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Units, Dimensions, and Vectors

 Introduction l Lol
« Unit systems o
« Dimensional Analysis
« Vector and Scalar

» Coordinate system

* Properties of Vectors
* The unit vector

» Components of a vector
» Product of a vector

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 2
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About Physics

1. Explains Nature
2. Fundamental science

3. Most technology of today (cell phones, DVD
player, etc) are result of discoveries that
happened in physics last century.

4. Develop problem solving and logical
reasoning skills — very important in any field
of work!!!

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 3

What is Physics?

Physics tries to explain processes we observe
in terms of a set of ‘laws’ or rules

These laws are normally expressed in terms
of mathematical equations with which we
can predict things

These predictions can be compared to what

we see
“Theory & Experiment”

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 4
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idealized Models

» A physical system is often too complicated to analyze all at once
» A modael is a simplified version of a physical system

» Example: We neglect the size and shape of a ball and represent
it as a particle (completely localized at a single point in space)

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

Physics and Measurements

* Physics is based on

and . These
observations have described by numbers and
units.

 Numbers give us how large our measurement
was, and the units tell us the nature of this

measurement.
Height= 2.29m
Number +
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6
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Physical Quantity

Basic
Physical Quantity

il J skl ALK
Time Length Mass
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7

Unit systems
Two systems of units are widely used in the world, the metric
and the British systems.

The metric system measures the length in meters whereas the
British system makes use of the foot, inch, .....

The metric system is the most widely used. Therefore the
metric system will be used in this course.

By international agreement the metric system was
formalized in 1971 into the International System of Units (SI).
There are seven basic units in the Sl as shown in table Below.

“For this Course only three units are used, the meter,
kilogram, and second”.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8
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Basic units in the SI

Quantity Name Symbol
Length meter m
Mass kilogram kg
Time second S
Temperature kelvin K
Electric current ampere A
Number of particles | mole mol
Luminous intensity | candela cd
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 9

Definition of Basic Quantities

Mass

The Sl unit of mass is the Kilogram, which
is defined as the mass of a specific §f
platinum-iridium alloy cylinder. :

Time

The Sl unit of time is the Second, which is
the time required for a cesium-133 atom to
undergo 9,192,631,770 vibrations.

Length
The Sl unit of length is Meter, which is the sttt
distance traveled by light in vacuum o o

during a time of 1/299,792,458 second.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_O



Power of ten prefixes

3,000m=3x1,000m
=3x10m=3km
1,000,000,000 = 10°=1G
1,000,000 = 106= 1M
1,000 = 10%= 1k

141kg=?g
1GB =?Byte =? MB

O
=

. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

Power of ten prefixes

0.003s=3x0.001s
=3x103%s=3ms

0.01 =102=centi

0.001 = 10-3 = milli

0.000 001 = 106 = micro
0.000 000 001 = 10° = nano
0.000 000 000 001 = 1012
=pico=p

3cm=?2m=?mm

10¢ | Prefix | Symbol
x=18 E
15 P
12 T
9 G
6 M
3 k
2 h
1 da
10* | Prefix | Symbol
x=-1 d
-2 C
_3 m
_6 IJ
-9 n
-12 p
-15 f
-18 a

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org
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Role of “UNITS” in problem solving

Need to know conversion.

Do problems with all units in the same
system.

Only quantities with same units can be
added or subtracted.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 13

Example
40m+1lcm="?

The above expression yields:

a) 40.11m

b) 4011 cm

c) AorB

d) Impossible to evaluate (dimensionally invalid)

1.5m-3.0kg="?

The above expression yields:

a) 4.5mkg

b) 45gkm

c) AorB

d) Impossible to evaluate (dimensionally invalid)

Express a speed of 50 kilometers per hour as meters per second.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 14
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Derived Quantities

All physical quantities measured by physicists can be
expressed in terms of the three basic unit of length, mass,
and time. For example, speed is simply length divided by
time, and the force is actually mass multiplied by length
divided by time squared.

[Speed] = L/T = LT*
[Force] = ML/T2 = MLT?

where [Speed] is meant to indicate the unit of speed, and M,
L, and T represents mass, length, and time units.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 15

Multiply and divide units just like numbers

Derived quantities: area, speed, volume, density ......

Area = Length x Length unit for area = m?
Volume = Length x Length x Length  unit for volume = m3
Speed = Length / time unit for speed = m/s
Density = Mass / Volume unit for density = kg/m3

In 2008 Olympic Game, Usain Bolt sets world record at 9.69 s in
Men’s 100 m Final. What is his average speed?

100m _ 100 M 5301y

speed =
9.69s 9.69 s

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 16
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Dimensional Analysis

The word dimension in physics indicates the
physical nature of the quantity. For example the
distance has a dimension of length, and the speed
has a dimension of length/time.

The dimensional analysis is used to check the
formula, since the dimension of the left hand side
and the right hand side of the formula must be the
same.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_

Example

Using the dimensional analysis check that this
equation X = %2 at? is correct, where x is the distance,
a is the acceleration and t is the time.

Solution
X = Y% at?
Therighthandside [x]=L
L
The left hand side [at?] :FXTZ =L

This equation is correct because the dimension of the left and
right side of the equation have the same dimensions.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 18



Example

Show that the expression v = v +at is dimensionally correct,
where v and v, are the velocities and a is the acceleration,
and t is the time.

Solutions:
The right hand side  [v] :TL

The left hand side [at] = TLZ xT = TL

Therefore, the expression is dimensionally correct

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

Example

Suppose that the acceleration of a particle moving in circle
of radius r with uniform velocity v is proportional to the r"
and v™.  Use the dimensional analysis to determine the
power n and m.

Solution
Let us assume a is represented in this expression
a=krym

Where k is the proportionality constant of dimensionless
unit.

The Left hand side
L
[al= 72

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org
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The Right hand side

aomr_ o LY
[krv]_L(Tj =

Therefore

L Ln+m

T2 Tm
Hence,n+m=1 and m=2

Therefore. n = -1 and the acceleration ais

a=krtlv?
k=1 2
Vv
a=—
r
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 2]_

Problem

Which of the following equations are dimensionally
correct?

(@) vy =v; + ax
(b) y = (2 m) cos(kx), where k =2 m-!

The position of a particle moving under uniform
acceleration is some function of time and the acceleration.
Suppose we write this position s = k a™t",

1. where k is a dimensionless constant.

2. Show by dimensional analysis that this expression is
satisfied if m = 1 and n =2. Can this analysis give the
value of k?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 22
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If the frequency (f) of a simple harmonic motion of a pendulum
can be written as,

f:magﬂli’

where is m the mass of the oscillating pendulum, g is the
acceleration due gravity, and | is the length of the pendulum.

Find a, B, and y.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 23
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VECTOR AND SCALAR

Scalars: One that can be described by a single
number (along with the unit)

» Water freezes at a temperature of 0° C or 32° F

» The mass of a book is 198.2 g

* The length of roomis 5 m

* The car kinetic energy was 0.345 ]

Vectors: A quantity that deals with magnitude
and direction is called a vector quantity.

» The wind had a velocity of 25 km/h from the North
* The momentum was 1.234 kg m/s to the left

Textbooks use either A or 4

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 2



Vector and scalar quantities

Vector Scalar
Quantity Quantity

Displacement Length
Velocity Mass

Force Speed
Acceleration Power

Field Energy
Momentum Work

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

COORDINATE SYSTEM (1)

(1) The rectangular coordinates

This coordinate
system is consist of a
fixed reference point
(0,0) which called the
origin.

A set of axis with
appropriate scale
and label.

y (m)

A

>

(0.0)

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

X (m)
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&
Y x )

(-5 9) (10, 5)

(5, -3)

The x- and y-coordinates may be either
positive or negative

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

We can call this x-
component, a vector
4 along the x-direction of
Y1 x &) length x, and indicate
M that it is a vector by x.

Likewise, we can call this
y-component, a vector
e X along the y-direction of
length y, and indicate
thatitisavectorbyy.

L 4

r=x+y

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6
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Coordinate system (2)

(2) The polar coordinates

Sometimes it is more ¥ (m)
convenient to use the polar 4

coordinate system (r,6), (x3)
where r is the distance

from the origin to the r

point of rectangular

coordinate (x,y), and @is < ° > x(m)
the angle between r and v
the x axis.
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7
THE RELATION BETWEEN COORDINATES
) Y
The relation between the X <(x' Y)
rectangular  coordinates
(x,y) and the polar v I T y
coordinates (r,6) is shown
in Figure, 0 .
1 - =
sin @ =Y/,
r r
cos 8 = X/, Y y
<
tan 0 =Yy 9 9
X X
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8
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[
= Yx2 4+ y2 4

y=rsin 0
9 O
X

X=rcosf

It is common practice to measure the angle from the
positive x-axis and to measure it positive for a
counterclockwise direction.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 9

Example 1

The example shown below might be for an angle of = 53°.Then,
if r = 10, the components will be

X =1 cos 0= (0.6) (10) =6
y=rsin0=(0.8) (10)=8

Of course, angle 0 does not need to be limited to the first

quadrant. for @ = 150°, r = 10 for this numerical example. For
that case,

X =r cos 0 = (10)(cos 150°) = (10)(-0.866)= -8.66
y =rsin 6 = (10)( sin 150°) = (10)( 0.500) = 5.00

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_O
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F'
Vi
x, )
I
NG
e -
X X

notice the signs and compare them with the diagram.
X = - 8.66 is located to the left and y = 5.00 is located up .

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 11

deludl i uSe i ae X Jsaa e ol aaadl 4y 5l 311 Gl () (Sadll (e
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4Y

TN
T Xy

Y

¥

Xy x. v
r=10,0=210° r=10, 6 = -150°
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_2
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Example 2

The polar coordinates of a point are
r =5.5m and #=240°. What are the Cartesian

coordinates of this point? ﬁ\ I

e Solution
X=rcos 0 =5.5x%xc0s240°=-2.75m
y =rsin 0 =5.5xsin 240° = -4.76 m

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 13

The unit vector

A unit vector is a vector having a

magnitude of unity and its used to A

describe a direction in space. /
a

(SIS g Bas sl Anie 0 pa Aniall Hlatey aliial Sy A 4aall

A=aA

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_4
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X, ) Balaiall dUu) jglaal (i, j, K) Bas g cilgadia Jiad ¢Say All3S
— Al Jedl B LS (y, Z

I = a unit vector along the x-axis
j =aunit vector along the y-axis
k = a unit vector along the z-axis

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 15

Instead of explicitly writing A, =5, A, =0; B, =5, B, =5;
Cy=-10,C,=0;and D, = -5, D, = 5, we can write this same
information in a different form. We can write

A=5i+0j
B =5i + 5j
C=-10i +0j
D = -5i +5j

R=A+B+C+D
R =(5i+ 0j)+(5i + 5))+(-10i + 0j)+(-5i +5j)
R = (5+5-10-5)i + (0+5+0+5)j
R =-5i + 10j

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_6
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Components of a vector

Any vector lying in xy plane
can be resolved into two
components one in the x-
direction and the other in the y-
direction as shown in Figure

X

A=A cosé@
4 A
A=A sind o
— X
(@] A,
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 17

il A8 ya ) A JS Jola ) i Ll cilgaa 526 ga Jaladll i
a_\.a':*#‘ @\.ﬁ:u.u‘ Cra :JJ_) dlasall ) M aa (X,y) Al.'\.a.u‘g‘ 5\ U'“
M\ Ay a,.ul,,\-\l\

The magnitude of the vector A
[A: JAZ + Af}

The direction of the vector to the x-axis

E 0= tan'1i ]
A

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_8
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A vector A lying in the xy plane, having rectangular
components A, and A, can be expressed in a unit vector

notation .
A=Al+Aj
LS B g A fgaia pan B clgadiall Julad A8k aladia ¢Sey 1A3adla
PR LA A
y -
$ A=Ai+A ]
B=B,i+B,]j

R=A+B=(A +B)i+(A +B,)]

» X

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 19

Example 3

Find the sum of two vectors Aand B and given by
A=3i+4jand B=2i-5]j

Solutions
Note that A,=3, Aj=4, B,=2, and B,=-5

R=A+B=(3+2)i+(4-5)j=5—]j
The magnitude of vector R is

- R=R>+R’>=+25+1=126=5.1

The direction of R with respect to x-axis is

v R _
f=tan*—L =tan* ?1 =-11°

X

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 20
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Example 4

Two vectors are given by A=3i- 2j and B=—i- 4j . Calculate (a)

A+B,(b) A- B, (c)|4+B|, (d)|4 - B, and (e) the directionof A+ B
and |4 ﬁ‘ .
Solutions
(@) A+B = Bi—2j)+(—i—4j)=2i—6j
(b) 4-B = Bi—-2j)—(—i—4j)=4i+2j
(c) |4+ E‘ = 2% +(-6)° =632
(d) |4- Eé‘ =47 +27 =447
(e) For A+ B, 0 =tan’!(-6/2) = -71.6° = 288°
For A-B, 0 =tan''(2/4)= 26.6°
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 2]_
Example 5

A particle moves from a point in the xy plane having
rectangular coordinates (-3,-5)m to a point with coordinates (-
1,8)m. (a) Write vector expressions for the position vectors in
unit vector form for these two points. (b) What is the
displacement vector?

Solution B
(a) R =xi+yJ=(=81-5))m
R,=Xi+Y,j=(-1+8j)m
AR=R,—R,
(b) Displacement =
AR = (X, =x)i+ (Y, —y)j=—1—(-31))+8j—(-5]))=(2i +13j)m
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 22
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EXAMPLE 6

A vector A has a negative x component 3 units in length and positive y
component 2 units in length.

(@) Determine an expression for A in unit vector notation.
(b) Determine the magnitude and direction of A.

(c) What vector B when added to A gives a resultant vector with no
x component and negative y component 4 units in length?

Solution
A, = -3 units & A, =2 units y
(@) A= Ai+Aj=-3i+2j units

(b) |A= JAT+ AT = /(3 +(2)7 =361 units

0 =tan(2/-3) = 33.7° (relative to the —x axis)

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 23

(c) What vector B when added to A gives a resultant vector
with no x component and negative y component 4 units
in length?

R,=0&R,=-4; since R=A+B, B=R-A
B,=R,~A =0-(-3)=3
B,=R,~A,=-4-2=-6

Therefore

B=B,i+B,j=(3i—6j) units

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 24
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Product of vectors

There are two kinds of vector

product the first one is called

scalar product or dot product

because the result of the B

product is a scalar quantity.

The second is called vector

product or cross product A -
because the result is a vector

perpendicular to the plane of

the two vectors.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 2
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The scalar product

dot (il il scalar product (eubl) g pudal) < jay
Aol ApaS Cpgaial ulil) qpall Aol 0 659 product
Ot D) gmiannall Ay ) ) CailS 1) Asa g Amasll) 00N (9Kl g
S 1) At A il) () 5-S3 g A )3 90 5 0 (it (gl
g g s A3 180 5 90 O Ol G B guanal 45030

.90 Ay g0 30 il 13) 1 hea

A.B = +ve when 0<6<90°
A.B = -ve when 90° < 9 <180°
A.B =zerowhen =90

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 3

Mia B Jg¥) daiall e Qd dualay  Gagaial bl Q) Gy
JLagin 5 guannall 4 ) 30 Al cua (A AU Aqial)

AB =|A|B|cos &

ool LS 4aa IS S ya pladluly (paial (ol Gl Aad dla) ¢Sa
A=Ai+A j+Ak
B=B,i+B,j+Bk

The scalar product is
[Aé =(AAi+ij+Azk).(BXi+Byj+sz)]

2 il B Aalial) il ja 2 A dadall LS ja

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 4



AB=(AiB,i+AiB,j+AiBKk
+A J.Bi+A B, j+A]Bk
+AkB,i+AkB,j+Ak.BKk)

Therefore

E AB=AB, +AB, +AZBZ}

The angle between the two vectors is

ABE AB +AB,+AB,

Bl A8

cosd =

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

Example 1

Find the angle between the two vectors
A=2i+3j+4k B=i-2j+3k

Solution AB,+AB, +AB,
cosf =
A8
AB +AB,+AB, = (2)(1)+(3)(-2)+(4)(3)=8
Al =22 +32 +42 =29
Bl=V1*+ (-2 +3" =14

cosd = 8 =0.397 = 6 =66.6°

J29+14

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org
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The vector product

cross product = vector product (Al Gl w2
118 dad dgaie dgas (pgaial ALY G uall Al ¢ 4S5
SA il Ga S o gages aladly C=AxB 4l
2 LaS B 4atall ) A 4adall (e deay i (g3 sladl A9 B
1Au Jddl

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7

AxB = ABsing

AxB=(Ai+A j+Ak)x(Bi+B,j+Bk)

To evaluate this product we use the fact that the angle
between the unit vectors i, j , k is 90°.

ixi=0 ixj=k Ixk=—]
jxj=0 Ixk=i Jxi=-k
kxk=0 Kxi=] kx j=-i

z

AxB=(AB,-AB,)i+(AB,—~AB,)j+(AB,-AB,k

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8
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If a = a1+ asj+ ask and b = byi+ byj + b3k then

i j k
axb = |a a as
by by b3
- o dg . iy Qs . a, a9
= Dby b | by by [T b by | K

= ((tg X bg — ag X bg)l — ((ll X bg — dg X blj_] + ((11 X bg — a9 X bl)

If C=AxB ,the components of C are given by
C,=AB,-AB,
Cy :AZBX _A<Bz
C,=AB,-AB,

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 9

Example 2

If G—AxB,where A=3i—4j,and B=-2i+3k ,whatisC ?

Solution

C=AxB =(B8i—4j)x(-2i+3k)
which, by distributive law, becomes

C =—(3ix2i)+Bix3k) + (4] x2i)— (4] x3K)

Using equation AxB = ABsing toevaluate
each term in the equation above we get

C=0-9j-8k—-12i =—12i—9j -8k

The vector C is perpendicular to both vectors A and B.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_O
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Example 3

Two vectors lying in the plane are given by the equations
A=2i+3jandB=-i+2]j.

Find AxB and verify that AxB = -Bx A

Solution
i E
/ 3 o |2 o 2 3
AXB=|2 3 0=/ y +E&
20 -1 0 -1 2
-1 2 0
AXB=E(4—(-3))=TF
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ll
A=2i+3jandB=-i+2]
i -
/ 2 0 |t oo |1 o2
BXA=|-1 2 0=/ -7 +kE
3 0 2 0 2 3
2 3 0
AXB=k(-3—(4))=-TF
So,
AXB=-BxA
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 12
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Example 4

For the vectors A=-3i + 7 j - 4k and B = 61 -10 j + 9k,
evaluate the expressions

(a) COS{%J and (b) sinl(wj

Al[B] [A][B]

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 13

|A|=v9+49+16 =474 and |B|=+/36+100+81=+217
|A||B| = 744/217 = 126.720

A-B=(-3i+7/—4k)-(6;—10 j +9%&) =18 +(~70) +(-36) = —124

ik

AXB=|-3 7 —4|=i(63-40)— j(-27+24)+£(30-42)
6 —10 9

AXB=23/+3,-12k |AxB|=

7' A 4 4 1 ;
os'l( 124 J:cos"'(—0.9785)1168° Sm-l[ 26.111
126720

jzsnf*ulozoﬁl):12°

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_4



7/10/2013

(@ ‘»)) A
General Physics |

Mechanics: Principles & Applications

k i Lecture (4): Motion Kinematics
e - Displacement — \elocity — Acceleration

Dr. Hazem Falah Sakeek
Al-Azhar University of Gaza

Contents of Unit 2: Mechanics

» The position vector and the displacement vector
» The average and Instantaneous velocity

» The average and Instantaneous acceleration
» One-dimensional

> Free Fall

> Motion in two dimensions |

» Projectile motion

» Uniform Circular Motion |

> Problems

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 2



7/10/2013

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 3

About Mechanics

giliaa g alual) 48 a Ay algh Al dal gl aglal) e LSSl e
\aalipall s Kinematics \Silaisll Jia g Al ggd alall 138 (e g il

.Dynamics
Wechanics
| 1

ol B s lual) &S A has K Kinematics Walalsl alo
Whlaay alall) 4S A (ot 56 Dynamics Sealial) ale Lol lgilua
LAl ¢ 5 g8l Jia

Lilsal) clilaay) o JS e 5 alual) AS o Ay aglic 4l B
ASpalizall ale gh g (AU £ RN (g el ary o5 Asda 3N
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= Circular Motion

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

Lald) aluad Kinematics 48 adl i g ale 4l 38 cilyalbad

da) 3y
Displacement

i )

\elocity

dlaal)
Acceleration

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6



7/10/2013

The Position Vector and the Displacement Vector
Guuliall (a9 Adlida Aiajf die & jatal) amall g ge paadl slia) jglaa slaie) ) Ua zliad

.rectangular coordinate (X,y,z) = Csew La gl 43558080 SEuy) | glaa slaic)

y
A
ry =x1lt+Y1)

Ty =Xl +Yyyj

AF=F2'T_’21

OlSa () cpma i) 38 50 (a Jual gl) 4aiall g4 Position vector gagall 4aie jLis) (Sa

3335 3)al) acal)
) e
RN
) 2 ga
o

p X

Ar is the displacement vector which represent the change in
the position vector.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7

Ax is +ve if X, Is greater than x,; and —ve if X, is less

than x;.
y — — — y
AX =%x5-%1
x;) )C]
A Sl |
() ; : » + } x O h < : . § { X
10 20 30 40 10 20 30 40
Distance (m) Distance (m)
Displacement is positive. Displacement is negative.
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8
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Algll g Aghand) Al oy ABliaal) e saiad displacement As3¥) of BaY
,M\MQQM‘JM\U.‘G u&.ﬁ‘i;hﬁé

X
West 0 40 m 30 m East
H/_/

Displacement

Displacement has both a magnitude and a direction, it's a
vector quantity, but Distance has a magnitude only, it’s a
scalar quantity.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 9

Distance vs. Displacement

O Assume a player moves A
from one end of the court to &
the other and back. ;

Q) Distance is twice the length
of the court.

U Distance is always positive.

O Displacement is zero

AX = X¢—X; = 0 since X; = X;

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 10
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Example 1

Write the position vector for a particle in the rectangular
coordinate (X, y, z) for the points (5, -6, 0), (5, -4), and (-1, 3, 6).

Solution
For the point (5, -6, 0) the position vector is 7 = 5i — 6j
For the point (5, -4) the position vector is ¥=5i —4j
For the point (-1, 3, 6) the position vectoris T = —i + 3j + 6k
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 11

Example 2

Calculate the displacement vector for a particle moved from
the point (4, 3, 2) to a point (8, 3, 6).

Solution

The position vector for the first pointis 71 = 4i + 3j + 2k
The position vector for the second pointis 7, = 8i + 3j + 6k
The displacement vector

A?Z?Z'Fl

W AT = 4i+ 4k

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 12
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Example 3

Positive direction

B g
-
Negative direction
Py 1 | 1 l | oL x(m)
-3 —% -1 9 1 2 3
Originj X (f))=+25m
> X, (t,)=-2.0m
Ax=-20m-25m=-45m
x1 (1'1) = - 30 m

XZ (Tz) =+ 10 m
Ax=+10m+3.0m=+40m

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 13

Example 4

If the position of a particle is given as a function of time
according to the equation

7(t) = 3t%i + (3t — 2)j
where t in seconds. Find the displacement vector for t,=1 and t,=8
Solution
First we must find the position vector for the time t, and t,
Fort,=1s 7, (t1) =3i+j
Fort, =8s Ty (t) = 192i + 22j

The displacement vector
AP =7, -7, =192i+22j—-3i—j
AT = 189i + 21j

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 14
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The Average Velocity and Instantaneous Velocity

Rl Gl 1, on30) 235 Tl g ) 1, G0 0 sl g om sl JH i
dolall oy awdl) O Euag Velocity Aspmdly dimy t-t; Oa3Y 34 A Ax da)Y)
a9 LAverage velocity ds el b gies et 4y guaall Ao pud) 8 Adlida Cile

.Instantaneous velocity 4ball) de judly sl 4 yie de yual) Ly o3

Displacement = AXx
 Ax P
v -
—— i __j__.—-——'—'_-_._“
- — Pt e ..., Rt i S
e ————— ﬁ__cu.t_;\m
=R i
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

If it takes you 20 minutes to travel 7 Km, what is your
average velocity?

What is your average velocity?

a) 0.35km/hr b) 21 km/hr o 2.9 km/hr

Vag= DX _ Tkm _ Tkm by

A7 20min 0.33 hr

15

16
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The Average Velocity and Instantaneous Velocity

. If you make a plot of
< . displacement  versus
slope = INSBIETEOUS time, the slope of the
curve gives the
... A7 instantaneous velocity
v = lim — .
- At-0 At atany time.
x Ax

While the average

‘\slope — instantaneous VeIOCity iS. _given O_V€r
velocity  gome finite time

interval.
. Ar
Vave= 75
. Af o I At
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 17
The average veloeity of a particle is defined as g 60T
the ratio of the displacement to the time 40
interval. ; di
‘g 20+
. AT _ )| I S S —
Vape= — average velocity 0 01 02 03 04 05
At (a) Time (h)
The instantaneous velocity of a particle is = 60
defined as the limit of the average velocity as E 40 .
the time interval approaches zero. ol S T Average velocity
- AP g 20
v=lim — =
At-0 At > 0 } } } } t
0 01 02 03 04 05
. dr . . (b) Time (h)
LY = — Instantaneous veI00|ty
dt These graphs show (a)
constant velocity and (b)
The unit of the velocity is (m/s) varying velocity.
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 18
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x(m)
60

|

Position-Time Graph

| | | | |
10 20 30 40 50

1(s)

U Average velocity equals the slope of the line joining the
initial and final positions. It is a vector quantity.

O An object moving with a constant velocity will have a

graph that is a straight line.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 19

Uniform Velocity
U Uniform velocity is constant velocity.
U The instantaneous velocities are always the same,

all the instantaneous velocities will also equal the
average velocity.

QO Begin with szgzxf—xi then X; =X, +V,At

At At
V A{i‘)( = )( f _ )(i = \/)(lflkt
V()

Vx T T
| 1
| 1
| 1
| 1
| 1

0 ! ! t
i t

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 20
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As you are driving, the value given on your speedometer is
which, the average speed or the instantaneous speed?

Your speedometer tells you the:
. ’—______----’
instantaneous || _——_ __

a) average speed b) speed

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 21

The Average Acceleration and Instantaneous Acceleration

3 g vy A A e 1, Bl an () £y ol A5 L g on puand) J) i
gl anly i a3l ) Apily depud) S Jue OB v, de ) ciils dgdd
Al gl gsGy <Average Acceleration golwdll hugia si Acceleration

Sl e Laall) Aoyl dad Aala g4 Instantaneous acceleration

&Jhﬂhww‘}ﬂw\éhﬂ\gﬁﬁ\ ‘Vlhﬂ@)dﬂwldpbwtdﬁ
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The average acceleration of a particle is defined as the ratio of
the change in the instantaneous velocity to the time interval.

—

=

v .
dave = 2 average acceleration

The instantaneous acceleration is defined as the limiting value
of the ratio of the average velocity to the time interval as the
time approaches zero.

S Av

a= lIm —
At—0 At

— I .

9 0= — instantaneous acceleration
dt
‘ > - d (dx\ d’x
“=a\ar) " a2
The unit of the acceleration is (m/s?)
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 23

Velocity-Time Graph

U Average acceleration is the slope of the line connecting the
initial and final velocities on a velocity-time graph
U Velocity as a function of time
avl

Vi (t) =V, +a,, At AV, =V =V, =2, At

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 24
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Positive Acceleration

Juai 1,= 55 W b Aia 558 g 1= 0 ) e vy= 0 sl Sl (e A8 ) T B o 22 il
15 Km/h/s s 8 jtadl & jasil) Jou gia ¢id 75 Km/h 4w (1) 8 jasad)

4t =0 ;
Acceleration i+ 1

Vi =0 s Positive Acceleration

km/h
oo —

at t = 1.0s
Vv = 15 km/h
at 1 = 2.0s
Vv = 30 km/h
at t=1, = 50s
V=V, =T75km/h
-mw E

Cua LBl e IS 5 g bl de i Bal) e g ludl) Ll odle (Sl g
30 km/h () de puadl Juai il (3 a9 15 Km/h s gbews 4336 048 (g5 2y Ae pud) 60
Y
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Relation between velocity and acceleration

This car moves at o — — - > — Zero acceleration
consantvelocity (zero b | ) oy SRy SRy R S Constant velocity

acceleration).

This car has a constant
acceleration in the >
direction of its velocity.

Positive acceleration
Positive Velocity

an

This car has a ) — —T - >

constant acceleration |, | [ @@ m @ Negative acceleration

in the direction Positive Velocity
opposite its velocity. o - - i - -

Three sets of strobe photographs of cars moving along a straight roadway
in a single direction, from left to right. The time intervals between flashes
of the stroboscope are equal in each part of the diagram.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 26
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Relation between velocity and acceleration

v a Motion
+ + speeding up
= = speeding up
+ = slowing down
= + slowing down
—or+ 0 constant velocity
0 —or + speeding up from rest
0 0 remaining at rest
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 27

Quick Quiz

The three graphs in the Figure below represent the position vs.
time for objects moving along the x-axis. Which, if any, of these
graphs is not physically possible?

(a) (b) (c)

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 28
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Example 5
The coordinate of a particle moving along the x-axis depends
on time according to the expression
X = 5t2 - 2t3
where X is in meters and t is in seconds.

1. Find the velocity and acceleration of the particle as a
function of time.

2. Find the displacement during the first 2 seconds.

3. Find the velocity and acceleration of the particle after 2
seconds.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 29

Solution

(a) The velocity and acceleration can be obtained as follow

y= dx _ 10¢ - 682 X = 5t2 - 2t3

(b) using the equation x = 5t 2 - 2t 3 substitute for t = 2s
X=4m

(c) using the result in part (a)

v=-4m/s
a=-14 m/s?
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 30
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Example 6

A man swims the length of a 50m pool in 20s and makes the
return trip to the starting position in 22s. Determine his
average velocity in (a) the first half of the swim, (b) the
second half of the swim, and (c) the round trip.

Solution
(a)vi= izﬂ =2.5m/s
rn 20
d =50
nw=-_-—=—=227m/s
®) ) 20

(c) Since the displacement is zero for the round trip, v, =0

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 31

Example 7

A car makes a 200km trip at an average speed of 40 km/h. A
second car starting 1h later arrives at their mutual
destination at the same time. What was the average speed of
the second car?

Solution
h= E:@ =5h forcarl
vi 40
n=t-1=4h for car 2
2= d _ 200 = 50km/h
t2 4
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 32
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Problems to be solved by yourself

1. A particle moves along the x-axis according to the equation
x=2t+3t2, where x is in m and t is in second. Calculate the
instantaneous velocity and instantaneous acceleration at t=3s.

2. When struck by a club, a golf ball initially at rest acquires a
speed of 31.0 m/s. If the ball is in contact with the club for 1.17
ms, what is the magnitude of the average acceleration of the ball?

3. A car makes a 200km trip at an average speed of 40km/h. A
second car starting 1h later arrives at their mutual destination at
the same time. What was the average speed of the second car?

4. A particle is moving with a velocity v,=60m/s at t=0. Between t=0
and t=15s the velocity decreases uniformly to zero. What was the
average acceleration during this 15s interval? What is the
significance of the sign of your answer?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 33
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One-dimensional motion
with constant acceleration
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One-dimensional Motion With Constant Acceleration

constant Wb ¢ il Led ¢ 5Ss Lexie Jasd elld g aal g 2ay (84S jall O¥) i
Instantaneous Balll ¢ Ll (5S Al 38 45 acceleration
.Average acceleration g Jludll b 5ie (s jbu acceleration

Instantaneous acceleration = Average acceleration

a, Uy

>

Slope = a,

Slope =0

~F—————29
o
S

A Al PR Ll OV (ailis o ol 35 ol L) Aoyl ld SN dagm
S A il e Taaly; @l e jna g
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Kinematic Equations at Constant Acceleration

x

a=a,, = o
ave t—t Slope = 0

2

=

~F----4

V=V, +at

Ay Ao ) Wb 1) t Cre) ol e v de pud) da) oSay Adalaal) 03 (e
O ke (s gbaw £ el (IS 1))y amad) 4 Ay M) @ ol g luilly v,
dopudl gl gl dopudl O a1y (ol Lo i Y As )

A(M/S) A8 o 2y A3 A8 Aslaal) 3938 (e 2a J8 of Lad BaaY Aty
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Kinematic Equations at Constant Acceleration

a,
Since the velocity varies linearly (23)
with time we can express the average

. Slope = 0
velocity as b

V+V,
Vae = 2

To find the displacement Ax (x-X,) as a
function of time Uy

V+V
Ax=vaveAt=( +2 ojt

Slope = a,

Uy @F—————————————— + — ‘U\/

X= xo+%(v+vo)t

This equation provides the final position of the particle at
time t in terms of the initial and final velocities.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

We can obtain another useful expression
for the position of a particle under constant Slope = 0
acceleration

~F=-=-—--4
«— 2

x:&+EW+%ﬁ
2
V=V, +at
1
x:xo+5(vo+at+vo)t

— 1 qt2
X=X, +V,t+5at \

This equation provides the final

position of the particle at time tin terms
of the initial position, the initial velocity,
and the constant acceleration. |

Slope = u,;

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6
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We can obtain an expression for the final velocity that does
not contain time as a variable

x=xo+%(v+vo)t

V=V, +at —— ..t= :

1 V-V
X=X +=(V+V) 0 > X=X, +———
(0] 2 (o]

vi=v," +2a(x—x,)

This equation provides the final velocity in terms of the initial
velocity, the constant acceleration, and the position of the
particle

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7

Kinematic Equations at Constant Acceleration

V=V, + at Velocity as a function of time

1 o . : :
X=X, + > (v+v )t  Position as a function of velocity and time
X=X, +V,t+%at® Position as a function of time

2 2 . : .
Vo=V, + 2a(x— Xo) Velocity as a function of position

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8
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Example 1

A body moving with uniform acceleration has a velocity
of 12cm/s when its x coordinate is 3cm. If its X
coordinate 2s later is -5cm, what is the magnitude of its
acceleration?

Solution
X=X +Vt+iat
0 (o] 2
-5=3+12x2 +0.5a (2)?
a=-16 cm/s?
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 10
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Example 2

A car moving at constant speed of 30m/s suddenly stalls at the
bottom of a hill. The car undergoes a constant acceleration of -
2m/s2 while ascending the hill.

1. Write equations for the position and the velocity as a function
of time, taking x=0 at the bottom of the hill where v, = 30m/s.

Solution
X=X, +V,t+iat’
X=0+30t-t?
x=30t-t? m
V=y,+at
v=230-2t m/s
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 11

Example 2 continue

2. Determine the maximum distance traveled by the car up the
hill after stalling.

Solution
X reaches a maximum when v = 0 then,
v=30-2t =0 therefore t=15s
Xmax = 30 t - t2
x=30t-t2 =30 (15) - (15)? = 225m

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_2



Example 3

Atypical jetliner lands at a speed of 71.5m/s and decelerates at the rate
of 4.47m/s2. If the plane travels at a constant speed of 71.5m/s for 1.0 s
after landing before applying the brakes, what is the total
displacement of the aircraft between touchdown on the runway
and coming to rest?

Origin
: / f— ]
w v . ]
S — e s P—- x
- T - ; - E
: A, coasting | B, braking distance |
| distance N N
T f |
[ | — I
vy =715 m/s vy =71L5m/s
a=10 U = 0
i=10s a =—4.47 m/s?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

Solution
the displacement while the plane is coasting:

AXconsting = 0t + zat® = (71.5m/s) (1.00s) + 0 = 71.5m
the displacement while the plane is braking:

IJ:) — ‘UOQ + 2a Axbmkjng

v —of  0— (71.5m/s)?

— —r
% 9.00(—4.47 m/s2) 572 m

Axbl‘ﬂkjﬂg =

Sum the two results to find the total displacement:

A%eoasiing T A¥paking = 72 m + 572 m = 644 m

13

Exercise: A jet lands at 80.0 m/s, the pilot applying the brakes 2.0 s
after landing. Find the acceleration needed to stop the jet within
5.00 x 102 m. Ans. a =-9.41 m/s?.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org
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Example 4

A car traveling at a constant speed of 45.0 m/s passes a trooper
on a motorcycle hidden behind a billboard. One second after the
speeding car passes the billboard, the trooper sets out from the
billboard to catch the car, accelerating at a constant rate of 3.00
m/s?. (a) How long does it take her to overtake the car? (b)
How fast is the trooper going at that time?

t®:—1.00S t®:0 .‘f@:?
() ©
AT )=

=)

V &'

N

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 15
Solution L ©=
) O ©
(a) How long does it take her €= 45m —> A=
to overtake the car? ; @
0,0;

The position of each vehicle
as a function of time.

?—

Xar = X@ T Ul Fro the car (constant velocity)
A 5 Fro the t tant accelerati

r rooper (constan ration
Saooper = 0 + (0)¢ + Lay? = 4q2 TTO the troope (constant acceleration)

Xirooper — ¥car The positions of the car and
Lad? = xg + 0yeal trooper equal at position ©

é(.'.xe‘z — Upearl — Xg =0

Veear = Ve + 2a0g S0IVE the quadratic equation for the time

i at which the trooper catches the car

ay

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_6
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Solution continue

{ — .UICEI i v Uica: + anx®
: m
Y 2 ox Evaluate the solution, choosing the positive
(=22, Jxer L 20 60t because that is the only choice
y a,” y

consistent with a timet >0

[ A5.0m/s +\/(45.0 m/s)*  2(45.0 m)
© 3.00m/s’ (.00 m/s*)?  3.00m/s?

= 31.0s

(b) How fast is the trooper going at that time?

Vtrooper = Vo + a’(roopert =0+ (3-0m/32)(31-0 S)
=93 m/s

ohind ¥ LD QA Wb 1)) S0 gigall Bl cijglad Latie t=0 LAl Al ol )i
P e b S As bl (Y JSgigall poladl) cld die A all c¥alaa aladial
iy lLtie (=0 il kel iy .3 m/s? goludl) mual dld sy SN Al

Alaal) il sie A< jal) e alea aladi) aaiod Uil AS ad) JSu g gall

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 17

Problems to be solved by yourself

1. A car traveling initially at a speed of 60m/s is accelerated
uniformaly to a speed 85m/s in 12s. How far does the car
travel during the 12s interval?

2. A body moving with uniform acceleration has a velocity of
12cm/s when its coordinate is 3cm. If its x coordinate 2s
later is -5cm, what is the magnitude of its acceleration?

3. The initial speed of a body is 5.2m/s. What is its speed
after 2.5s if it (a) accelerates uniformaly at 3m/s? and (b)
accelerates uniformaly at -3m/s?.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 18
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Free Fall Acceleration
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ralling Objects

Near the surface of the Earth, all objects experience
approximately the same acceleration due to gravity.

In the absence of air
resistance, all objects fall
with the same acceleration,
although this may be hard to
tell by testing in an
environment where there is
air resistance.

(a) | (b)

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 4
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Free Fall Acceleration

One important example of
constant acceleration is the
“free fall” of an object under
the influence of the Earth’s
gravity. The picture shows an
apple and a feather falling in
vacuum with identical motions.

The  magnitude of this
acceleration, designated as g,
has the approximate value of a
=g =9.81 m/s?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

U Earth gravity provides a constant
e acceleration. Most important case of
HannA constant acceleration.

,] /a Q Free-fall acceleration is independent
‘ 3 of mass.

O Magnitude: |a] = g = 9.8 m/s?

U Direction: always downward, so a, is
negative if define “up” as positive,

Q a=-g=-9.8m/s?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6
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Free Fall Kinematics Equations

va M pha (e Bagiaa clelin)l o Lo A0 Al ) i) Aae o dua
QL) ) ealaall aladiad (Say llyg (oY) S e olad) B Laila Lgaladlg
B ML dpa ¥ dilal) dlaay g Aaall o g saill dliS gy Ja sl X el il ga
Ade yay g a1 S e oladl B Lails Apda ) Ldlad) Ape oY dlldy -9 Al

lldl y Jsaad) A e

V=V, +at )
X=X, +%(v+vo)t )

X=X, +V,t+1iat? o)

V2=V, +2a(X—X,) )

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7
Example 1
i 7--"""-‘\‘ U(]:U I" |
A stone is dropped from rest from =——— ] 5
the top of a building, as shown in the g g g g ‘T‘
Figure. After 3s of free fall, what is 1nan v
the displacement y of the stone? om0aon L=
. pooao|
Solution onaa T 2300
; Baaa v
From equation 0000
g
=y, +V,t—3gt° — T
y - yo (o] 2 g
2
y=0+0-1x9.8x(3)
y =—44.1m
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8



Example 2

A student throws a set of keys

vertically

upward to

another

student in a window 4m above as

shown in the Figure.
are caught 1.5s
student.

later

The keys
by the

(a) With what initial velocity were

the keys thrown?

(b) What was the velocity of the
keys just before they were

caught?

Solution

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

(@) Lety,=0 andy =4m att =1.5s

then we find

y =Yy, +Vv,t—1gt?
4=0+15V,-4.9(15)°

Vo =10 m/s

(b) The velocity at any timet>0is »

given by
v=yVv,—0gt

v=10-9.8 (1.5) = - 4.68 m/s

ﬁjﬂ
T K

4.00 m

Yo=0 —
NS
B T

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org
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®

Example 3

A stone thrown from the top of a building is given
an initial velocity of 20.0 m/s straight upward. The
stone is launched 50.0 m above the ground, and
the stone just misses the edge of the roof on its
way down as shown in the Figure.

(A) Using t, = 0 as the time the stone leaves
the thrower’s hand at position A,
determine the time at which the stone
reaches its maximum height.

(B) Find the maximum height of the stone.

(C) Determine the velocity of the stone when
it returns to the height from which it was
thrown. 5005

(D) Find the velocity and position of the stone
att=5.00s.

(E) Find the time required for the stone to
reach the ground

LR

]

S,

-

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 11

lg=2.04s
yp=204m
0,g=0
ag= —9.80m /s2

Solution

(A) determine the time at which
the stone reaches its maximum
height.

0.0 m/s
9.80 m/s*

S ——

=
e ey T L. SRSy .

N

V = V0 = gt et s 15
V-V,
-9
0 - 20‘.0‘ m/s 50.0 m
t=tg=—ror 5 — 204
® " o80m/s | 208

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 12



Solution

(B) Find the maximum height of
the stone. 9=0

ro=0

u,@=20.0m/s

BUS) (ol () ) ) G anall a3l ) i 57—

sAdalaall A (pe Aluia el Gloa adaiind AUl g

— 1 ~t2
y= yo +Vot_§ gt
Ymax = Y@ = _}‘@+ Ua@‘ + %ajtg

50.0

yg = 0 + (20.0m/s)(2.045) + 3(—9.80 m/s?)(2.045)* = 204 m

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

Solution

(C) Determine the velocity of the
stone when it returns to the w-o

Yo =0

height from which it was thrown.  ze-2oms

a,g=—9.80 m/s*

v :Voz —-29(y-Y,)

vy©2 = 1;),@2 + 2a,(y9 — V@)
1,)@2 = (20.0 m/5)* + 2(=9.80 m/s*)(0 — 0) = 400 m?*/s* _
Ug = —20.0 m/s
Laladly Adiaiy) dopudl dad golud La depudl () BaY
Al g dnda ) Apilal) Aae B cudi A al) oY @il Jiwd
Dl (0 g s g2l 0

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

m

A

A
- ®

A

‘@

———————

%

< R (S ———

S~ T - S ———

lg=2.04s
Yo=204m
7,g=0

4, = —9.80 m/s’

13

lg=2.04s
yo=204m
u,e=0 5
ag= —9.80 m/s

© tgo=4.08s
ye =0
7,9 = —20.0 m,’sq
a,g= —9.80m/s*

14

7/11/2013



Solution

(D) Find the velocity and position
of the stone att =5.00 s.

%= 20.0m/s
a,g=—9.80m/s*

v=y,—gt

Vo= Ue + ait = 20.0 m/s + (—9.80 m/s?)(5.00 s)

Vyp=-29.0 m/s

50.0 m
Yo = e T vyel t+ %a)ﬂ
=0+ (20.0 m/s)(5.00 s) + 5(—9.80 m/s?)(5.00 s)?

= —22.5m

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

Solution
(E) Find the time required for the
stone to reach the ground 620

%e=200m/s
am= —‘,).S(l m/s”

_ 1 ~t2
y= yo +Vot_5 gt
Y,=0 &89 y=-50m ¢& s sailly
—50.0m = (20.0 m/s)t — (4.90 m/s%)¢?

Apply the quadratic formula and take
the positive root:

t=5.83s

50.0 m

Exercise: Find the velocity of the stone just before
it hit the ground

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

N

s

1

I

A

I

1

I

|

|

i
: ®

e ——

B T e e e i i Sy S S IS s, e s e i o e e s o

(
I
I
I
I

Fd o

- R

lg=2.04s
yp=20.4m
1,e=0

a4,g= —9.80 m/s’

© to=4.08s
ro=0
9,0=—20.0m/s
d,e= —9.80m/s>

15

ig=2.04s
Y= 204m

%@ = 2
a,@= —9.80 m/s*

© tg=4.08s
ye =0
%o = —20.0m/s
4= —9.80m/s*

® tp=>500s
b m

y@=—50.0m

® »e=—371m /s,
4= —9.80 m/s*

16
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Example 4

Use symbolic manipulation to find (a) the maximum
time t,,, it takes the ball to reach its maximum height
and (b) an expression for the maximum height that
doesn't depend on time. Answers should be
expressed in terms of the quantities v, g and y, only. 1

@

L itttk t LN

;

~

(a) the maximum time t,,,
vV=V,—gt
V-V,
V—VO :_gt ) =t
-9
1S Juand gL ) ) e v=0 (e pagd

V,
:tmax E—) tm =0

aX

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

€]

50.0 m

0-v,

e P e e e

®

[EEY
\l

®

(b) an expression for the maximum height
_ 1 2
Y=Y, +Vl—20t

Al ey, EUWE) ) et 8 Gl il

I e

@

]

«
~

g
|
®

1ok b Ao Juand

®

V 50.0 m

Yo = yo_l_VL S pnad) o Al Adlaall A
29

e e P A e

@

[EEN
oo
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Problems to be solved by yourself

1. A hot air balloon is traveling vertically upward at a constant
speed of bm/s. When it is 21m above the ground, a package is
released from the balloon. (a) How long after being released is
the package in the air? (b) What is the velocity of the package
just before impact with the ground? (c) Repeat (a) and (b) for
the case of the balloon descending at 5m/s.

2. Aball thrown vertically upward is caught by the thrower after
20s. Find (a) the initial velocity of the ball and (b) the
maximum height it reaches.

3. Astone falls from rest from the top of a high cliff. A second
stone is thrown downward from the same height 2s later with
an initial speed of 30m/s. If both stones hit the ground below
simultaneously, how high is the cliff?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 19
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Two-dimensional motion
with constant acceleration
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The Kinematics of a Particle Moving in
Two Dimensions

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 3

Motion in Two Dimensions

aisa Jad 8 il ¢ jat Latie gl al g day 8 AS jal) Gabledd) Jual) (B L o
pd A a V) i oy sgaa B s Unghor pual) ey 0 i X gaa o
Aol g AU (o8 Gua il giial) AS a Jha Xy (e IS Bl Cpam B

Y ssaall g X saall olad) & (lisS e

Motion in two dimensions like
the motion of projectiles and
satellites and the motion of
charged particles in electric
fields. Here we shall treat the
motion in plane with constant
acceleration and uniform circular ;
motion.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 4



Motion in Two Dimension

In previous lectures, we found that the
motion of a particle along a straight
line such as the x axis is completely
known if its position is known as a
function of time. Let us now extend this
idea to two-dimensional motion of a
particle in the xy plane.

In order to study motion in two
dimensions, we need to use the concepts
of vectors.

Position, velocity, and acceleration in
two dimensions are determined by not
only specifying their magnitude, but
also their direction.

®
2

Scale for velocity:
l cm =90 km/h

:
Q@
@ %

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

The Displacement Vector in 2D

Assume that the magnitude and
direction of the acceleration remain
unchanged during the motion.

The position vector for a particle
moving in two dimensions (xy plane)
can be written as

F:xi+yj

where X, y, and r change with time as
the particle moves

y

The displacement of the
particle is the vector AY.

~, Path of
particle

X

@MA\JM\UJG?HAJJM

TheQ|IspIacementvectorArfora rp Aaiall aaag Xy Ol 8
particle 23545ty a3l 2 ameal) puda ga
AT =1, —r, t, (el de drdga 1, Axdall

AT Axially dliaa da) Y (95

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6

7/16/2013



7/16/2013

The Velocity Vector in 2D

The direction of the instantaneous velocity v of
a particle is tangent to the path at the particle’s =
position.

The velocity of the particle as a function of time
is given by

dr dx. dy. S :
=—=—i+— V=V I1+V

gt dr @ dt’ ATy
We define the average velocity v, of a particle during the time interval
At as the displacement of the particle divided by the time interval:

- Ar

Vave = —

<\

Because displacement is a vector quantity and the time interval is a
positive scalar quantity, we conclude that the average velocity is a vector
quantity directed along A7

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7

The Acceleration Vector in 2D

As a particle moves from one point to
another along some path, its instantaneous
velocity vector changes from v; at time t;
to Uy at time t; . Knowing the velocity at
these points allows us to determine the
average acceleration of the particle. 0
The average acceleration d,,, oOf a particle is defined as the change
in its instantaneous velocity vector Av divided by the time interval
At during which that change occurs:

_ Aﬁ _ T_J)f - 'l_ji

Gave = 3¢ = tr—t;
The acceleration of the particle as a function of time is given by

dv_dv,. dv

a=V oW T a=ai+a,j
dt dt dtJ X v

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8
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Two Dimensions

Position: x Position vector: r

Displacement: Ax Displacement vector: Ar

Velocity: displacement per unit Velocity vector: change in the

time. Sign is equal to the sign of position vector per unit time. The
the displacement A x direction is equal to the direction of

the displacement vector Ar.

Acceleration: change in velocity Acceleration vector: change in the

Av per unit time. Sign is equal velocity vector per unit time. The
to the sign of the velocity direction is equal to the direction of
difference A v. the velocity difference vector A v.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 9

Motion in Two Dimensions
The motion in two dimensions can be modeled as two independent
motions in each of the two perpendicular directions associated with

the x and y axes. That is, any influence in the y direction does not
affect the motion in the x direction and vice versa.

Velocity in Two Dimensions Acceleration in Two Dimensions

v a
Vv, a,
/M /M
Vy a,

Vi = v cos O ax = a cosB
vy = v sin 0 ay, = a sin @
|v|: \{' V,(z + V}‘Z |a|: \," axz +ay2
Vy a
tan = — tan@ = =
Vx ax
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 10
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Kinematics Equations with Constant Acceleration

When the acceleration is constant then we can substitute

Vy = Vyo + Ayt vy = vy, +ayt
In o
V=V,i+V, ]
We get
V= (Vg + ax)i + (vy, + ayt)j
V = (Wxol + Vyof) + (ayi + ayj)t
then

v=v,+at

Aoyl ALY gaall gl t Maa e diE awd Ao ju o) il Adlaall (e
Aaliiial) Adaal) (pa AadUl Ao pad) g Agilaiy)

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_1

Kinematics Equations with Constant Acceleration

Since our particle moves in two dimension x and y with constant
acceleration then

X = Xo + Uyot + 30,2 Y = Yo + Vyot + 30, t?
but

r=x,—+yj
1 AW 1 2\ -
r= (xo + Vot +oayt )l + (yo + vyt +oayt )]
. . . . 1 . N 52
T = (Xoi + YoJ) + (Vxol + Vo) )t + S(axi +ayj)t
1
r=1,+v,t +Eat2

Aa) Y 4aid AlaY) gaad) o8 B 52 ror, Aa)Y) dade ¢ Eilied Asaall (e
Y5 at? daliiiall Alaall g A5l Aa) g vt A ds pud) co gl
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\ector representations and components of the velocity and the
position of a particle moving with a constant acceleration a.

T X
%(1}‘!2 . . n_v{ 7[
y Ty %312 al
’ Uy
¥
ok H
» Y —
) vil Uy v,
) <, X
i T
¢ x Uy al
je— X; Ul %r{xt'
Xr Uxr
_ 1 .2 _
r=T1,+v,t+;at v=v,+at
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 13

Kinematics Equations with Constant Acceleration

One Dimension

X =XU+V{JI+%GIZ Vv = v+ at

Two Dimensions

r =ru+vot+%arz vV = vy 1+ at

X = Xot+ voxt +%axt2 Vx = Vox Taxl

Vy = Voy Tayt
y == yﬂ + V(]yt +%ayt2 J 0} Y

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_4
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Quiz
[1] Which of the following objects can't be accelerating?
(&) An object moving with a constant speed;

(b) An object moving with a constant velocity;
(c) An object moving along a curve.

[2] Consider the following controls in an automobile: gas pedal,
brake, steering wheel. The controls in this list that cause an
acceleration of the car are

(a) all three controls,

(b) the gas pedal and the brake,
(c) only the brake,

(d) only the gas pedal.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 15

Example 1

A ball is projected horizontally with a velocity v, of magnitude 5m/s. Find its
position and velocity after 0.25s

Solution
The initial angle is 0. The initial vertical velocity component is therefore 0.
The horizontal velocity component equals the initial velocity and is constant.
X=V,t=5%x0.25=125m
y=-1/2gt?*=-0.306 m
The distance of the projectile is given by r=.,x2+y2=1.29m
The component of velocity are
V=V, =5m/s
vy = -g t=-2.45 m/s?

The resultant velocity is given by V= Vf +V)2, —557m/s
- (245 .
The angle 0 is given by 0 = tan — )= —-26.1
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 16
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Example 2

A particle moves in the xy plane, starting from the originatt =0
with an initial velocity having an x component of 20 m/s and a 'y
component of -15 m/s. The particle experiences an acceleration
in the x direction, given by a, = 4.0 m/s2.

(A) Determine the total velocity vector at any time.

(B) Calculate the velocity and speed of the particle att = 5.0 s
and the angle the velocity vector makes with the x axis.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 17

Solution (A)

ra.u:;.“ OF Ayl de pull Gl je (e daadl .

DA e pull XAS el o s iy (B oy | i

O O el g o g N5 A5G Alaay o

@ Alae dsa sl el ae dE (A5 Y AS R
RECVEIN < _

e N33 Ae pull 4xie O s gall KA (e Jaa3 e

e
=-15m/s, a, = 4.0 m/s?, and a, =0.

Vyi =20 m/s, vy,
v=v,+at

V= (Vg + ax)i + (vy, + ayt)j
v = (20 + 4.08)i + (—15 + 00)j
v =(20+4.0t)i — 15j

Notice that the x component of velocity increases in time while the y
component remains constant

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_8



Solution (B)

The negative sign for the angle 6 indicates that the velocity vector

sllaaal) (B (agai (A1 G55 e g pedl) A ju daa daY
v = (20 + 4.08)i — 15j
v = (20 +4.0 X 5.0)i — 15f = (40i — 15j) m/s

I U EJTSTIC TPWEN P E PN PRSI PRCEN |

vl = |2 +v,2= \(40)24(=15)2= 43 m/s

—15
0 = tan_l (ﬁ) = —210

is directed at an angle of 21° below the positive x axis.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

Problems to be solved by yourself

1.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

At t=0, a particle moving in the xy plane with constant acceleration
has a velocity of v,=3i - 2j at the origin. At t=3s, its velocity is v=9i+7j.
Find (a) the acceleration of the particle and (b) its coordinates at any
time t.

The position vector of a particles varies in time according to the
expressions r=(3i-6t%j) m. (a) Find expressions for the velocity and
acceleration as a function of time. (b) Determine the particle’s
position and velocity at t=1s.

A particle initially located at the origin has an acceleration of a = 3;j
m/s? and an initial velocity of v, = 5i m/s. Find (a) the vector position
and velocity at any time t and (b) the coordinates and speed of the
particleatt=2s.

A fish swimming horizontally has velocity v, = (4i + j) m/s at a point in
the ocean whose distance from a certain rock is r, = (10i - 4j) m. After
swimming with constant acceleration for 20.0 s, its velocity is v = (20i -
5j) m/s. (a) what are the components of the acceleration? (b) what is
the direction of the acceleration with respect to unit vector i? (c)
where is the fish at t = 25 s and in what direction is it moving?

19

20
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Projectile motion

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 21

11



7/16/2013

() e
General Physics |

Mechanics: Principles & Applications

Lecture (8): Motion Kinematics
Two-Dimensional Motion

Projectile motion

Dr. Hazem Falah Sakeek
' Al-Azhar University of Gaza

Contents of Unit 2: Mechanics

» The position vector and the displacement vector

> The average and Instantaneous velocity

» The average and Instantaneous acceleration

» One-dimensional Motion with constant acceleration

> Free Fall

> Motion in two dimensions

» Projectile motion

» Uniform Circular Motion
> Problems

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 2



7/16/2013

Projectile Motion

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 3

Projectile Motion

Projectile cildgiiall 4Sja s
G Al e A8 e motion
aS)a-‘\ <N alea Alé.gl..i a\,ﬁ d‘}u‘g (O
Al 5 4889 da)3Y) waadl b giaall
Ga il BA e Aaally de iy

ALY
— ol cal pladll b s &l )
Vo odigiia A3 Jeki Uid Ladd dilal)

sla gl cplogdl B i a8 B S

ASa aliy gl e b

Vox 13 (g sl i G Bale  gdial)
R osd o gl dir o8 Al

Al B iga dnilad)
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7/16/2013

Characteristics of Projectile Motion

Horizontal

» Motion of a ball rolling freely along a
level surface.

* Horizontal velocity is ALWAYS &
constant.

Vertical
* Motion of a freely falling object.
* Force due to gravity.

 Vertical component of velocity
changes with time.

Parabolic

« Path traced by an object accelerating
only in the vértical direction while
moving at constant horizontal
velocity.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5
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Y s ° Parabola (approximately)
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Important facts about Projectile Motion

The most important experimental fact
about projectile motion in two dimensions
is that the horizontal and vertical motions
are completely independent of each other.
This means that motion in one direction
has no effect on motion in the other
direction.

In general, the equations of constant
acceleration  developed in  previous
lectures follow separately for both the x-
direction and the y-direction. An
important difference is that the initial
velocity now has two components.

We assume that at t = 0 the projectile
leaves the origin with an initial velocity
v,. If the velocity vector makes an angle
6° with the horizontal, where 6° is called
the projection angle.

y

Vertical
fall

X

1 ‘p iectile
Y rojectile

\y Mmotion

-

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7
y
v,, = 0 at this point
. P
Ve
v, A = T
o
> - ——— s v
Vyo & VoA, '
4
N\
|
- X
0 Yy i=g
Initial conditions (t=10): x,=0,y,=0
Vyo = V,COSH, & vy, =Vsing,
Velocity as a function of time Position as a function of time
Vy =V, = V,C0s6, = constant X =V, t = (v,cos0,)t
Vy =V, - gt =v,sing, - gt Y=V t-%gt2=(vsinf)t- Y2 g t?
V= v,i+v)j T =xi+yj
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8
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Trajectory of Projectile Motion

Initial conditions (t=10): x,=0,y,=0
Vyo = Vo COSO, @and v, = v, sind,

alpha = -90 deg
Horlzontal mOtlon: X 300 peeeacananan bssssssssmas Ssssmsssssssessssnsassnsan -
X=0+v,t = t=— | I R S
xo : : :
Vertical motion: S oo oo foremeneenens
y=0+v,t-1gt? B B oo oo
2 100 << - bonenanenas banenananand e =
X g x ; ; :
2)2) E S 1
Vo) 2\Vig | | s s
g 0 100 200 300 400
y=xtanf, - ——=——x’ ]
2v,” cos” 6,
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 9
Horizontal Range and
Maximum Height of a Projectile
)
The peak point A, which has Cartesian
coordinates (R/2, h), and the point B, which has b= 0
. . ;i y®
coordinates (R, 0). The distance R is called the ® /
horizontal range of the projectile, and the Vi TR TN
distance h is its maximum height. 7 A
’ h AN
Let us find h and R mathematically in terms of ax l b
v;, 0, and g. A

?| |
\ R \
We can determine h by noting that at the peak v, = 0. Therefore, we can use the y

component of Equation below to determine the time t at which the projectile
reaches the peak:

Vyzvyo_gt t _wsing
A=
_ . g
0=v,sin 4, - gt
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 10
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To find the maximum height h we use |, (Y sin@
the equation AT T
. 1 2 150 o ;
y = (‘UOSanO)t —_ Egt " v;=50m/s

by substituting for the time t, in the 10
above equation

50
5 . 2
VpSing, | (v,sind,
-1 p

h = (v,sin6,)

x (m)

50 100 150 200 250

2 i
hz%’leo i p3hall g5 I el
g

dpial) Aae o adiny il gdiall 4S a8 cpany B & jadal) acadl 4] Juay pLE ) aadl Bad
,u'q)‘\l\Ghuuhﬁaj,\si&mJUd.uJSiJm&tJ&\chuuh Gl giaall b aule g
vy _,"'.'/ --\\\\

Earth Meon
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 11

The range R is the horizontal position of
the projectile at a time that is twice the v,@= 0
time at which it reaches its peak, that is, at @ / ’
time tg = 2t,. Using the x component of Vo = u =<,
Equation, e T N
e
X = Vot = (v,c0560,)t / f N\
4
noting that v,; = v, = v; cos 8;, and setting . 0o i \Y
Xg = R att = 2t,, we find 0| |
that " f ‘
\ Sin &
R = vty = (v,c0860,)2t, ty= :

2v,sinB, 2v,%sinb,cosH,

9
Using the identity sin26 = 2sin6 cos6, we can write R in the more compact form

R = (v,cos6,)

2 .
v,°sin26 ws e e s
R=2"—""°9 Li88) 4 gdhal) Lgadaly A Adlecal)
)
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 12



7/16/2013

Maximum Range of the Projectile

The maximum value of R from Equation is

_ v,°sin26,
9
2 i) Launch angles of 6 and
Rax = Yo 500 4 750 90° — 6 give the same range.
This result makes sense 400 £ i Maximum range
because the maximum 300 - S achieved at45%.
value of sin 26, is 1, 200 -
which occurs when
26, = 90°. 100y 15\
Th f R - 0 I I 1 I I X (m)
erefore, =15 a 0\ 200 400 600 800 1000
maximum when
9, = 45°. v, = 99 m/s
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_3
Example 1

A long-jumper leaves the ground at an angle of 20° to the
horizontal and at a speed of 11 m/s. (a) How far does he jump?
(b) The maximum height reached?

(o Aaddinial) 48y Jlally JUiall 138 Jag p ghin f
éﬁué&\, GN‘J&WJ‘(;"E‘ P (A
Crtlalaal) 8 s Gl gailly Jad) (s

v,2sin?6,

= 29

_ v,2sin26,
9

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 14



Solution

(a) How far does he jump?
X = (Vycos0,)t = (11 x c0s20) t

x can be found if tis known, from
the equation
Vy = Vesing , - gt
0 = 11sin20-9.8t,
t,=0.384s
where t, is the time required to
reach the top then t = 2t;

7/16/2013

(b) The maximum height reached?

The maximum height reached is
found using the value of t;=0.384s

Ymax = (Vos‘ine o)tl - 1/29 tl2

Yoax = 0.722'M

t=0.768s
therefore
X=7.94m
Alda " v,2sin?6, (11)%(sin20)>?
. v,2sin26, _ (11)2sin2(20) 29 2098
g B 9.8
R=794m h=0.722m
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 15
Example 2
10m/s

An object is thrown horizontally with
a velocity of 10m/s from the top of a
20m high building as shown in the 2_];
Figure. Where does the object strike i

the ground?

Solution

Consider the vertical motion: v,, =0, a, = 9.8 m/s?, y =20 m, Then

Y=V -12gt

t=2.02s

Consider the horizontal motion: v,, =v, =10 m/s

X =V, t

x=20.2m

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_6
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Example 3

10m/s

Suppose that in the example above
the object had been thrown
upward at an angle of 37° to the
horizontal with a velocity of 10m/s.
Where would it land?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 17

EXAMPLE 4 10ms

Solution

Consider the vertical motion
Vyo = 6 m/s
a, =-9.8m/s? y = 20m

To find the time of flight we can use
y=v,t- %gt

since we take the top of the building is the origin the we substitute for

y =-20m
-20=61t-%9.81
t=2.73s

Consider the horizontal motion
Vy = Voo = 8M/s

Then the value of x is given by
X=Vv,t=22m

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_8
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EXAMPLE 4

In the Figure shown below where will the ball hit the wall

20m/s
12m/s
37‘1
l16m/s
[« 32m >
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 19
Solution %
%
We have 20mls %
%
Vi =V, = 16m/s and X = 32m oy %
Then the time of flight is given by 37 Z
X =vt 16m/s %
(2o e 32m N
=25

To find the vertical height after 2s we use the relation
Y=V t- Yagt?
Where v, = 12m/s, t=2s
y=4.4m
Since y is positive value, therefore the ball hit the wall at 4.4m from the ground.

To determine whether the ball is going up of down we estimate the velocity and
from its direction we can know

Vy =V, - gt
vy = -7.6m/s
Since the final velocity is negative then the ball must be going down.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 20
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Example 5

A ball is thrown horizontally from the top of a building 35 m high.
The ball strikes the ground at a point 80 m from the base of the
building. Find

(a) thetime the ball is in flight,

(b) its initial velocity, and

(c) the x and y components velocity just before the ball strikes the

ground.
y
|
35m
~ 80m .
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 21
Solution

X,=0, Y,=35m, V,.,=V,, a,=0, Vy,,=0, a,=9.8m/s?
when the ball reaches the ground, x =80m and y =0
(a) To find the time it takes to reach the ground,
Y=YotVyt- ¥2a,12=35-49t2=0
thus y
t=2.67s P
(b) The initial velocity T U0

35m
using X = XtV t=v,t  with t=2.67s

80 =v,(2.67) T
V,=29.9m/s ) som ’

(c) The components of velocity just before the ball strikes the ground.
Vy = Vo= 29.9 m/s
Vy=Vy,-gt=0-9.8(2.67)=-26.2m/s

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 22
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Problems to be solved by yourself

1. A student stands at the edge of a cliff and throws a stone
horizontally over the edge with speed of 18m/s. The cliff
is 50m above the ground. How long after being released
does the stone strike the beach below the cliff? With what
speed and angle of impact does it land?

2. A football kicked at an angle of 50° to the horizontal,
travels a horizontal distance of 20m before hitting the
ground. Find (a) the initial speed of the football, (b) the
time it is in the air, and (c) the maximum height it reaches.

3. Aprojectile is fired in such a way that its horizontal range
is equal to three times its maximum height. What is the
angle of projection?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 23
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Uniform Circular Motion
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Circular Motion

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

Circular Motion Terms

The point or line that is the center of
the circle is the axis of rotation.
-
P

If the axis of rotation is inside the

object, the object is rotating S
(spinning). r
/
\
If the axis of rotation is outside the -
object, the object is revolving. %\:\

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org
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. . . S
Circular motion =
At constant speed v /
Uniform circular motion \ T~
x"‘«.,_____f_d’/ ‘rj
Uniform circular motion
/ .
Constant speed, or, Motion along a circle:
constant magnitude of velocity Changing direction of velocity

It is often surprising to students to find that even though an object moves at
a constant speed in a circular path, it still has an acceleration.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

Circular Motion
. 4 - o < x .
The instantaneous velocity v is ‘f*’m .JL“:‘ e ‘J‘“ X ,\ o
parallel to the circle at all points. i J‘h“w = -Conftant Spee‘j“‘\"fl" 4"«“‘“
H ‘_ Aldg o) jhua o glud Alad) oda & Alaal) o) oY)
Ty Alas aagi 1A g i e o d Ay
o Uaadly daia aas de ) 0f alad gad dlld
o) Jama (g gl LY Aatia dgaS oo B e
38 de yul) A ) g il dpilly Ao pud) B
g a A PR ! gﬁj\ MRl A s
A5 Y Aaal) (8 aliila 5 4 s o aal)
sa.c\)uﬂ al@ﬁ‘@*ﬁﬁbﬁ!lﬁﬂ\j&uﬁﬁ
The instantaneous G e glo daly awadl OB 1agls
. > . MR L

acceleration d is , AL As jun g
directed toward the dial Jo Lages Wil deudl dpda 058
ccntc]: of the circle at S Al Ay aie (ulaall olpdl gl
all points. LA Jlaal)
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Magnitude of the Acceleration of the Particle

Magnitude:
v V.-V
AF=F, - T, gV _YiY
At At
AV Ar VAr
—=— 580, Av=—r
% r r
AV Arv v
t Atr r 4
\
V2
d. =—  Centripetal Acceleration

Direction: Centripetal .
An acceleration of this nature is called a centripetal acceleration
(centripetal means center-seeking). The subscript on the acceleration
symbol reminds us that the acceleration is centripetal.

r. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7
EXAMPLE 1 ,
-
| y 4
The Effect of Radius on o i
Centripetal Acceleration /,,:f,___\
V & : A%
The race track contains turns ?/’/ "=33'"/ \
with radii of 33 m and 24 m. \ i
Find the centripetal acceleration Q\ ¥
at each turn for a speed of .
34 mis. N
Express answers as multiples of aama N
g=9.8m/s? / h
\ \,/=24m //'



7/23/2013

Solution
V2
a =—
"
2
a _Bams) _ 35m/s® =3.6g
33m
2
a, _B4m/s) =48m/s® =4.9¢
24m

Period of Uniform Circular Motion

In many situations, it is convenient to describe the motion of a
particle moving with constant speed in a circle of radius r in
terms of the period T, which is defined as the time interval
required for one complete revolution of the particle.

In the time interval T, the particle moves a distance of 2xr,
which is equal to the circumference of the particle’s circular
path. Therefore, because its speed is equal to the
circumference of the circular path divided by the period, or

2ntr . PEre v
vV = —, it follows that /’ g™
T i ax
4 \
/ \
4 \
L |
21T /
— \ /
— \ Vs
v o, 3"
22X
N il
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 10
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Summary Uniform Circular Motion

Velocity:

* Magnitude: constant v 5
* The direction of the velocity is ¢

tangent to the circle
Acceleration: 2/ \]g
N
\

2
« Magnitude: a, = UT = T

« directed toward the center of the /a]
circle of motion

Period: \
4
* time interval required for one

complete revolution of the particle
2nr

T ="

v

<

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 11

Example 2

A particle moves in a circular path 0.4m in radius with
constant speed. If the particle makes five revolution in each
second of its motion, find (a) the speed of the particle and (b)
its acceleration.

Solution

(a) Since r=0.4m, the particle travels a distance Of 2zr = 2.51m
in each revolution. Therefore, it travels a distance of 12.6m in
each second (since it makes 5 rev. in the second).

v=12.6 m/s
2 2
v (12.6) 2
b a.=—= =397 m/s
(b) ¢ r 0.4 /
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_2
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Example 3

What is the centripetal acceleration of
the Earth as it moves in its orbit
around the Sun? (the radius of the
Earth’s orbit around the Sun, which is
1.496 x 101 m).

Jrth

Solution ,
27r
v2 _ 2mr B (_T ) Y 412r?
Q== V=T = G =T T = AT
422
a. = 2

a;

_ 47 *(1.496 x 10" m)( 1yr

2
= 593 X 10 % m/s?
(1yr)2 3.156 X 107s> ’ m/s

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 13

Non-uniform Circular Motion

Pagp, of Obfect

If an object is moving
in a circular path but
at varying speeds, it
must have a tangential
component to its
acceleration as well as ~_ s
the radial one.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 14



Tangential and Radial Acceleration

A particle moves to the right along a curved path, and its
velocity changes both in direction and in magnitude as
described in the Figure.

The velocity vector is always tangent to the path; the
acceleration vector @, however, is at some angle to the
path. At each of three points A, B, and C in the Figure,
the dashed blue circles represent the curvature of the
actual path at each point. The radius of each circle is
equal to the path’s radius of curvature at each point.

o Path of
P T particle g,
N

s ——=
/ \ f E
/ ~~
/ \ //7/\ - N ‘:\\\
\ A\ RS
Ay b \ \\©
s L.
e | ! - " ”r/ &
4 N
\ ! ¢
\ / N N
N s
\ / AN
N y; Y- \
N —
~ // a |

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

As the particle moves along the curved path, -

the direction of the total acceleration vector d ’
changes from point to point. At any instant, this /
vector can be resolved into two components "
based on an origin at the center of the dashed
circle corresponding to that instant: a radial
component a, along the radius of the circle and
a tangential component a; perpendicular to this
radius. The total acceleration vector @ can
be written as the vector sum of the
component vectors:

d=d,+d, Total acceleration

15

The tangential acceleration component causes a change in the
speed v of the particle. This component is parallel to the

instantaneous velocity, and its magnitude is given by
dv

dt

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

ar = Tangential acceleration

16
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The radial acceleration component arises from a change in direction of the
velocity vector and is given by

2

v , .
a, = —a, = — — Radial acceleration
r

The negative sign indicates that the direction of the centripetal acceleration is
toward the center of the circle representing the radius of curvature.

Magnitude of vector @

a=+a?+ a;?

The direction of d, is either in the same direction as ¥ (if v is increasing) or
opposite ¥ (if v is decreasing, as at point ).

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 17

Quiz

(1) A particle moves in a circular path of radius r with speed v. It then
increases its speed to 2v while traveling along the same circular path.

(i) The centripetal acceleration of the particle has changed by what factor?
Choose one: (a) 0.25 (b) 0.5 (c) 2 (d) 4 (e) impossible to determine

(i) From the same choices, by what factor has the period of the particle
changed?

(2) A particle moves along a path, and its speed increases with time.

(i) In which of the following cases are its acceleration and velocity vectors
parallel?

(a) when the path is circular (b) when the path is straight (c) when the path
is a parabola (d) never

(if) From the same choices, in which case are its acceleration and velocity
vectors perpendicular everywhere along the path?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_8
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Example 4

A car leaves a stop sign and exhibits a constant acceleration of 0.300 m/s?
parallel to the roadway. The car passes over a rise in the roadway such
that the top of the rise is shaped like a circle of radius 500 m. At the
moment the car is at the top of the rise, its velocity vector is horizontal and
has a magnitude of 6.00 m/s. What are the magnitude and direction of the
total acceleration vector for the car at this instant?

a; = 0.300 m/s?

d?
v=6.00 m/s

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 19

Solution

v = 6.00 m/s and r = 500 m. The radial acceleration vector is directed
straight downward, and the tangential acceleration vector has magnitude
0.300 m/s? and is horizontal.

the radial acceleration

2 6.00 z
P L CLUL.T0) M
r 500 m

magnitude of acceleration
Va2 + a2 =V (-0.0720m/s2)? + (0.300 m/s2)?
= 0.309 m/s?

Direction of acceleration

1 & _f —0.0720 m/s’
é=tan —=tan | —————— | = —13.5°
(7 0.300 m/s

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 20
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Example 5

A train slows down as it rounds a sharp horizontal turn, slowing from
90km/h to 50km/h in the 15s that it takes to start to round the bend. The
radius of the curve is 150m. Compute the acceleration at the train.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 21

Solution

1SS m/s Basg A km/h 83a g ¢ Ae puadl Jagad g

50km/h = (50@)[103 EJ(LJ —13.89m/s
h km \ 3600s

90km/h=[9okm)(1o3 m ]( th j:25m/s
h km A\ 3600s 50 km/h

2
a = 13891 soms
r 150

_Av_13.89-25

=2V =-0.741m/s?
At 15

a=1/a’+a’ =/(1.29)° + (~-0.741)’ =1.48m/s>

tan | 12l | — gan 1 O741)_ 5 g0
la, | 1.29

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 22
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Problems to be solved by yourself

1. Find the acceleration of a particle moving with a constant
speed of 8 m/sin a circle 2 m in radius.

2. The speed of a particle moving in a circle 2 m in radius
increases at the constant rate of 3 m/s?. At some instant, the
magnitude of the total acceleration is 5 m/s?. At this instant
find (a) the centripetal acceleration of the particle and (b) its
speed.

3. Astudent swings a ball attached to the end of a string 0.6 m in
length in a vertical circle. The speed of the ball is 4.3 m/s at its
highest point and 6.5 m/s at its lowest point. Find the
acceleration of the ball at (a) its highest point and (b) its lowest
point.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 23
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Discussion
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The Concept of Force

% The word force refers to an interaction with an object by means
of muscular activity and some change in the object’s velocity.

« Forces do not always cause motion, however. For example,
when you are sitting, a gravitational force acts on your body and
yet you remain stationary.

Contact forces

M M

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 4



Fundamental Forces in Nature

Gravitational
forces

Electromagnetic
forces

Types of force

Weak forces

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

The Vector Nature of Force

— -
When F; and Fy
are applied
together in the

A dow_r)lward A dowgward same direction, When f] is downward and ﬁg
force Fy force Fy the spring is horizontal, the combination
elongates the elongates the elongates by of the two forces elongates the
spring 1.00 cm. spring 2.00 cm. 3.00 cm. spring by 2.24 cm.

v - h 4 v

=
F,
0 |
N |
FY___ ™. !

( F

T .,
| =2 -

B |F;| = VE? + E? = 2.24 units,

3\ ﬁQ F, - = _ N R

P = tan ! (—0.500) = —26.6

2
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6
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Newton's Laws of Motion

Newton's first law
‘ The law of equilibrium

Newton's second law

Newton's Laws __‘ The law of acceleration

Newton's third law
‘The law of action-reaction

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7

Newton’'s First Law

Newton's first law, the law of equilibrium, states that an object at
rest will remain at rest and an object in motion will remain in
motion with a constant velocity unless acted on by a net external
force.

= The net force (total force, resultant force or
> F=0 h
unbalanced force) on an object is equal to zero.

4 when no force acts on an object, the ,'
acceleration of the object is zero. i ‘

Q From the first law, we conclude that any isolated 7 =~ =
object is either at rest or moving with constant f>‘ :
velocity. _—

U The tendency of an object to resist any attempt
to change its velocity is called inertia.

0 We can define force as that which causes a g ,_,,f{
change in motion of an object.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8
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Newton's Second Law

Newton's second law, the law of acceleration, states that the
acceleration of an object is directly proportional to the net force
acting on it and inversely proportional to its mass.

> F=ma
where m is the mass of the body and a is the acceleration of the body

The net force (total force, resultant force or unbalanced force) on
an object is the vector sum of all forces acting on the object.

Then the unit of the force is (Kg.m/s?) which is called Newton (N)
Components of force

D> F, =ma, > F,=ma, > F, =ma,

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 9
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Example 1

A hockey puck having a mass of 0.30
kg slides on the frictionless,
horizontal surface of an ice rink. Two
hockey sticks strike the puck
simultaneously, exerting the forces on
the puck shown in the Figure. The
force F, has a magnitude of 5.0 N,
and the force F, has a magnitude of
8.0 N.

Determine both the magnitude and
the direction of the puck’s
acceleration.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

Solution
3 F, = F,+ F, = F cos (—20°) + F, cos 60°
= (5.0 N)(0.940) + (8.0 N)(0.500) = 8.7 N
M E = F, + Fy, = Fsin (=20°) + Fsin 60°
= (5.0 N)(—0.342) + (8.0N)(0.866) = 5.2 N

> FE 87N ,
(LX—T—WkngQm/S
>EF 52N

_ > _ 2 _ 2
a=— 030 kg 17m/s (C

a= \/(29 m/s?)? + (17m/s%)? = 34 m/s?

a, 17
f = tan~! (;j) = tan”! (2—(;> = 31°

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org
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Newton's Third Law

Newton's third law, the law of action-reaction, states that when two
bodies interact, the force which body "A" exerts on body "B" (the
action force) is equal in magnitude and opposite in direction to the
force which body "B" exerts on body "A" (the reaction force).

IElZ - Ile aN i
Ml e
.@W\MMJJY\W|L€%)§@&J\B‘9& Y Sl
B
¥ .
Fis =—F,
N B
¥ i o
. L ]
B
B
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 13

Force Diagram, Free-body Diagram

n= FLm
— f A
— n =
An=F,, tm
A
I e
® — =
) I Fg = FI-|"m|
Fo ¥
v F’rr = f!l-‘,m F:r; - F’Em le",

Force acting on the monitor,
one acting on the table, and
one acting on the Earth.

forces acting on one

free-body diagram object (the monitor)
When analyzing an object subject to forces, we are interested in the net
force acting on one object, which we will model as a particle. Therefore, a
free-body diagram helps us isolate only those forces on the object and
eliminate the other forces from our analysis.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 14
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Particular Forces

Gravitational Force

Tension Force

Normal Force

Spring Force

Particular Forces

Friction Force

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 15

Gravitational Force and Weight

All objects are attracted to the Earth. The attractive force exerted by the
Earth on an object is called the gravitational force F,. This force is

directed toward the center of the Earth, and its magnitude is called the
weight of the object.

We saw in previous lecture that a freely falling object experiences an
acceleration g acting toward the center of the Earth. Applying Newton’s
second law ¥ F = md to a freely falling object of mass m, with @ = g
and L F = F,

Fy =mg

Therefore, the weight of an object, being defined as the magnitude of
E,, is equal to mg:

Fg=mg=W

Because it depends on g, weight varies with geographic location.
Because g decreases with increasing distance from the center of the
Earth, objects weigh less at higher altitudes than at sea level.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 16
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Tension Force

Al 3 Lo Jiall A e asaldl o 5 figall B8l Q{édp&u\ﬁﬂwﬁs
QA Bh (e Adlida jga JSAN B By N ddaagy T St W 3eams Tension
Sl e Wyl Ak g

A\ |

D F,=ma, > F =ma,
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General Problem solving Strategy

1. Conceptualize. Draw a simple diagram of the system. The diagram
helps establish the mental representation. Establish convenient coordinate
axes for each object in the system.

2. Categorize. If an acceleration component for an object is zero, the
object is modeled as a particle in equilibrium in this direction and o
Y F = 0. If not, the object is modeled as a particle under a net force in this
direction and o Y, F = ma.

3. Analyze. Isolate the object whose motion is being analyzed. Draw a
free-body diagram for this object. For systems containing more than one
object, draw separate free-body diagrams for each object. Do not include
in the free-body diagram forces exerted by the object on its surroundings.

4. Find the components of the forces along the coordinate axes. Apply the
appropriate model from the Categorize step for each direction. Check your
dimensions to make sure that all terms have units of force.

5. Solve the component equations for the unknowns. Remember that you
generally must have as many independent equations as you have
unknowns to obtain a complete solution.

6. Finalize. Make sure your results are consistent with the free-body
diagram. Also check the predictions of your solutions for extreme values of
the variables.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 18



7/25/2013

S

Jaaal) 5 yalaall

Analysis Models Using
Newton’s Second Law
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The Particle in Equilibrium

If the acceleration of an object is zero, the object is
treated with the particle in equilibrium model. In this
model, the net force on the object is zero:

YF=0
The forces acting on the lamp are the downward
gravitational force F,

The upward force T exerted by the chain.

T
YF,=0 & YF,=0
YF,=T—F,=0 "
w
g
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 3

The Particle Under a Net Force

If an object experiences an acceleration, its motion
can be analyzed with the particle under a net
force model. Ei

Y F =md { fg
The horizontal force T being applied to the crate — L

acts through the rope.

3

The vertical forces are the gravitational force Fg

sf(t
and the normal force 7. Az
e danillly ) sma |
Y. F,=ma, > T =ma, - ax=1 —> T X

-

é&&)@h};y@X))Mn&\ét‘)u«ﬂu\J\Mhy
m

YF,=ma,->n—F;=0 >n=F,

the normal force has the same magnitude as the
gravitational force but acts in the opposite Y F
direction. g

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 4
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Example 1

An electron of mass 9.1x10-3! kg has an initial speed of 3.0x10°
m/s. It travels in a straight line, and its speed increases to 7.0x10°
m/s in a distance of 5.0cm. Assuming its acceleration is constant,

(a) determine the force on the electron and

(b) compare this force with the weight of the electron, which we

neglected.
V,=3.0x10° m/s v=7.0x10% m/s
5cm
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5
Solution

Mqéaﬁﬂ\w\ﬁwdﬁwé\hj@})&?‘%ﬂ)ﬂﬁéﬂ\&)ﬂ‘wgmuﬂG\:\AJ
Addaal) (e calfina ad o & aty 9 S Y aal g
2_p2
2 2 v
v2=v,2+2a(x—x,) = a= x

A (8 g ¢y 9B adiiaad 09 SIS e B isal) 3R Glad ()

v

F = ma
2 2
mv-—v
F = (—") =3.6x 107 18N
2x
Tl Alsay £ el (i (gl ga A (5 8 0538 0830 (1 SN 13 laaad ()

Aua Y

W=mg=(9.1x 1031 kg) (9.8 m/s?) = 8.9 x 10°°N

The accelerating force is approximately 10 times the weight of the electron.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6
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Example 2

A traffic light weighing 122 N hangs from
a cable tied to two other cables fastened
to a support as in the Figure. The upper
cables make angles of 37.0° and 53.0°
with the horizontal. These upper cables
are not as strong as the vertical cable
and will break if the tension in them
exceeds 100 N.

Does the traffic light remain hanging
in this situation, or will one of the
cables break?

Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

Solution

We construct a diagram of the forces acting on the traffic light, and a
free-body diagram for the knot that holds the three cables together

I3
a

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org
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Apply Newton’s second law for the traffic light in the y direction:
DE=051—F=0
I3=F,=122N

Resolve the forces acting on the knot into their components:

Force x Component y Component
T, ~T; cos 37.0° T, sin 37.0°
T, 1, cos 53.0° 7, sin 53.0°
T, 0 ~122N

Apply Newton’s second law to the knot:

E .= -1 cos 37.0° + 15 c0853.0° =0 (1)

2 Iy = 1 sin 87.0° + T55in 53.0° + (122 N) = 0 (2)

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 9

Solve Equation (1) for T, in terms of T;:

=1} cos 37.0° + 15 cos 53.0° = 0

s 37.0°
T, = TI(LS ! ) = 1337,

cos h3.0°
Substitute this value for T, into Equation (2):

17 sin 37.0° + 15 sin 53.0° + (=122 N) =0

T, sin 37.0° + (1.337})(sin 53.0°) — 122N = 0
T, = 134N
T, = 1.337; = 974 N

Both values are less than 100 N, so the cables will not break.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_O
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Example 3

A car of mass m is on an icy
driveway inclined at an angle 0 as
in the Figure.

(A) Find the acceleration of the car,
assuming the driveway is frictionless.

(B) Suppose the car is released from rest at the top of the incline and
the distance from the car’s front bumper to the bottom of the incline is d.
How long does it take the front bumper to reach the bottom of the hill,
and what is the car’s speed as it arrives there?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_1

Solution

(A) Find the acceleration
La ) i) Aae Ll cad Aad) oda B 5 ) & o
(A (g (g Gakaly
YF=md
Las il sal free-body diagram hbda Jlo g8l Julady
O JSA) (B s
> F, = ma, & YF,=ma,=0

E F,= mgsin 0 = ma, (1)
> Iy=mn—mgcos@=0 (2)
a,= gsinf (3)
Note: that the acceleration component a, is

independent of the mass of the car! It depends only
on the angle of inclination and on g.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_2
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Solution

(B) How long does it take the front bumper to reach the bottom of
the hill, and what is the car’s speed as it arrives there?

Equation (3) shows that the acceleration ax is constant. @, = gsin 6
x; = 0 and its final position as x; = d, and v; = 0,

1
Xp= X; T Uyt + gaxtQ d = Sa.t*

. [2d [ 2d
' ay gsin @
v = 2a,d vy = VZ2a,d= "V2gdsinf

Note: the time t at which the car reaches the bottom and its final speed v, are
independent of the car’s mass, as was its acceleration.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 13

Example 4

Two blocks having masses of 2 kg and 3 kg are in contact on a
fixed smooth inclined plane as shown in the Figure.

Treating the two blocks as a composite system, calculate the force
F that will accelerate the blocks up the incline with acceleration of
2m/s?,

Vs
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Solution

We can replace the two blocks by
an equivalent 5 kg block.
2m/S2 g iy & it AU adai Al 568 oy N
O Eag Y g X usna e LEhs e ) s g8l Jlad F
ARy s o gl 2253 Y 4
N =mg cos(37°)

mg sin37
X 5 e 37 \_mg cos37
=F- i 0) =
2F=F-mg sin (37°) =ma mg
F — 5%0.8%(0.6) = 5*2
F=394N
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 15

Example 5

The parachute on arace car of weight 8820N opens at the end of a
guarter-mile run when the car is travelling at 55 m/s. What is the
total retarding force required to stop the car in a distance of 1000
m in the event of a brake failure?

Solution
W =8820 N, g =9.8 m/s?, v, =55m/s, vy =0, X; - X, = 1000 m
v 900k
m=—= g
9

Ve2 = v 2 + 2a(X - X,),
0 = 552 + 2a(1000), giving a=-1.51 m/s?
YF =ma= (900 kg) (-1.51 m/s?) = -1.36 x 103N

The minus sign means that the force is a retarding force.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_6
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Example 6

Two masses of 3 kg and 5 kg are connected
by a light string that passes over a smooth
pulley as shown in the Figure.

Determine
(a) thetension in the string,
(b) the acceleration of each mass, and

(c) the distance each mass moves in the

+
first second of motion if they start from iy
rest. o

+

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 17

Solution
(@ m,a=T-mg 1) a
ma=mg- T @ I ™
Add (1) and (2)
(my+my)a=(m,-m)g )

m,-m  5-3 g 4

A m+m)y  (5+3)(98)
(b) T=m, (g-a)=5(9.80-2.45)=36.6 N
m@'

=2.45m/s’ mg

(c) Substitute a into (1)
2mm, g
m, +n,

(vo = 0),

T=m(a+g)= a

at?

5= —
2

. (2.45)(1%)

Att=1s, =1.23m

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_8
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Example 7

Two blocks connected by a light rope are being dragged by a
horizontal force F as shown in the Figure. Suppose that F =50 N,
m, = 10 kg, m, = 20 kg,

(a) Draw a free-body diagram for each block.

(b) Determine the tension, T, and the acceleration of the system.

T
mg T

G

my

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 19
Ny
Solution T T
I T T F

| !

mg m»g
F(m)=T=m,a >F(m,)=50-T=m,a
2F,(my)=N;-m;g=0 2F,(my) =N, -m,g =0
T=10a, 50-T=20a
Adding the expression above gives

50 =30 a,

a= 1.66 m/s?

T=16.6N

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 20
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A person weighs a fish of mass m on a spring scale attached to the ceiling
of an elevator as illustrated in the Figure.

(A) Show that if the
elevator accelerates either
upward or downward, the
spring scale gives a
reading that is different
from the weight of the fish.

(B) Evaluate the scale
readings for a 40.0-N fish
if the elevator moves with
an acceleration ay +2.00
m/s2.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

Solution

2

2

21

Al Ao pun djady Ladie ) (g8 Ala B draall 68 Lasie

If the elevator is either at rest or moving at constant velocity, the fish is
a particle in equilibrium, so

T
SFE=T—-F =0
) Y
1T=F,=mg
Remember that the scalar mg is the weight of the fish.
mg
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 22
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£ Sy maal) & oy Ladis

Now suppose the elevator is moving with an acceleration d relative to
an observer standing outside the elevator in an inertial frame. The fish
is now a particle under a net force.

Apply Newton’s second law to the fish:
> B =1T- mg= ma,

For upward acceleration g :ﬁ For downward acceleration ;F\

T =mg+ ma, I | T =mg —ma, l
2 A
éz a \é
G T Al A<l o3y M i G T el dsed ¢l Ju E
oY ) maal) gl Al JEaY) ) sl g s Al
 / |
mg mg
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(B) Evaluate the scale readings for a 40.0-N fish if the T
elevator moves with an acceleration ay +2.00 m/s2. a |
Evaluate the scale reading from Equation (1) if a is upward: l él
- [ 2.00 m/s* o
7= (40.0N) ——— 5+ 1]= 482N
9.80 m/s !
I?lg
T
Evaluate the scale reading from Equation (1) if a is A
downward: l
. —2.00 m/s? A
T = (40.0 N)(i9 o l) = 318N a E
9.80 m/s" A
A
)Ilg
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 24
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Problems to be solved by yourself

(1) Two blocks of mass 2kg and 7kg are
connected by a light string that passes over a ke
frictionless pulley as shown in. The inclines

are smooth. Find (a) the acceleration of each d

block and (b) the tension in the string. Y

(2) An object of mass m;=5kg placed on a frictionless,
horizontal table is connected to a string that passes over a
pulley and then is fastened to a hanging object of mass
m,=9kg. (a) Draw free-body diagrams of both objects. Find
(b) the magnitude of the acceleration of the objects and (c)

my

the tension in the string. e
(3) A 72-kg man stands on a spring scale in an elevator starting from rest, the
elevator ascends, attaining it maximum velocity of 1.2 m/s in 0.8 s. It travels
wit this constant velocity for the next 5.0 s. The elevator then undergoes a
uniform negative acceleration for 1.5s and comes to rest. What does the spring
scale register (a) before the elevator starts to move (b) during the first 0.8s? (c)
while the elevator is travelling at constant velocity? (d) during the negative
acceleration period?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 25
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Force of friction
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Force of Friction

A ) o) (use Laila 568 oa oladily f Ja il Wl Same force of friction diiay) &4
A i) ) Apdd oo 43l A

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 3

Force of Friction

U When an object is in motion on a surface or through a
viscous medium, there will be a resistance to the motion.
This resistance is called the force of friction

U This is due to the interactions between the object and its
environment

U We will be concerned with two types of frictional force
UForce of static friction: f
UForce of kinetic friction: f,

U Direction: opposite the direction of the intended motion

dIf moving: in direction opposite the velocity

QlIf stationary: in direction of the vector sum of other forces

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 4
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No motion

{a)

Constant

velocity

141

pladdl liaY) 368 o) Ba gl Alaadl Gl e
L AS jaial) aluadl dliay) § 68 cha ys) AdSlud)

static friction s d<iay)
kinetic friction S d<iay)

(ed)

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

Static Friction

Static friction acts to keep
the object from moving

If F increases, so does f,
If F decreases, so does f,

fosueN

K Coefficient of static
friction

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6



7/30/2013

Kinetic Friction

The force of kinetic
friction f, acts when the
object is in motion

=N

K, Coefficient of kinetic
friction

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7

Explore Forces of Friction

Vary the applied force

Note the value of the
frictional force

Note what happens
when the can starts to
move

Laild (88 Sual disia¥) Jalaa ‘
oSl AAY) Jalsa o S T
Bda g Al Gl KA Jalaa g

Ji= Hn

F

]
|«— Static region —>«— Kinetic region—»
8
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Summary

I 1
Kinetic of friction
I I

Aial) Jalra o n &a
u, <Coefficient of static friction ad (4 sSud) disiay) Al 3 0
.Coefficient of kinetic friction, p, ceud Soal) dlsiay) s 2 0

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 9

Evaluation of the Force of Friction
N

Case (1) when a body slides on a
horizontal surface

F
fu=mN £ L

Since N =mg
fi = wemg

Case (2) when a body slides on an
inclined surface

fk=mN
Since N =mg cos6
f, = w mg coso

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 10
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Example 1

Suppose a block with a /
mass of 250 kg is /

/
/

resting on a ramp. If the . W
coefficient of static
friction between the Y 1z 5in 6

block and ramp is 0.350, mgmswg b

what maximum angle /\ 9/

can the ramp make with .
the horizontal before the / mg g
block starts to slip

down?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_]_

Solution /

Newton 2nd law:

W mgsin 0
R

> F,=mgsin6-u,N =0
Z FV =N- mg Cos 0=0 mg cos 0’,;;,’;‘/;;/ A
)~
] i?i'// 9/
Then N =mgcos & g e

D F, =mgsind—umgcosd =0
mgsin @ = p mg cosd
tan @ = u, =0.350
6 =tan(0.350) =19.3°

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_2
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Example 2
A 3kg block starts from rest at the top of 30° incline and slides
a distance of 2m down the incline in 1.5s.
Find (a) the acceleration of the block,
(b) the coefficient of kinetic friction between the block and the plane,
(c) the friction force acting on the block, and
(d) the speed of the block after it has slid 2m.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 13
Solution
Given m = 3Kg, 0 = 30°, X =2m, t=1.5s
x=1ar = 2=1g(15?2 = a=1.78m/s?
2 2

mg sin30 - f = ma = f=m(gsin30-a) = f =9.37N

¥y

N -mg cos30 =0 = N = mg cos30
f=9.37N

f
=, =0.368

V2 =V, 2 + 2a (X-X,)
V2 =0+ 2(1.78)(2) = 7.11m?%s2
vV =2.67m/s

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_4
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Example 3

Two blocks are connected by a light string over a
frictionless pulley as shown in Figure. The
coefficient of sliding friction between m,; and the
surface is p. Find the acceleration of the two
blocks and the tension in the string.

Solution
N
> T
T »
f my ———
o |
m;g
m;g
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 15
Consider the motion of m;. Since its
motion to the right, then T>f. If T were
less than f, the blocks would remain
stationary. N
YF.(onm)=T-f=mja ——
2F,(onm;)=N-m;g=0 T
N=m,g 7. m; —»

Since f=nN,
f=pmyg

m;g
Then

T-pmg=m,a
T=ma+pumg
T=my(a+pg) (1)
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_6
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For m,, the motion is downward, therefore m,g>T. Note
that T is uniform through the rope. That is the force
which acts on the right is also the force which keeps m,
from free falling. The equation of motion for m, is:
2F,(onmy) =T -myg=-m,a

T=myg-a) (2

T=my(atpg) (1) @D
Equating equation (1) and (2)
my(a+pg) = my(g-a)

"
a= M g myg
m, +m,

The tension T is

T m{l— m, _,Umljg ‘ T = mm, 1+ )9

m, +m, m, +m,

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 17

Example 4

A Dblock of mass m; on a rough, horizontal surface is
connected to a ball of mass m, by a lightweight cord over a
lightweight, frictionless pulley as shown in figure. A force of
magnitude F at an angle 8 with the horizontal is applied to the
block as shown and the block slides to the right. The
coefficient of kinetic friction between the block and surface is
M. Find the magnitude of acceleration of the two objects.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_8
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a ——) .
Form;: Y F,=Fcosd-f -T=ma W L
— n F
> F,=N+Fsind-mg=0 . e
N=mg—Fsin@ };" F cos §
Form,: > F,=T-mg=m,a
m JE
T=m,(a+0Q)
fi =N = 14, (Mg —Fsin ) T
Fcosd—p (mg—-Fsind)—m,(a+g)=ma
F(cos @+ y, sin@)—(m, + x,m;)g 3 Ia
a= mog
m, +m, 4
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 19

Example 5

A cart is loaded with bricks has a total mass of 18kg and is pulled at
constant speed by a rope. The rope is inclined at 20° above the horizontal
and the cart moves on a horizontal plane. The coefficient of kinetic
friction between the ground and the cart is 0.5

What is the tension in the rope? When the cart is moved 20m.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 20

10



7/30/2013

SOLUTION ‘

Tcosf-f=0 1)
f
N+ Tsind-mg=0 @) — . o
f=uN=p(mg - Tsind) (3) mgl»[
Substitute (3) in (1)
Tcos@- u(mg - Tsind) =0
AT=—tM9  _794N
cosé@+ usin @
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 21

EXAMPLE

A coin is placed 30cm from the centre of a rotating,
horizontal turntable. The coin is observed to slip
when its speed is 50cm/s. What is the coefficient of
static friction between the coin and the turntable?

Solution
N=m
° N
e dasiF=ma Sl g 58 Gadaiy f
V2
f=ma=m—
r
. m
Since f=p N =p . mg s
2 2
\" Vv
umg=m— ) u =—=0.085
r rg
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 22
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Problems to be solved by yourself

1. A 25kg block is initially at rest on a rough, horizontal surface. A
horizontal force of 75N is required to set the block in motion. After it
is in motion, a horizontal force of 60N is required to keep the block
moving with constant speed. Find the coefficient of static and kinetic
friction from this information.

2. The coefficient of static friction between a 5kg block and horizontal
surface is 0.4. What is the maximum horizontal force that can be
applied to the block before it slips?

3. Two blocks connected by a light T

m
rope are being dragged by a m, [T 2
horizontal force F. Suppose that F = 2207 i

50 N, m; = 10 kg, m, = 20 kg, and the coefficient of kinetic friction
between each block and the surface is 0.1.

(a) Draw a free-body diagram for each block.

(b) Determine the tension, T, and the acceleration of the system.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 23
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Solving Problems and
Discussion
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Energy

Mechanical

Nuclear

Chemical

Electromagnetic
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The Concept of Work

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

Work Done by a Constant Force

The work done by a constant force is defined as the
distance moved multiplied by the component of the
force in the direction of displacement:

W = (F COosS Q)AX w = F. AX  Work is a scalar quantity

Q F is the magnitude of the force
O Ax is the magnitude of the
U object’s displacement

0 0 is the angle between F and A%

W = FAX When6=0

SI Unit: Newton ¢ meter = Joule
Nem=J

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6
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Example 1

Find the work done by a 45N force in pulling the luggage
carrier at an angle #=50° for a distance d = 75m.

p

v O
|, e A 4\
) e

Solution
W = (Fcos8) d
W =45 cos 50° x 75
W=2170J
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7

Work can be Positive, Negative, or Zero

Work can be positive, negative, or zero. The sign of the work
depends on the direction of the force relative to the
displacement.

W = F.A% W = (F cos 8)Ax

* Work positive: W>0if 90>6>0
* Work negative: W< 0if180>6> 90 .

* Work zero: W=0if9=90" J
* Work maximum if 6=0° ¢ Yeosd

* Work minimum if 6 =180° __]

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8
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Example: When Work is Zero

0 A man carries a bucket of wate b
horizontally at constant velocit

U The force does no work on the
bucket

Displacement is horizontal

[

Force is vertical
cos 90° =0
W = (F cos 8)Ax

U

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 9

Example: Work can be Positive or Negative

U Man does positive work
lifting box.

U Man does negative work
lowering box.

O Gravity does positive work
when box lowers.

Q Gravity does negative work
when box is raised.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 10
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Example 2

The weight lifter is bench-pressing a barbell

whose weight is 710N. He raises the barbell a T
distance 0.65m above his chest and then 4B
lowers the barbell the same distance. e
Determine the work done on the barbell by
the weight lifter during (a) the lifting phase
and (b) the lowering phase.

Solution 1
(a) The work done during the lifting phase is l @

W = (Fcosé) d = 710 cos 0° x0.65 = 460J -
[Positive work] = Bi < full |

(b) The work done during the lowering phase is

W = (Fcosé) d = 710 cos 180° x0.65 = -460J
[Negative work]

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 11

Work Done by a Constant Force

The work W done on a system by an agent exerting a constant force
on the system is the product of the magnitude F of the force, the
magnitude Ax of the displacement of the point of application of the
force, and cos@, where 0 is the angle between the force and
displacement vectors:

W = F.AX = FAxcos6
E B}

= - F

F AT
=, e - e
W, =0 W, =—FAr W,, = FAr W,, = FArcosé

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 12



Quiz

(1) The gravitational force exerted by the Sun on the Earth holds the Earth
in an orbit around the Sun. Let us assume that the orbit is perfectly
circular. The work done by this gravitational force during a short time
interval in which the Earth moves through a displacement in its orbital path
is (a) zero (b) positive (¢) negative (d) impossible to determine

(2) Figure below shows four situations in which a force is applied to an
object. In all four cases, the force has the same magnitude, and the
displacement of the object is to the right and of the same magnitude. Rank
the situations in order of the work done by the force on the object, from
most positive to most negative.

A

= —
3 F
i —
—— ——- _
Ar Ay AT AT
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 13

A particle moving in the xy plane undergoes a displacement
given by A7 =(2.0i+3.0/) m as a constant force

F= (5.0i + 2.0j) N acts on the particle. Calculate the work
done by F on the particle.

Solution
W=TF- A% = [(5.0i + 2.0j) N]- [(2.0i + 3.0j) m]

= (5.0i+2.0i + 5.0i+ 3.0] + 2.0j+ 2.0i + 2.0j-3.0j) N- m
=[0+0+0+6]N-m= 16]

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_4
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Example 4

An Eskimo pulls a sled as shown. The total mass of the sled
is 50.0 kg, and he exerts a force of 1.20 X 102 N on the sled
by pulling on the rope. How much work does he do on the
sled if 8 =30° and he pulls the sled 5.0 m ?

W = (F cos 8)Ax

= (1.20x10%N)(cos 307)(5.0m)
=5.2x10°J

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

15
Work Done by Multiple Forces
If more than one force acts on an object, then
the total work is equal to the algebraic sum of
the work done by the individual forces
Wnet = ZWbyindividuaI forces n F
* Remember work is a scalar, so }
this is the algebraicsum el L ____
W, =W, +W, +W, = (F cos8)Ax —
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 16
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Example 5

In example 4 suppose p, = 0.200, How much work done on the
sled by friction, and the net work if 8 = 30° and he pulls the
sled 5.0 m?

W, =W +W,. +W, +Wg

Fiey =N-mg+Fsingd=0

N =mg-Fsind
Wi, = (f, cos180)Ax = —f, Ax
=— 1, NAX = — 1, (mg — F sin &) Ax g
=—(0.200)(50.0kg-9.8m/s* W =We + Wi + W, +W,
~1.2x10*N'sin30")(5.0m) =5.2x10%] —4.3x10%J +0+0
=-4.3x10%J =90.0J
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 17

Problems to be solved by yourself

1. If aman lifts a 20-kg bucket from a well and does 6 kJ of work,
how deep is the well? Assume the speed of the bucket
remains constant as it is lifted.

2. A 65kg woman climbs a flight of 20 stairs, each 23 cm high.
How much work was done against the force of gravity in the
process?

3. A horizontal force of 150 N is used to push a 40-kg box on a
rough horizontal surface through a distance of 6m. If the box
moves at constant speed, find (a) the work done by the 150-N
force, (h) the work done by friction.

4. If an applied force varies with position according to F.= 3x3 - 5,
where x is in m, how much work is done by this force on an
object that moves fromx=4mtox=7m?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_8
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Work done by varying
force
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Work Done by a Varying Force

Ladic 4S al) e Jalail) b Uae by Ci g JRAD o ggda aladind) o) Wila U 83
55 TON o8 Aaliiie 5 58 (i i U s olld g gil g cdaliila e ) (45
W laka da)3Y) b Millg X =25m (M X,=5m (s dlae & ald aa o
JSAN B LS AalfY) ey SR jsae aei Lily A Jfally 20m

X o834 (55) 5 alina ol (o4 B gRl) (95 AUl

F
Work = F s = 10x(25-5) = 200J
10N _ : i) cad daluall o ke I
' 10NM}¢M\&M\%M"AJ
.20m Aghy
X
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 3
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Particle acted on by a varying force. Clearly, F.d (Fcosfd)
is not constant!

A particle acted on by a
variable force, F, moves
along the path shown from
point a to point b

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 4
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For a force that varies, the work can be approximated by
dividing the distance up into small pieces, finding the work
done during each, and adding them up.

300 AW =F, cosfAl

— Ficos 6
<€ 200+ 7
z Co W=> AW
Q | - :
SR S =

R 7

| | |
R W =3 F cosdAl,
0" ang AL, Al AL, Al Al AL D i

Distance, £

Work done by a force F is approximately equal to the sum of
the areas of the rectangles.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

In the limit that the pieces become infinitesimally narrow, the
work is the area under the curve:

b
W = Alfigo 2F cosh; Al; = J F cos 6 dl.

a

300 1+
— b_, =5
%200—- W = JF-dl.
g I/\-—‘ a
~ 00+ |
i l
! l
0 a b

Distance, f

Work done by a force F is exactly equal to the area under the
curve of Fcos0vs. .

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6
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Example 1

If an applied force varies with position according to F, = 3x3 - 5,
where x is in m, how much work is done by this force on an object
that moves from x=4m to x=7m?

Solution
F=3x3-5
Xy 7
W= [Fax  mb = [ (3x* ~B)dx
X 4
7
3
W =| = x*-5x
4 4
W =15901J
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7

Force of a Spring

a common physical system on which the force varies with
position is a block on a frictionless, horizontal surface and
connected to a spring.

‘ When x is zero

d (natural length of the
| spring), the spring
force is zero.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8
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Force of a Spring

If the spring is either stretched or compressed a small distance from its
equilibrium position, it exerts on the block a force

F=—kx

X

where x is the position of the block relative to its equilibrium (x=0)
position and k is a positive constant called the spring constant of the
spring.

When xis positive

| (stretched spring), the

| spring force is directed
to the left.

- S When x is negative
—_— I e =
[ "V‘ll"‘« (i | — ¢ (compfesse‘d SpI .mg),
VRV I the spring force is
| directed to the right.
|

—

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 9

Hooke’s Law

the force required to stretch or compress a spring is proportional to the
amount of stretch or compression x. This force law for springs is known
as Hooke’s law.

F, = —kx

X

The value of k is a measure of the stiffness of the spring. Stiff springs
have large k values, and soft springs have small k values.

The negative sign in the equations signifies that the force exerted by
the spring is always directed opposite the displacement from
equilibrium.

Because the spring force always acts toward the equilibrium position
(x = 0), it is sometimes called a restoring force.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_O
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Work Done by a Spring

Suppose the block has been pushed to the
left to a position -x,,,, and is then released.

The work W, done by the spring force on
the block as the block moves from
Xi = Xmax {0 X; = 0.

Applying equation

Xf R
W = F.dx
Xi
0
W= (—kx) dx
—Xmax

il The work done by the spring force is
W =-— kxzmax positive because the force is in the same
2 direction as its displacement

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_]_

Work Done by a Spring

Because the block arrives at x = 0 with
some speed, it will continue moving until

it reaches a position +X, 4

The work done by the spring force on
the block as it moves from x; = 0 to

Xf = Xmax

1 2
WZ—Ekx i

ax

The work is negative because for this
part of the motion the spring force is to
the left and its displacement is to the
right.

Xmax

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_2
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Net work done by a spring

If the block undergoes an arbitrary displacement from x = x; to x = x;,
the work done by the spring force on the block is

&
1 C 1 C
W, = | (—kx) dx = gkx;” — gkx,”
Xi
Ws = W-xmax—>0 + W0—>xmax = Z€ro
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 13

The work done on the block by an external agent

If the process of moving the Juaiall acall il ajA e Adac ge Jodaall Sy
block is carried out very slowly, X=Xmax ) X=0 & shud iy
then F,  is equal in magnitude

app 1 . cor = 2 . “ T
and opposite in direction to F, o F, ol Bgd (g gl Fapp A Adl Baal) o) el

&) ) sany ALK & i Adgdaal) d3n LA B 6l

Fapp = - (-kx) = kx

at all times.

) F,, F, . ALY e Aidaal) Lia LAY 5 g8 Al gy J guall Jad
X X
W =IF dx=.|.kxdx=1kx2
Fapp app 2 m
0 0
= = 1
x; Xmax %= 0 WF - - ka2
app 2

,«ib,u'jl\.\&Sﬁ&u\ﬁdjl,uﬁ\M\Wéj@%@)&iﬁ%\ﬁdgw\wlQi.ﬁa\l
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Measuring Spring Constant

Start with spring at its natural
equilibrium length.

-

Hang a mass on spring and let it g
hang to distance d From

S (I
F.=kx—-mg=0
k=19
N d The elongation d is =
mg

caused by the weight mg
of the attached object.

SO we can get spring constant.
get spring o B @

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 15

Example 2

The spring is hung vertically, and an
object of mass m is attached to its lower
end. Under the action of the “load” mg,
the spring stretches a distance d from its
equilibrium position

(A) If a spring is stretched 2.0 cm by a
suspended object having a mass of
0.55 kg, what is the force constant of
the spring?

(B) How much work is done by the spring
on the object as it stretches through this
distance?

(C) Evaluate the work done by the
gravitational force on the object.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_6



Solution

(A) Because the object is in equilibrium, the net force on it is zero and
the upward spring force balances the downward gravitational force mg

Apply the particle in equilibrium model to the object:

_)
Fs
FS - mg = 0 wmp F, = mg
Apply Hooke’s law to give F, = kd and solve for k:
Fs _mg
=z - k=
(0.55 kg)(9.80 m/s2) i mg
k= A — 27 % 10°N/m
20 X 107" m
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 17

Solution

(B) How much work is done by the spring on the object as it stretches
through this distance?

1 2
W, =~ kd

1
Wy = =5 (27 x 10°)(2 x 107%)?

W, = —5.4 x 1072] :E

(B) Evaluate the work done by the gravitatior
force on the object

W=TF-AY = (mg)(d) cos 0 = mgd

(0.55 kg) (9.80 m/s?)(2.0 X 10 2m) = 1.1 X 107!]

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_8
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Problems to be solved by yourself

1. When a 4.00-kg object is hung vertically on a certain light spring
that obeys Hooke’s law, the spring stretches 2.50 cm. If the
4.00-kg object is removed, (a) how far will the spring stretch if a
1.50-kg block is hung on it? (b) How much work must an
external agent do to stretch the same spring 4.00 cm from its
unstretched position?

2. Hooke’s law describes a certain light spring of unstretched
length 35.0 cm. When one end is attached to the top of a
doorframe and a 7.50-kg object is hung from the other end, the
length of the spring is 41.5 cm. (@) Find its spring constant. (b)
The load and the spring are taken down. Two people pull in
opposite directions on the ends of the spring, each with a force
of 190 N. Find the length of the spring in this situation.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 19
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Introduction

0 We have investigated work and identified it as a
mechanism for transferring energy into a system.

U0 We have stated that work is an influence on a system
from the environment, but we have not yet discussed the
result of this influence on the system.

U One possible result of doing work on a system is that the
system changes its speed.

O In this Lecture, we investigate this situation and
introduce our first type of energy that a system can
possess, called kinetic energy.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 3

Work And Kinetic Energy

Energy: the ability to do work.
Kinetic Energy = The energy of motion.
“Kinetic” = Greek word for motion.

An object in motion has the
ability to do work.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 4



Newton’s
Second Law

Work-Energy

Work Theorem

Equations of
Kinematics

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

Work and Kinetic Energy

Consider an object moving in straight line. Starts at speed v,. Due to
the presence of a net force F,, it accelerates (uniformly) to speed
V,, over distance d.

Fpet = ma (1)
At Constant acceleration

v, =v,2 4 2ad e v,% —v,? =2ad

2

_ vty
a=—"— (@)

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6
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Work done: Whet = Fpetrd  (3)
Combine (1), (2), (3):

2_, 2
Fher = ma (1) a= 2 ZdV1 (2) Whet = Fneed (3)

v 2—’[7 2
2 1
Wer = mad = W,,, = md lTl

1,1 2
_mvz __mvl

W-. =
net 2 2

The product of one half the mass and the square of the speed is
defined as the kinetic energy of the particle and has a unit of J

1 )
k = —mv? The SI Units are Joules
2
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7

The net work done by a constant force in accelerating an object of
mass m from v, to v, is:

1,1
Eva _Emvl

Whet = Kf - K;

This means that the work is the change of the kinetic energy of a
particle.

Woet = AK The Work-Energy Theorem

— 2
Whet =

The net work on an object = The change in kinetic energy

If the net work is positive, the kinetic energy increases. If the net work is
negative, the kinetic energy decreases.

o Wl 058 O ¢Sy ASjal) ABUa B i) oty Aua e Lails K ASjad) LU ¢ Jaay
Joia gl laga

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8



The Work-Energy Theorem

When work is done on a system and the only change in
the system is in its speed, the net work done on the
system equals the change in kinetic energy of the
system.

W = KE, — KE, :Emvf —lmvi2
2 2

W, et = AK
NOTE!
This is Newton’s 2"d Law in
Work & Energy Language!

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 9

Example 1

How much net work is required to accelerate a 1000-kg car
from 20 m/s to 30 m/s?

v; = 20 m/s vy = 30 m/s
Find W, to accelerate the 1000 kg car.

W, = AK = K, = K; =%m v,2=%m v,?

W. ., = ¥(103kg)(30m/s)? — %4(10%kg)(20m/s)?

net —

W, = 450,000J — 200,000J = 2.50x10°J

net —

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 10
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Example 2

A fighter-jet of mass 5x10%kg is travelling at a speed of
v;=1.1x10*m/s. The engine exerts a constant force of 4x10°N
for a displacement of 2.5x10°m. Determine the final speed of
the jet.

Yo ¥t
—li —

2F
B ——
\
|
Initial kinetic Final kinetic
energy = %mvo2 energy = %mvfz
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 11

According to equation of work, the work done on the engine is
W = (Fcos@) s = 4x10° cos 0° x 2.5x10° = 1x102]

The work is positive, because the force and displacement are in the
same direction.

Since W = K; - K; the final kinetic energy of the fighter jet is
Ki=W + K,
= (1x10%2]) + % (5x10%kg) (1x10*m/s)? = 4.031x102J

The final kinetic energy is K = %2 mvg?, so the final speed is

2K 12
v, z\/ f :\/2(4-0“140 ) _1.27x10°m/s
m 5x10

AN Ao ) (e s Auilgil) Ao puad) cits 1Y Taa ge Sad Jhy & aall o Eua
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Example 3

A block of mass m = 6 kg, is pulled
from rest (v, = 0) to the right by a
constant horizontal force F = 12 N. After
it has been pulled for Ax =3 m, find it’s
final speed v.

oy
n

V) i

Solution

Whet = AK = (2)[M(v)*- m(vo)’] (1)
If F =12 N is the only horizontal force,
then W, = FAX (2)
Combine (1) & (2):

FAX = (%)[m(v)?- 0]
Solve forv: (v)? =[2FAx/m]
v = [2FAX/m]” = 3.5 m/s

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 13

Ax

{ng’

Example 4

A car traveling at speed v, = 60 km/h can brake to a
stop within a distance d = 20 m. If the car is going twice

as fast, 120 km/h, what is its stopping distance? Assume
that the maximum braking force is approximately
independent of speed.

) =60 km/h v =0
e o To
F =

d(d=20m)

v =120 km/h vy =0

i:‘ o 1
d{d="?
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 14
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v =60 km/h »n=0
e [Py
F -
d(d=20m)
v, =120km/h =0
Ry @h
dd=m

W,.; = Fd cos (180°) = -Fd  (from the definition of work)

W o = AK = (2)m(v,)?— (Y2)m(v,)? (Work-Energy Principle)
but, (v,)?= 0 (the car has stopped) so -Fd =AK = 0- (*2)m(v,)?

or doc (V1)2

So the stopping distance is proportional to the square of the initial speed! If
the initial speed is doubled, the stopping distance quadruples!

Then: d =80 m

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 15

Example 5

A 58 kg skier is coasting down a 25° slope. A kinetic frictional
force of magnitude f,.=70N opposes her motion. Near the top
of the slope, the skier’s speed is v,=3.6m/s. Ignoring air
resistance, determine the speed v; at a point that is displaced
57m downhill.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 16
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Solution

(b) Free-body diagram for the skier

(@)

ZF =mgsin25° - f, =(58kg)(9.80m/s*)sin25°—70N

F=+170 N
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 17
Solution
W = (Z F cosd)s = (170N)cos0°(57m) =9700J
KE; =W + KE,
KE; = 9700J + (1/2)(58kg)(3.6m/s)?
KE; = 10100J
2(KE
v, = / (KE;) _ [2(10100J) _1om/s
m 58kg
18
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Power

The power is defined as the time rate of

energy transfer. If an external force is Michael
applied to an object, and if the work done
by this force is AW in the time interval At,
then the average power is:
AW seconds
Pave ZA_t
The instantaneous power is given by
Jim
. AW dW
P=Ilim—=—
At—0 At dt
o000
P:M:F% _P_FV seconds
dt dt o '

The unit of the power is J/s which is called watt (W).

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 19

Example 6

A 65-kg athlete runs at constant speed a distance of 600 m up a
mountain inclined at 20° to the horizontal. He performs this feat in
80s. Assuming that air resistance is negligible,

(@) how much work does he perform and

(b) what is his power output during the run?

F

207
V]

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 20
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Solution
Since the athlete runs at constant speed, we have
W+ W, =0

where W, is the work done by the athlete and W, is the work done
by gravity. In this case,

W, = -mgs(sin®)
So

207
W, = -W, =+ mgs(siné) T

= (65kg)(9.80m/s%)(600m) sin20°
(b) His power output is given by

W, 1.31x10°J

P =
AAL 80s

=1630W

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 21

Problems to be solved by yourself

1. A 200kg cart is pulled along a level surface by an engine. The
coefficient of friction between the carte and surface is 0.4. (a) How
much power must the engine deliver to move the carte at constant
speed of 5m/s? (b) How much work is done by the engine in 3min?

2. A 1500-kg car accelerates uniformly from rest to a speed of 10 m/s in 3s.
Find (a) the work done on the car in this time, (b) the average power
delivered the engine in the first 3s, and (c) the instantaneous power
delivered by the engine at t = 2s.

3. A woman raises a 10-kg flag front the ground to the top of a 10-m
flagpole at constant velocity, 0.25 m/s. (a)Find the work done by the
woman while raising the flag. (b) Find the work done by gravity. (c) What
is the power output of the woman while raising the flag?

4. A 700-N marine in basic training climbs a 10-m vertical rope at uniform
speed in 8 s. What is his power output?

5. A mechanic pushes a 2500kg car from rest to a speed v doing 5000J of
work in the process. During this time, the car moves 25m. Neglecting
friction between the car and the road, (a) What is the final speed, v, of
the car? (b) What is the horizontal force exerted on the car?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 22
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Potential Energy and Conservation Energy

sl Kinetic energy ig Al d3Ua pogda A3l 5 _palaal) ua Lwya O
Mi}@dqhwﬁw\kﬁu&d Laa g9 & jada
Ll ga g Al 48Ul £ g8f cpa AT Lo g 5 puaalaall oda (B i O
A Ak ) Joai o gl 4Bl oS Potential energy g
Sl )
U Potential energy is energy that can be associated
with the configuration (arrangement) of a system of
objects that exert forces on one another.
U Some forms of potential energy:

1.Gravitational Potential Energy,
2.Elastic Potential Energy

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 3

Lifting Mass at a Constant Speed

Suppose you lift a mass upward at a constant speed,
Av = 0 & AK=0. What does the work equal now?

Since you are lifting at a constant
speed, your APPLIED FORCE
equals the WEIGHT of the object
you are lifting.

h F=mg
When you lift an object above the

ground it is said to have POTENTIAL
ENERGY!

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 4



Potential Energy

Since this man is lifting the package
upward at a CONSTANT SPEED, the
kinetic energy is NOT CHANGING.
Therefore

ENERGY OF POSITION
or POTENTIAL ENERGY.

W = FXcosé F=mg;x=h
h 9=0,cos0=1
W =mgh = PE

All Potential Energy is considering
to be energy that is STORED!

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

Example 1

What is
the potential energy given to the package by the man?

PE =mgh
PE =(10)(9.8)(2) =196J

D

Ground Level g

" Zero" Potential Energy /' f ¢ Y\,
Sound,Heat,Etc.
S/ ¢ UN

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6
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Conservative Forces

Loa ) Apiad) Aae 568 L) (& Lalius Al s 68l glasi of ) a3 Ly jass
(Fapp) G a1 3 55all 8 811 of (T) 3l 358 i (F) Asia 3 68 i (F)

\ G L) s i sl ol

- . \ «$ s conservative forces dkélas

| | .non-conservative il &

|

lY {0 aam Y Lsg oo gl JrAN ols 1

| ‘, Adablae )83 5 gal) o3 b bl o

A T s
{\\1)\& ;)\K s3a b Ll Lo daliay JRAD ¢S 13 Ll

: ' Al 8 (835 4Rl
ht
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Conservative Forces

A force is conservative when the work done
by that force acting on a particle moving
between two points is independents of the
path the particle takes between the points.

Wop(along 1) = Wy (along 2)

The total work done by a conservative force
on a particle is zero when the particle moves 1
around any closed path and returns to its

initial position. / |
/
Wop(along 1) = —W 4, (along 2) fl‘“\ 2

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8
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Non-conservative Forces

A non-conservative force is one where the work done depends
on the path taken.

Friction is an example of a
non-conservative force

» The work done depends
on the path

*The red path will take
more work than the blue
path

Types of forces
|
| |
Conservative Non Conservative
force force
|

Work independent Work dependent of
of the path the path
B ForceofFiction

== Elastic spring force =1 Air resistance
g Electric force — IEETT
— Tension

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 10
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W, = % kx?

Work-gravitational potential energy theorem

Consider a book with mass, m is dropped from height, h; to
height, h, as shown in the Figure. The work done by the
gravitational force (weight) is

W, :mgs:mg(hl—hz)

P
s| Mg W, =mgh —mgh, =U; -U;
47“_;T
(SR W, =—(U, -U,)=-aU
h, mg
Therefore in general, \W = —-AU

11

States “the change in gravitational potential energy as the

negative of the work done by the gravitational force”.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org
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mg
Ay=y -y W=Uu-
=AU

Yor———————= - ———

U=mgy

uO
=mg Ay

Uy = mgy,

AU =U, -U, =-W

AS al) Al A i) g gl Jrdd) o Uale O

&MmSﬂ)ﬂtMMéﬁ\ljoﬂj
Ol Basaa da)j) Al ) Apllad) Alae 348
Vo Al g Agladl ikadi o saiay Ua Jedd)

el e aatay

Sl o) JeAl i ¥ A o A QO

.as)ﬂlf\élbgé#iﬂlgghg

oA ) ha (e e ALS b Gadd Jela 1)) O

udm‘ ) olé h a‘).\'é/ Ca &m‘)\ U'“
558l (¥ mgh < Gstes bage Mad Jisw
iy e oSl s Al slad) B gdl AN
-mgh o8 Lllw Sad J 4ld aal) kS
Aal Y slad) (use B (Adjg) Aigd (Y iy
A pagl Al ey Qllud Jial 1
oA ) Al (ha 48 a0 2o anead] Lgpd)
el Alse 5f) dklae 5 0 cal

(A
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The Conservation of
Mechanical Energy

Kinetic Energy
Lmv?

2

mgh

Gravitational
Potential Energy

Total Mechanical

Energy
1

2

13

-mv? + mgh

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org
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Conservation of Mechanical Energy

Jodsal) Jrdd) b F, Aliblae 348 AU cad x aaly wy B Ak s 353y Qa sl
) A a LBl B i) (g glew B 68 Adaui) g

W =AK =-AU
AK =-AU
AK +AU =A(K+U)=0

AE =0

This is the law of conservation of mechanical energy, which can be
written as

K +U =K. +K Law of conservation
! ! f f mechanical energy

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 15

Total Mechanical Energy

45 al) 4 aas Jualay Total mechanical energy 48! 4l 48Ul G jail

el gk gl) A g
E=K+
Total
mechanical
Energy
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KE PE E =KE + PE
0J 600 000 J BURIOOORE- — ———————————e

200000J) 400000J [600/000J-——————FE==88 -

400000J) 200000) 600000) ———————f———

600 000 J 0lJ 600000)--—s—

The total mechanical energy (E = KE + PE) of an object remains
constant for conservative force only.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 17

Law of Conservation
Mechanical Energy

AE =0
E,—E =0

E- — E Law of conservation
I f mechanical energy

The law of conservation of mechanical energy states that the
total mechanical energy of a system remains constant for
conservative force only. This means that when the kinetic
energy increased the potential energy decrease.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 18
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Quiz
(1) Three identical balls are thrown from the top of 9 e
a building, all with the same initial speed. The first <<--@l
ball is thrown horizontally, the second at some e
angle above the horizontal, and the third at some
angle below the horizontal, as in the Figure.
Neglecting air resistance, rank the speeds of the
balls as they reach the ground, from fastest to
slowest. (a) 1, 2, 3 (b) 2, 1, 3 (¢c) 3, 1, 2 (d) all
three balls strike the ground at the same speed.

(2) Ali, of mass m, drops from a tree branch at the same time that Salah,
also of mass m, begins his descent down a frictionless slide. If they both
start at the same height above the ground, which of the following is true
about their kinetic energies as they reach the ground?
(a) Ali’'s kinetic energy is greater than Salah’s.
(b) Salah’s kinetic energy is greater than Ali’s.
(c) They have the same kinetic energy.
(d) The answer depends on the shape of the slide.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 19

Example 2

A motorcyclist is trying to leap across the canyon by driving
horizontally off a cliff at 38.0 m/s. Ignoring air resistance,
find the speed with which the cycle strikes the ground on the
other side.

vo = 38.0 m/s

ho=70.0m ¥ I Ox

¥ 2{ Jig=35.0m

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 20
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vg = 38.0 m/s
—_—

ho=70.0m ¥

E.=E
f O Vs z\/zg(ho—hf)+vj
mgh, +1mvi =mgh, +1myv’
ghf +%V$ = gho +%V§ Vi = \/2(98)(35)+ (38)2
= 46.2m/s

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 21

Problems to be solved by yourself

1. Use conservation of energy to determine
the final speed of a mass of 5.0kg
attached to a light cord over a massless,
frictionless pulley and attached to another

mass of 3.5 kg when the 5.0 kg mass has T
fallen (starting from rest) a distance of 2.5 h
m as shown in the Figure fms | l

2. A 0.5-kg ball is thrown vertically upward with an initial speed
of 16 m/s. Assuming its initial potential energy is zero, find its
kinetic energy, potential energy, and total mechanical energy
(a) at its initial position, (b) when its height is 5m, and (c) when
it reaches the top of its flight. (d) Find its maximum height
using the law of conservation of energy.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 22
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Examples on Work and
Potential Energy
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Example 1

;

A diver of mass m drops from 100m
a board 10.0 m above the
water’s surface, as in the
Figure. Neglect air resistance.

(a) Use conservation of
mechanical energy to find 500m+
his speed 5.00 m above
the water’s surface.

(b) Find his speed as he hits

@_Il_lﬂl_ﬂ_l OO0

the water.
0 T -
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 3

Solution
a) find his speed 5.00 m above the Hm

water’s surface. 10.0m |

KE;=0
KE? + PE? = KEf+ PEf PE; = mgy;

1 _ 1
gmva + mgy; = gmvfg + mgyr

5.00 m —

0+ gyi= 597 + gy
vp=N2g(y = ¥p)

= V/2(9.80 m/s2) (10.0m — 5.00 m)

ﬂ—l—lml—ﬂ'll_ﬂl_ll OO Y

0 L =,

v = 9.90 m/s T

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 4
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Solution
b) Find his speed as he hits the Bl
water. 10.0m |

KE;=0
PE; = mgy;

KE,j + PE, = KEf+ PEf

1 1
gmv?? + mgy; = gmva + mgyy

5.00 m —

0 + mgy; = %mva + 0
Ur = N2gy;

= V2(9.80 m/s2) (10.0 m) |

= 14.0m/s T

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

KEI =1 mvf?
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Example 2

A block of mass 0.25kg is placed

on a vertical spring of constant
k = 5000N/m, and is pushed [
downward compressing the spring h

a distance of 0.1 m. As the block is
released, it leaves the spring and
continues to travel upward. To
what maximum height above the
point of release does the block
rise?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6



Solution
Taking U, = 0 to be at the point of release, and
noting that = v; =0, gives
Ei=Ki+U;=0+ (U +Uy)
E,=%kx?+0=25]

When the mass reaches its maximum height h,

=0, and the spring is unstretched, so Ug = 0.
Ef K;+ U; =0+ mgh
=(0.25 kg)(9.80 m/s?) h

Since mechanical energy is conserved, we have

E;=E, or
(0.25 kg)(9.80 m/s?) h = 25J
h=10.2m

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

Example 3

A 0.2 kg ball is forced to
slide on a frictionless
wire as in the Figure.
The ball starts from rest
at A and ends up at B
after colliding with a
light spring of force
constant k. If the spring
compresses a distance of
0.1 m, what is the force
constant of the spring?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org
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Solution
K+ U, =K+ U

The gravitational potential energy of the ball at A -with
respect to the lowest point is

Ugi = mgh; = (0.2 kg) (9.8 m/s?) (1.5 m) =2.94 ]

The kinetic energy of the
bead at A is zero since it
starts from rest.

The gravitational potential energy of the ball at B is
Uge = mghg = (0.2 kg) (9.8 m/s?) (0.5 m) =0.98 J

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

Solution

Since the spring is part of the system, we must also take into

account the energy stored in the spring at B. Since the spring
compresses a distance x,, = 0.1m, we have

Us= %2k xm? = % k (0.1)?
Using the principle of energy conservation gives
E, = E;
K+ U; = K; + Ug
0+Ug=0+Ug+ U

Ugi = Ugf+ Us .
2.943=098J+ Y%k (0.1)
k =392 N/m

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org
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Example 4

Two masses are connected by a
light string passing over a light
frictionless pulley as shown in
Figure. The 5-kg mass is released
from rest. Using the law of
conservation of energy,

o —

(a) determine the velocity of the -
3kg mass just as the 5kg mass T
hits the ground. h

(b) Find the maximum height to my l

which the 3kg mass will rise. = | ]

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 11

Solution
LCilual) ABUal) o Bliad) ¢ 5318 (e
E=E,
E,= K, +U,=0+Mgh
E= K¢ +U; =% MV? + % mv? + mgh
Y (m+M)v2 + mgh = Mgh m2 = 5.0kg
Y (m+M)v2 = (M-m)gh -

mi]=3.0kg

2:2gh(M_m) I___I h=40m
(M +m)
v=4.4mls
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 12



8/6/2013

Solution

b a4 Aloca Cadad 6 oY) B ) ALY Juali Ladis
Lgdaa 48 A8Ua Glliai g jia 4 a5 5 pheal) 4TSN of (.
Al ) 48 jal) ABUal) Jgai o) ) Agdla) Ablea pdii 3

Jalslly pa g
Ei=E;
0+% mvi=mgh+0
=v_2= (4.4)? —1im
29 2x9.8

Joay ey oM 3 piall ALCY g€ a0 Al Adlal) o3a g
ALl e ) adl () 98 Al g (a1 ) Byl ALISY
9 ga N g b pal)

Yimax = 1+h = 1+4 =5m
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 13
Example 4

Use conservation of energy to determine
the final speed of a mass of 5.0kg
attached to a light cord over a massless,
frictionless pulley and attached to
another mass of 3.5 kg when the 5.0 kg
mass has fallen (starting from rest) a
distance of 2.5 m as shown in Figure

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_4
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Solution

L) Al e Bliad) ¢ 5il8 o

E;=E
E, =K;+ U, =0+ Mgh
Ef =K+ U

E;=% Mv? + %2 mv? + mgh

Mgh =% Mv2 +% mv? + mgh £y
dgglhall Aol Mol Say Adalaal) 0dd (e L ﬂ 3.5 kg

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 15

Problems to be solved by yourself

1. Use conservation of energy to determine J
the final speed of a mass of 5.0kg
attached to a light cord over a massless,
frictionless pulley and attached to another

mass of 3.5 kg when the 5.0 kg mass has T
fallen (starting from rest) a distance of 2.5 h
m as shown in the Figure _ fms | l

2. A 0.5-kg ball is thrown vertically upward with an initial speed
of 16 m/s. Assuming its initial potential energy is zero, find its
kinetic energy, potential energy, and total mechanical energy
(a) at its initial position, (b) when its height is 5m, and (c) when
it reaches the top of its flight. (d) Find its maximum height
using the law of conservation of energy.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 16
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Non-conservative forces and
the work-energy theorem
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Non-Conservative Forces and

The Work-Energy Theorem
Jie Aiblas 52 568 aa Jaladl) s 8
Ablaa o8 ) ALYy dlsiay) 3 g8
1 G G QA a0 gebied ¥ L

AE =0

Ll B il o e pal )
A dia oY e (6 by AslSl) ASilsal)
Yong ’ | A Jsd U'b &,\h.é,-,' FERAT (oA
oAl dali Jelwll SRl dbulg
LAliay
Jadid asiy Jadi e ) gliad M
REX &\y\ [SVEN

gl
| deot!

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 3

The Work-energy Theorem
S yal) Al b ) (s glany i) o Uislas plad
W=AK

Yol Jadll (158 Ulaly We Ablaa o8 Aol gy Yoloa (158 B Jold) o um
WNE Jasll Al Ga gy diblaa g (5 8 ddanl g

W..+W,.=AK
Lol Ala A i) b (s gl WiC Adablaa 5 g8 ddai) 9o Sl o) Eua g
W,= — AU
O ‘éi
We+-AU=AK === W =AK+AU
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 4
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The Work-energy Theorem

W, =AK+AU

ALYl A< o) Al i) (o gluw Adiblae 48 5 68 Adaci) g J gduall JREN () Fay 120 g
Lol Aid B e )

Wnc = (Kf+ Uf) - (K+ []1)

Wnc =Ef_Ei
Jdedsall Jad o o paly oy ABUally JRal Cm Al alal) gl Jiay 138
Al Bl 8 Syl o gl Adblae & 3 6B Aau) gy

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

Example 1

A 3kg block slides down a rough incline 1m in length as shown
in the figure. The block starts from rest at the top and
experience a constant force of friction of 5N. The angle of
inclination is 30°. (a) Use energy methods to determine the
speed of the block when it reach the bottom of the incline.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 6
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Solution

Wnc =Ef_Ei

Wnc = (Kf+ Uf) - (I(1+ Ul)
-fs=(1/2mv2 +0) - (0 + mgh)

OSar Ba¥ AN | 3150l acall 4uilgdl) de pud) Ma) (Say Adlaall 038 (e

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7

Example 2

A 3.00-kg crate slides down a
ramp. The ramp is 1.00 m in
length and inclined at an angle of
30.08 as shown in the Figure. The
crate starts from rest at the top,
experiences a constant friction
force of magnitude 5.00 N, and
continues to move a short
distance on the horizontal floor
after it leaves the ramp.

(A) Use energy methods to determine the speed of the crate at the
bottom of the ramp.

(B) How far does the crate slide on the horizontal floor if it continues to
experience a friction force of magnitude 5.00 N?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8
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Solution
(A) Determine the speed of the crate at the bottom of the ramp.

Because v=0, the initial kinetic energy of the system when the crate is
at the top of the ramp is zero. If the y coordinate is measured from the
bottom of the ramp with the upward direction being positive, then
y=0.500 m.

E=K + U=0+ U= mgy,

),
v, =0

AE‘mech = Ef — kK= %mng - mgy; = _ﬁfd

2 .
Vr = E( mgy; — fud)

U= \/3.03 = [(8.00 kg)(9.80 m/s*)(0.500 m) — (5.00 N)(1.00 m)] = 2.54 m/s

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 9

Solution

(B) How far does the crate slide on the horizontal floor if it continues
to experience afriction force of magnitude 5.00 N?

In this case we can consider the mechanical energy of the system to
consist only of kinetic energy because the potential energy of the system

remains fixed. ¥ =0
=K = %mv,;z
E,— E; = — imv® = —fid ‘:’L
mo® = fid -
2 3.00 kg)(2.54 m/s)*
d:mv :( g)( ) — 104m
2/, 2(5.00 N)

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_O
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Example 3

A block of mass 0.2kg is given an initial speed v,=5m/s on a
horizontal, rough surface of length 2m as in Figure. The
coefficient of kinetic friction on the horizontal surface is 0.30. If
the curved part of the track is frictionless, how high does the
block rise before coming to rest at B?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 11

Solution

The initial kinetic energy of the block is
K, = Y2 mv? =% (0.2kg) (5m/s)?
=250J
The work done by friction along the horizontal track is
W, = -fd = -pmgd = -(0.30) (0.2) (9.8) (2) =-1.18J

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_2
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Solution

Using the work-energy theorem, we can find the Kinetic
energy at A

Kya=250+W;=250-118=132J

Since the curved track is frictionless, we can equate the
kinetic energy of the block at A to its gravitational potential

energy at B.
mgh=K,=132J ===) h=0.67m
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 13
Example 4

A 5-kg block is set into motion up an inclined plane as in Figure with an
initial speed of 8 m/s. The block comes to rest after travelling 3 m along
the plane, as shown in the diagram. The plane is inclined at an angle of
30" to the horizontal. (a) Determine the change in Kinetic energy. (b)
Determine the change in potential energy. (c) Determine the frictional

force on the block (assumed to be constant). (d) What is the coefficient of
kinetic friction?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_4
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Solution
Ki=12mv2 & U;=0

K:;=0 & U;=mgh )
(a) The change in kinetic energy U; d
AK = K- K; \</

AK =-1/2mv2=-160J 3sin30
(b) The change in potential energy
AU: Uf — Ui 6
AU =mgh =5x 9.8 x3sin30=73.5J
(c) The force of friction
—fs= (Kt Uy = (K + U)
-3f= (0+73.5)-(160+ 0) =28.8 N
(d) the coefficient of kinetic friction u,
28.8 N
= [— T =| 0.679
F= U mg cos30 "7 (500 kg)(9.80 m/s”)cos30.0°
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 15

Example 5

The coefficient of friction between the 3.0-kg object and the surface in
the Figure is 0.40. What is the speed of the 5.0-kg mass when it has fallen
a vertical distance of 1.5 m?

e

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_6



Solution ]
ny @)
Wnc = Ef - Ei 7j‘>J
Wnc = (Kf+ Uf) - (1(1 + U])
1 L)
fh= (Emlvz + Emzvz) —(0+mygh)
1 2
-umqg h= 5 (my+my)v° —m;gh
02 — 2(my — pmy )(hg)
my +mm,
2(9.80 m/s*)(1.50 m)[5.00 kg —0.400(3.00 kg)
v \f ( ) S.ED kg | -
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 17

Example 6

A block of mass m,; = 20.0 kg is connected to a block of mass m, =
30.0 kg by a massless string that passes over a light, frictionless
pulley. The 30.0-kg block is connected to a spring that has
negligible mass and a force constant of k = 250 N/m as shown in
the Figure. The spring is unstretched when the system is as shown
in the figure, and the incline is frictio 4

The 20.0-kg block is pulled a
distance h = 20.0 cm down the
incline of angle 6 = 40.0° and
released from rest. Find the speed
of each block when the spring is
again unstretched.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org
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Solution i
e Uil ) &ladl b X (o it ) 138 ) iy~
Sl s 823n0 Adlias 20kg ALK o Aagis &l I
Ug= 0 gl &l of i iy x = 0.2m ol / Moy
v ulS 13 LS 55 Jd 20Kkg ALl dad ol vie aulie /
d8 O pasa Lad s e vie Al de o /6

ERRELIR NI

(K+U). =(K +U)f

0+(30.0 kg)(9.80 m/s”)(0.200 m)+ %(2.50 N/m)(0.200 m)’

_ %(50.0 kg)o? +(20.0 kg)(9.80 m/sz)(O.ZUO m)sin 40.0°

58.8 7+5.00 ] =(25.0 kg )v® +25.2]

= k

Ao o) e ol Alalaall g alls i) Alslaall 3 im o

v=1.24m/s
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Problems to be solved by yourself

1. A mass of 2.5 kg is attached to a light spring with k = 65 N/m. The
spring is stretched and allowed to oscillate freely on a frictionless
horizontal surface, When the spring is stretched 1 0 cm, the kinetic
energy of the attached mass and the elastic potential energy are equal.
What is the maximum speed of the mass?

2. A block of mass 2 kg is kept at rest by compressing a horizontal
massless spring having a spring constant k = 100 N/m by 10 cm. As the
block is released it travels on a rough horizontal surface a distance of
0.25 m before it stops. Calculate the coefficient of kinetic friction
between the horizontal surface and the block.

3. A block of mass 0.25 kg is placed on a vertical spring of constant k =
5000 N/m and is pushed downward, compressing the spring a distance
of 0.1 m. As the block is released it leaves the spring and continues to
travel upward. To what maximum height above the point of release
does the block rise?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 20
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The law of universal
gravitation
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Newton’s Universal Law of Gravity

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 3

Newton’s Universal Law of Gravity

By alal) Apilall Gl (g alldl iy
Ll bghu Ay ads 5 )sgdall Ly
Goad cal Ll S Lady 4wl o
Ll o a3 ol ) Jagid
dad AN B8l (i A ga Y e bl
Ol ol Lad oty Loa) N el
Aagial) 348 o gaaly o5 gail aladl cadad)
Slgw aa e alal alual) g oSl o<l G

U The apple was attracted to
the Earth

QO All objects in the Universe
were attracted to each other
in the same way the apple

Planet was attracted to the Earth
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Newton’s Universal Law of Gravity

Every particle in the Universe attracts every other
particle with a force that is directly proportional to the
product of the masses and inversely proportional to the
square of the distance between them.

F=G

m1m2 IE21 Moy
2

N g

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 5

Universal Gravitation

U G is the constant of universal gravitation
0 G=6.673x 101t N m2 /kg?
U This is an example of an inverse square law

U Determined experimentally
S Mi | Light
U Henry Cavendish in 1798 IrTOr gy Svrene
F_gmm,
r 2
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Universal Gravitation

Qi A m, 5 m; GALS g Aatall 3 g8
= 5h A By OB Ao 5 Lagdn Jabiall LA oo
A ALY U e AGE ALY Je adal)

Fau "o ‘m.ﬁ‘ o ‘?‘393‘.3{5 R “F12 333_” o ‘j'ms
B ollal) NS hg ALl AliSl) A e Y
@ QUuSlaiag laBall A olgluda (6l

\/ B A0 Aalaally 13 e g oY)
my

Fu=—Fy

m(Object) (i AdaLilal) 3 gR) alagy (igadl alal) cadad) 0 gild aladiu) (Sa
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Example 1

Three uniform spheres of mass 2kg, 4kg, and 6kg are
placed at the corners of a right triangle as shown in
Figure. Calculate the resultant gravitational force on the

4kg mass.
Y
(0,3) % Zkg
(4.0)
@ x
Bkg
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—

I:4 = 'E42 + IE46

The force on the 4kg mass due to the 2kg mass is
y

~ m,m, . (0.3) éﬁ 2kg
Fi, =G 7
r-42

{4.0-)

—~ 4x2 . Fa

_ -11
F,, = (6.67x10™") 7 ) )
Fag kg
= -11 ; 6ke
F,=5.93x10"j N
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The force on the 4kg mass due to the 6kg mass is

Fis =G : 2 (1)
F6

~ 41 4%x6. (0.3)

F,, = —(6.67x10™) ]

IE46 == _1OX10711i N (4,0-)

-t X
hence, @ Fas
Bkg
F, = (-10i +5.93j)x10™ N
F,=11.6x10" N 0 =149°
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 10
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Example 2

Two stars of masses M and 4M are separated by distance d.
Determine the location of a point measured from M at which
the net force on a third mass would be zero.

4M
M
- £
N U
- d >
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 11
-
Solution

QY o o fisall Ougll b m AU Ay o 5 figall sl eS8 s
Ghak ey olady) B opiuSlatey el B o gludie UeS o caag A
Sed) A (e ALy AM 9 M Glisl oy AN A puaga ()98 Ladic

JSAl) B Las
I:m2 = _le
maM  _ mM M 4M
(d-x)? (x)° F Frz
4 _ 1 : "
(d_X)Z - (X)Z Il<— X —pa4— d-x —»:
. — d —>|
Solving for x then,
d
X p—
3
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Gravitational Force
T

A
—
C

e .
- .
= -
N

Free-fall Acceleration and Gravitational Force

Consider an object of mass m near the Earth’s surface
m,m mM
F = G 12 2 = G 2E f_‘ﬁ't\
r Re e Tl
Acceleration g due to gravity '8
mM ¢

13

F=G =mg ; -3
RE2 \ .‘." F»G‘—
: M

Since 3
M, =5.9742x10* kg Rg =6378.1km

Near the Earth’s surface

M E

2:

24
6.67 x10™ 5698;106 =9.8m/s?

38x10

~g=G

E
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Weight and Gravitational Force

By e LA @) RN Ga A My, s My GEES G Al B8 o SN o ey Ua
Jaw W o La ¥ Lodal) Aae i of oS by action-at-a-distance
e 8l Bl Ll dada ) dndlad) Jlaa iy a3 (Sayg gravitational field dxdad
E Agndall Jaa A 293 sal) anal) A
g=—
m
For a body of mass m a distance h above the earth
then the distance r in the equation of the law of
gravity isr =R+ h

F=g™M _g_ MM

r (Rg +h)?
M g -

1 e (15859 (o ) s (oo ELES Y B3l ga S5 Ada ) Ailad) Alae o L3 (pa i
Al i 1 (sS Lasie
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g=G

Example 3

Determine the magnitude of the acceleration of gravity at an
altitude of 500km.

Solution
9'=G M, 2
(R, +h)
g = 667101 5.98x10%*
(6.38x10° + 0.5x10°)?
=8.43m/s*
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Weight and Gravitational Force

From Newton’s second law we define the weight as a kind of
force equal to mg where m is the mass of the particle and g
the acceleration due to gravity, we can define the weight
using the Newton’s universal law of gravity as follow

M_.m
— — e
W=mg=G—5
e
Weight is Mass is
measured with measured with
a spring scale. a balance.
L - -,
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 17

Problems to be solved by yourself

1. Two identical, isolated particles, each of mass 2 kg, are separated by a
distance of 30 cm. What is the magnitude of the gravitational force of one
particle on the other?

2. A 200-kg mass and a 500-kg mass are separated by a distance of 0.40 m. (a)
Find the net gravitational force due to these masses acting on a 50-kg mass
placed midway between them. (b) At what position (other than infinitely
remote ones) would the 50-kg mass experience a net force of zero?

3. Three 5-kg masses are located at the corners of an equilateral triangle
having sides 0.25 m in length. Determine the magnitude and direction of the
resultant gravitational force on one of the masses due to the other two
masses. y

4. Four particles are located at the corners of a 2m 3m
rectangle as in the Figure. Determine the x and y

components of the resultant force acting on the .

particle of mass m.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 18
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ALl 3 palaal)
Gravitational Potential
Energy
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Gravitational Potential Energy

Gh“wh&mgau.\f,i e mha o aual gl &thiazems,am@m#
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To move the particle of mass m from r; to r; in the gravitational field
g a negative work W is done by an external agent since the external
force F,, is in opposite direction of the displacement. Therefore the
change in gravitational potential energy associated with a given
displacement dr is defined as the negative work done by the
gravitational force during the displacement,

AU =U, U, =—[F(r)dr

fi
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When the particle move from r; to r;, it will be subjected to gravitational force
given by - :_GMem

2
where the negative sign inJicates that

dr
the force is attractive. - ”
----------------- '4—.’
Substitute in equation ” A : :
't | g | l
AU =U, -U;=—[F(r)dr = ’ -
" H r >|

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org

. |
Take U;=0 at r;=c0 we obtain the |
potential energy as a function of r - r g I

from the centre of the earth - r »!
GM,m
u(r)=- =

The potential energy between any two particles m; and m, is given by
m,m,
r

U=-G

to LS il Gpama G AiLial) gl ABla o 3AY) i) (e it O
Lagri Alaal) g o gen brase it Anilad) 5 68 o) Cn (B Lagdy ALaldl) Alacal)
Adad o 68 Lail Lagin Aaliial) 5 81 oY Al Craamsn O gl A8 585 [
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Potential Energy for more than Two Particles

For more than two particles the potential energy can be evaluated by
the algebraic sum of the potential energy between any two particles.

U =Y, +U;+U,,

total

U __G(m1m2+m1rr5+w1zns}
LooL kL

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 7

Example 1

A system consists of three particles, each of

mass 5g, located at the corner of an 5g
equilateral triangle with sides of 30cm.
Calculate the potential energy of the
system.

Solution

Usptar =U1, tU 3 +U 5,

tota

, , , , & A
Utotal __G[m_'_ mi m]__3GM Sg Sg
r r r r
-11 2
U, :_3><6.67><1(())3 % (0.005) 167x10]

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 8
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Total Energy for Circular Orbital Motion

When a body of mass m moving with speed v in circular orbit around
another body of mass M where M >> m as the earth around the sun or
satellite around the earth, the body of mass M is at rest with respect to the
frame of reference. The total energy of the two body system is the sum of the
kinetic energy and the potential energy. SIS

E=K+U

e Ll . GMm |
r 1

As the mass m moves from initial point i to a
final point f, the total energy remains constant,
therefore the total energy equation become, 7 ~
1 2 GMm 1 2 GMm "
E=—my" - =—mv;" —
2 r 2 I

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 9

From Newton’s second law F = ma where a is the is the radial
acceleration therefore,

2
GMm _ mv Multiply both sides by r/2
r r
1 , GMm

E=%mV-2—GMm=1mV 2 GMm

f
' r 2 r,

_GMm_ GMm
2r r

E

Mm
The total energy for circular orbit =—— E=-G——

2r

Note that the total energy is negative in a circular orbit. And the kinetic
energy is positive and equal to one half the magnitude of the potential
energy. The total energy called the binding energy for the system.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_O
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Example 2

A space transportation vehicle releases a 470-kg communications
satellite while in an orbit 280 km above the surface of the Earth. A rocket
engine on the satellite boosts it into a geosynchronous orbit (=¥ sl
Ol el B 2all) 36,000 km above the surface of the Earth. How much
energy does the engine have to provide?

Solution
r,= R, + 280 km = 6.65 X 10°m

} : : GM;m GMm GM;m (1 1
AE=IE-— E = — =ifl= = - = e
21 27, 2 oo

1 1

(6.67 X 107" N - m2/kg?)(5.97 X 10** kg)(470 kg)

AE = —
2
(i )
X = — .
422 X 10°’m  6.65 X 10°m
= 1.19 X 10‘”]
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 11

Escape Velocity

vf=0
T

Gluay  agiin 40N A8l aggda  aladiuly
Ldal e escape velocity «MY) As
i Al iyl Ay JBT A cOBY) Ao jug A )
dae 0o OB G puad) S Gl iy

Aoa Y dia

<

Suppose an object of mass m is projected
vertically upward from the earth with
initial speed v; = v and r; = Re. When the
object is at maximum altitude, v; = 0 and

rf = rmaX'

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org ]_2
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In this case the total energy of the system
(Earth & object) is conserved, we can use the
equation

<
o

Ittt BN

1, GM;m GM,m
_m\/i — [
2 R e

(]

T solving for v;? we get,

v’ =2G|v|e(i—ij

R, r

e max

Ayl de ) dad Uale 1)) Adleall o3 (e
Of OSa pUE) bl Gl (a3 v aeadl (3R
N =racRe O G h asad) 4d) Juay
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Easka @) s Jall g L Jie dua Y Luiladl S (e paall Y Ao Gilaal
OF e ) Alaiy) BN Ao ju Gl A Ll L) G Y e (e dgSa gl (il
i dban ) Juay 0 gen o g8l (8 W) g BBY) A8 pun (0 JEIY O i g8l Ly (3l
O A sllaal) ) S juw a5 Al 3 8 il

......

v’ :2@M{i—iJ
R, r

e max

For the escape velocity the object will reach a final speed of v;= 0
when r,,= o, therefore we substitute for v;=v,., and we get

. _ [26m,
esc Re

Note that the escape velocity does not depends on the mass of
the object projected from the earth.

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 14



This equation can be used to evaluate the escape velocity
from any planet in the universe if the mass and the radius of

the planet are known.
Escape velocities for the
planets

Planet Vs (KM/S)
I 2GM, Mercury 4.3
ese \/ R, Venus 10.3
Earth 11.2
Moon 2.3
Mars 5.0
Jupiter 60
Saturn 36
Uranus 22
Neptune 24
Pluto 1.1
Sun 618
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 15

Example 2

Calculate the escape speed from the Earth for a 5000-kg
spacecraft and determine the kinetic energy it must have at the
Earth’s surface to move infinitely far away from the Earth.

Solution
\/QGME \/2(6.67 X 107N - m2/kg?)(5.97 X 10* kg)
Yee =N R, 6.37 X 10° m
= 112 X 10*m/s

K = gmol. = 5(5.00 X 10°kg)(1.12 X 10* m/s)?
= 313 x10"]

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 16
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Example 3

(a) Calculate the minimum energy required to send a 3000kg
spacecraft from the earth to a distance point in space where
earth’s gravity is negligible. (b) If the journey is to take three
weeks, what average power would the engine have to supply?

Solution
(a) Vo = % =1.12x10"m/s
K =%mvefc =%><3000><(1.12><104)2
=1.88x10"J
11
0 P =K 188x10" _ L03kW
At 21daysx8.64x10"s/day
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Example 4

A spaceship is fired from the Earth’s surface with an initial speed of
2x10* m/s. What will its speed when it is very far from the Earth?
(Neglect friction.)

Solution

Energy is conserved between the surface and the distant point
(K+Ug)i = (K+Ug)f

lmviz_GMEm :Emvfz_GMEm

2 Re 2 o0
szzviz_ZGME I Vf2:Vi2_Vesc2

RE
-11\2 24
V.7 = (2x10°) 2(6.67x107%) (5.698><10 )
6.37x10
v, =1.66x10" m/s
Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 18



Problems to be solved by yourself

1. A satellite of the earth has a mass of 100 kg and is altitude of 2 x
108 m. (a) What is the potential energy of the satellite-earth system?
(b) What is the magnitude of the force on the satellite?

2. A system consists of three particles, each of mass 5g, located at
the corners of an equilateral triangle sides of 30 cm. (a) Calculate
the potential energy of the system. (b) If the particles are released
simultaneously, where will they collide?

3. How much energy is required to move a 1000-kg form the earth's
surface to an altitude equal to twice the earth's radius?

4. Calculate the escape velocity from the moon, where
M,,=7.36x102%kg, R,=1.74x10%m

5. A spaceship is fired from the earth's surface with an initial speed
of 2.0x10°m/s. What will its speed when it is very far from the
earth?

Dr. Hazem Falah Sakeek www.hazemsakeek.net & www.physicsacademy.org 19

Gravity.
It's not just a good idea.
daldl) 3 pualaall It's the Law.

Problems on Gravitational
Potential Energy
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