1.6x10° C
Electron mass = 9.11x103' kg

Figure 21

P2/ A proton moves in acircular pathwith radius {14cm) inside a regular magnetic field density
(0.35T) perpendicular 1o proton's velocity vector. Calculate the linear velocity of the proton.



P3/ A coil contain (40) turns has a direct current flows in it

(2A) is placed in a regular magnetic field its flux density (0.25T) _ B=025T
L) — -

notice figure (22), what is: 0

12¢m i ~.- - -
a- The rotational torque influencing the coil. == 1 —
b- The magnetic force influencing in each side and it’s which e
direction?

Figure 22

P4/ Two long parallel wires separated by vertical distance S5cm if the current flowing through each
of them is 500A in one direction:
a- Calculate the intensity of the magnetic field resultant from each wire at the ather wire position.

b- The magnetic force influencing the unit length of both wires.

P&/ A proton moves at a circular orbit of radius (14cm) in a regular magnetic field of density 0.35T per-
pendicular to proton velocity, find:

a- Linear velocity of proton (m =1.67x10 " kg|

b- It an electron moved vertically on the same magnetic field with the same linear velocity, how much is

the radius of its circular path?

P&/ An electron was thrown with velocity 10° m/sec in a magnetic field of flux density (5T), and its direc-
tion is perpendicular 1o the paper surface and going far from the reader so if the electron was moving by
the paper plane perpendicular 10 B calculate:

a- The magnetic force influencing it and ils direclion.

b- The rotational radius, electron mass m_=9x10* kg

P7/ A rectangular coll has dimensions (5¢m x 8cm) was placed parallel to the regular magnetic field of
flux density (0.15T) if you know that the coil consists of one turn and carries a current (10A) calculate the

torque influences by the field on the coil.

P&/ Calculate the magnitude of the magnetic force influencing an electron moving parallel to a long wire
separated by distance 10cm with velocity of 5 x 10*m/sec knowing that the wire carries a current if 1.54



