M\:J\;Li‘).\sj\ Q.Lw;).&_) J('a

[EEEIT

23] g N P A T P e g e dy i)y g e e g s A TR P il I P I

i.L

O b sl

bl ale
Physics and Measurements
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Physical Quantity
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Time Length Mass

Units of Length  Jghll claag

Jb ubidl Miad lal) Gany B 5mS (Sashsll) Ablusal) (uld Bany e
e Aliie clang aladin) (e 4l £ LAY (2 Al (uld o Au)all die
padid Wld 450 cilblse ald Alla B L ¢ iagdial) ol aiind) of iall
Aaiial) ABlal) cilang dad rlagy AU Jpaadl .oyt Jia hial claag

- Aally

1  kilometer (km) | =10°m

1 | decimeter (dm) | =10-'m

1 | centimeter | (em) | =10-“m

1  milhmeter (mm) | =10-m

1 | micrometer | (um) | =10%m

1 | nanometer | (nm) | =10"°m

1 | angstrom (A) =10-19m

1  picometer (pm) | =10-"m

1  femtometer (fm) | =10"m
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day )
[Speed] = L/T =LT™

[Force] = ML/T? = MLT™

Jilad axdiud s §) Dimensional Analysis 4aa ¢ Sl 3 eyl
Oald) Gyl Sasg of Gua oLl B ALl dpdaly ) cildlally cuag Alalaall
s Adlaal) Gld Yig (Aalaall jul) Cijhall Bang (g sba O Aayaa,

Example

Using the dimensional analysis check that this equation x = %
at’ is correct, where x is the distance, a is the acceleration and t
Is the time.

Solution
X =¥ at®
Ciphal) Gl Aagaia Aslaal) (65 Slg (Joba dny AL Alslaall juul) Ciphall (el
Jalad adies Aalaeal) daua (e @lailly Lafl Job g 41 68 of g Al
Ualaal) Akt



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

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

Solution
The right hand side
[v]=L/T
The left hand side

Therefore, the expression is dimensionally correct.

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



Where k is the proportionality constant of dimensionless unit.

The right hand side
[a] = L/T?
The left hand side

(L N
krmvi]=L {?] =
therefore
L ="
8 T
Hence
n+m=1 and m=2

Therefore. n =-1 and the acceleration a is

a=kr?tv?

a=v2Ir

(Y)
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Scalar Vector and dgaiall ciluaslly duwldll ciliag!)
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Displacement
Force
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Coordinate system «lilaay) alad
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.polar coordinates s Rectangular coordinates
coordinates The rectangular 4\l cldiaay)
o8 CLElaY) Sy L Ul JSAN 3 daicage Cpaey 8 4500 calilaay)
oY) adals cans il (¢, ) Adalill die Gualaliiag (pualaie Y 5 X Cysae (e
sy Al bl Ll e Jal jenae JS aul acas &4 OFigin point
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The polar coordinates 4sdaill cilslaay)
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relation between The ddally 450,10 caldiany) ¢ ABNal)

coordinates
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X =1 CO0S ( (1.1)
And
y=rsinq (1.2)

Py (1.3)

Sle Jeani (1.7) 5 (1)) oilalaall apusy
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tan 9: x/y (1.4)
Vectors Properties of cilgaiadl (alsd

Vector addition wlgaial gas
5ll meaie pen Jio dgiliiie Al S e e ) Cilgaiall pen (e
B anic ro A anic gend Wih e pu daie ga 58 4o gani O (S Y (S

R=A+B (1.5)

A+B=B+A (1.6)
vector The unit 3aasll 4aia

A8l aeS (Y oY) e adll aadfin g Basl) alsh datiay Saagl) Antia Cagny

- -
.
.

AU A sl dnie Cipa A asiall latey Al (Say A 4siall

A=aA (1.10)

rectangular 45, cilfilaay) sl (i, j, K) 32y Cilgatia Jiia (Say SIS
- Jall JRill 4 WS X, y, z coordinate system



1= a unit vector along the x-axis
] = a unit vector along the y-axis
k = a unit vector along the z-axis

ipd

Dl A b AilSH ilaaY) ey bl JSED ) s

™A

Example

Two vectors are given by 4=3i—2j and B=—i—4j. Calculate (a)
i+5.(b) 4i-B, (cjw‘ﬁ +B. @) ‘Ja‘-é\: and (e) the direction of

i+5 and \;i_g\.
VS

a) A+B = (3i-2j)+(—-i—4j)=2i—6j
J J J

Solution

(b) A-B = (3i—2j)—(~i—4))=4i+ 2]
() ‘Ji+§\=«,321 +(-6)* =6.32
(d) ‘E—E\=J4J+21 =447

(¢) For A+5B, 0 =tan’!(-6/2) = -71.6° = 288°

For A-B.8=tan!(2/4)= 26.6°

10
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Aahy) deaia A5l dxie i Jrals Jie dpuld A0S ory (neatia cipia
O¥ @y Al pall s SG Elly (danll 4aS gag Jadll 2l (S
A il Je (gasee anlad) (5S) Gl 4nie 4o &b (peatia Qpa duala
ublind) Jlaall anie (8 (sadia aun deju 4t Jie gAY (peaia) (gony

At da€ ALY Cipial (o griins A e () ) (e

The scalar product wtall cyall

05855 dot product sl el scalar product (wbsll oyl o
Aghll il 1) A ge el o2 (55SH g Al deS (agadial uldll pall dais
Ayl cals 13) Al daill (4555 4203 90 50 G Ceatiall G B) sl

190 4yl cuilS 13 Tia (gluis 42 180 590 o Ceniall (s 8y pumanall
axiall e 3 Jg¥) aniall laie i Jualay el (ol Copall Capy
Nagin bysemnall Lyshll olii a8 D)

AE=|A||B|CGSHT (1.16)

Pk WS daie 8 GlS e alasinly (peadial oulal) il dad alag) (S
J+Ak (1.17)
J+B.k (1.18)
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The scalar product is
AB= (Ai+A, j+Ak)(Bi+B,j+Bk) (1.19)

| BMH&J& jmludﬁuﬁ

114
AB=(AiBi+AiB j+AiBk
+A jBi+AjB j+A4jBk (1.20)
+AkBi+AkB j+ AkBFk)

Therefore
< AB=AB, +AB, +4B, (1.21)

The angle between the two vectors 1s

cosd = AB _ AB, +AB +AB, (122)
418 4]

v

Find the angle between the two vectors

Example 1.11

A=2i+3j+4k, B=i-2j+3k

v

Solution
A B +AB +A4DB,

cosf =
4] B]

AB, +AB,+4B,=Q2)1)+3)(-2)+4)3)=8
|4 =27 +3% +47 =29
|B|= 17 +(=2)* +3% =414

cos & =LG.39T = 0 =66.6"

20./14

12



The vector product Al qupall

pall dais (K55 cross product -+ vector product alaiy) cpall Caja
P AN JSAN LS L dgatie dpaS (peatial oalanY]

AxB=ABsing (1.23)

AxB=(4i+4, j+Ak)x(Bi+B,j+Bk) (1.24)
j ool cleaiall Al o o Aliciad) A5sally Cpaiod copeal) Jeals dad alagy
0‘1 . LSA k 3
ixi=0 ixj=k ixk=—j
Jxj=0 Jrk=1 jri=—k
kxk=0 kxi=j kxj=—i z

AxB=(4,B,—4.B )i+(4B - 4,B,)j+(4B, -4B k (125

If C = Ax B, the components of C are given by
C.=A4.B, - 4B,

C,=4,B,—AB,
C,=A.B,—AB,

13



£ Example 1.12

k-

If'é=;i.><§=where ;ihz?rz'—ﬁrj:and B=—

“nsns

i+ 3k, whatis C?

R

™
i

Solution

C=AxB=(3i—4/)x(=2i +3b)

which. by distributive law, becomes
C=—(3i=2)+Gix30)+(d7 =2 —(47x3k)

Using equation (123) to evaluate each term in the equation above we
get

C=0-97-8k—12=-12i-9; -8k

The vector C is perpendicular to both vectors 4 and B .

(V) 5 olaall

14
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ale 5 Dynamics Sl 5 Kinematics Sl Jie s al g 554 alall
Saaliadl) 2o Ll cletman I LB (30 plaa¥) AS5a Ciam g e SaLai
Juaill 128 85 AL 3 8l Jin Leilusa 5 alua) 4S8 a0 ()3 s6d Dynamics
5 Al RSl Sy e JG LBl s Alaadl A m Al o s

Al e 5 8 gl (i

Mechanics

| |

Kinematics Dynamies

The position vector and the displacement vector

Lalal) aluadld Kinematics Salaisll S al) Ciuag ale dul)s clibad ¢
Uaally Velocity dsyadly Displacement daly) ¢ JS dufpy s2

auad) alaga paadl alia) glaw aladie) ) Ua zliady .Acceleration

Lo o Al aliay) jglae lais) cuwliall (g ddlida diajl e &l jadall
aa adga paat ) g liad Miad crectangular coordinate (X,Y,z) « cisaw
POSItion axagall daia jlis) ¢Say Niad Saaa dmase ) sabicd ) L

A oW amad) GlSa ) Gura AU 3S5a (e Jualgl) 4ndall sa vector

8 sp hid any 8 AU 3$e lie) AT dua 2.1 JSAN) A LS Loaaad
X,y sl

15



dalag ASal) Ay die acall miage diay Iy pdagall 4ata 2.1 Jed)
AafY) O Uag \t-yAt=t o8y (e 3 Al acall aBga aay 1, pudagall
(2.3) Qalaally Jaad ancnll
=Xl +Yyj
= Xl + Y5
Ar=rp,-nr

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

Jaly) of Bay displacement Ar il ¢ ddlaall o adiad 400)

16



¥ Example

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

™A .
£ Solution

For the point (5, -6, 0) the position vector is r = 5i - )
For the point (5, -4) the position vector is r = 5i -4j

For the point (-1, 3, 6) the position vector is r = -i + 3j +6k

The average velocity and Instantaneous velocity

Juala 0l t Algdll pasa )ty el die Aladl) wasa (e el JUESH e
ol Cuag Velocity dspully i t-ty= At a3l G4 Ao daly) daud

17
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.Instantaneous velocity

The average velocity of a particle is defined as the ratio of the
displacement to the time interval.

_ A
Sy

The instantaneous velocity of a particle is defined as the limit of
the average velocity as the time interval approaches zero.

.
=hm —
a0 Af

_dr
dr -

=1

The unit of the velocity is (m/s)

The average acceleration and Instantaneous acceleration
Sl UJ\ Ll m,m 25 Jara O)ld v, @,A\ cils 4.\1.6.\3\ e g vy Ayl
Average g i) ugia gl Acceleration gluill awly cisy
$ Instantaneous acceleration Batl g luall g8 <Acceleration

L) e Adaatl) de
18



'ratlo of' ofa partlcle‘ls def‘lnned as'the acceleratlon average The
interval the change in the instantaneous velocity to the time

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.

(the unit of the acceleration is (m/s(’

(£) b16lrall
A> 19 dad 2 dS |

19



One dlmens onal motlon w th constant acceleratlon

constant ALl Adaall 4S5 Ladic Jagd ellig aaly a8 ASad) V) Gupdia
Instantaneous Agdaalll Alaal) ¢ e Aladl s34 L8y .acceleration

Q1M dasiiy . Average acceleration dasll Jawgia g9l acceleration
A Al VA gluda eV aay aBUE g S o L) ds ) ()l

—r A gl o Ll dlld oo g
Instantaneous acceleration = Average acceleration

-1_.1_-1;0
-1
=]

ad = dgye =

Let t, = 0 then the acceleration

1:‘_1:‘
a= 2

I

or
V=V, +at
G pull o) (i 138 5 (el e aiat ¥ de pudl b jiea (5 b Alaall S 1Y)

Al A8l Aaleall 3 gan e aa IS o L Jaa Aglai¥) de ) 5 sl Ailgnl)
As s 3y

20
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ey dspuad) JuliS 3 -5m/s” Wylale A5l Aae il oMef JSi sy
Al g8 5m/s

Since the velocity varies linearly (43) with time we can
express the average velocity as

v+v
Irgvn - 2
2

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

1-'+1-‘D\II

Ax = vy At = [
2 )

or

1
X=Xp+ = (Vo) t

F

21
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Also we can obtain the following equations

X=Xp+ Vot + = at?

e

Vo=, + 2a(x-x,)

Ao ghaial) Adlucall (g gl (X-Xo) A shaiall Adlucal) () Jaadl Aiylad) Aalaall (4
ALY el Aais A8lucall ) A8LGYL Vot aad) gag Auiany) ds ) Ao
A Aalaall agan (e aa IS ol 1/2at? Daleal) ca LAY aal) @ R 1y
(M) A8lesa gy

dspad) (g gluds s ghaiiall ABlusall 1B i (g gles Alaal) cuils 1) adf Laf By
) A
X = Xo = Vol
5.5\ A ghalal) Ablucal) ()9S5 e (g gbaats Al ¥ A paad) il 1)
X-X,=1/2at?

Application of one-dimensional motion with constant
acceleration (Free Fall)

Al lgaudl constant acceleration 4sll Adaal) o dalgd) cliubil) (e
La ) dndlal) Uae o dua g A ¥ Luilal) Adae 46 @t Free fall
350 olad) B Laily Wgaladly ) o (e Bagaaa culeliny) o L 45,0
Y Sl X el it e AGlad) a ) el alaal) aladiad ofay Ay (oY)

22
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rror

V=V,-0gt
Y =Y, + 1/2 (Vv+v)t
Y= Vot Vot-1/2 gt
V= V,” - 29 (Y-Yo)

1 |

Yy

N

1:=-18 Bmls

I
IL 7

N

[
C
[
[
[] 11
{
[
[
[

A
1 Example

A stone is dropped from rest from the top of a building, as
shown in Figure 2.4. After 3s of free fall, what is the
displacement y of the stone?

23



S .
£ Solution

From equation
Y= VYot Vot-1/2gt
y=0+0- (9.8) x (3)° = -44.1m

A
1 Example

A stone is thrown upwards from the edge of a cliff 18m high as
shown in Figure 2.5. It just misses the cliff on the way down
and hits the ground below with a speed of 18.8m/s.

(a) With what velocity was it released?

(b) What is its maximum distance from the ground during

its flight?
W
¥ Solution
JQ_ Lety, =0 at the top of the cliff.
*_— -ﬁL
4.00 m /\ (a) From equation
- 2 2
S VS =V - 29 (¥-Yo)
o I‘*m;\,* (18.8) % = v,” - 2x9.8x18

Vo> = 0.8 m/s

(b) The maximum height reached by the stone is h

24



Example

A student throws a set of keys vertically upward to another
student in a window 4m above as shown in Figure 2.6. The
keys are caught 1.5s later by the student.

(a) With what initial velocity were the keys thrown?

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

(]

™ _
£ Solution

(@) Let y,=0 and y=4m at t=1.5s then we find
Y= Vot Vot-1/2 gt

4=0+15v,-4.9(15)°

Vo, =10 m/s

(b) The velocity at any time t > 0 is given by
V=V, +at

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

25
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Motion in two dimensions

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.

bi B acal) dady Laic ol aaly sy B ASad) Gilad) Juall) B Lo
SN Qi <Y saa B b Ungho paa) Jaoy o o X Jsaa o auiiona
AP (o8 dun cliglial) A a Jha X,y (re IS A sl i (B pen Aa
Y ssaally X Jgaall olad) A (S pa As el

Motion in two dimension with constant acceleration

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=x.+v.
I v

26
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Where >Z Y, ”and r change with tlme as the partlcle moves

The velocity of the particle is given by

_dr _dx. dy .
= + L __.F
a'ar dar dt
V=vel + vy

Since the acceleration is constant then we can substitute
Vy = Vyo + 3yt Vy = Vyo + ayt

this give

V = (Vxo + axt)i + (Vyo + ayt)j

= (Vo I +Vyo J) + (ax 1+ ayj) t

then

v=v,+at (***)

) (g t ddaa e S and Aoy O gl (FFF) Aalaadl (e
Aaliiial) Al Cpe Al A dly AN Ayl alaay)

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

X=Xo+ Vot + 12t & Y =VYo+ Vyot - 1/2 8, t?

but

27
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r—X|+yJ

r=Xo+ Vo t+ 1/2at?)i+ (yo+ Vyot-1/2 gt
= (Xo 1+ Yo ]J) + (Vxolt Vyo))t +1/2 (axi+ ayj)t 2
r=ro+vit+1/2at’ (#H#H)
ALY aaal) oo Ble s 11, Al daia of il (FHH) Do) (o
dadiiial) Alaal) e A3l AapYlg Vot Adlaid) dspud) o galil) dafiy) Aadial
AR at?
Projectile motion
(Ot B ASall e ALY o Projectile motion cildgiiad) dga s
Ay A8 AaY) yaal cildgiiall ASal) i ales Aoyl ashi Cigus
ALY eyl BA (e Aaally Ayl

v

Example

A good example of the motion in two dimension it the motion
of projectile. To analyze this motion lets assume that at time
t=0 the projectile start at the point x,=y,=0 with initial velocity
Vo Which makes an angle 8,, as shown in Figure 2.5.

28
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z-':

=

then

Vy = Vyo = V,C0S 6, = constant
Vy = Vyo - Ot = VeSiNG, - gt

X = Vyo t = (VoCOS Ot

Y=V t-1/gti= (Vsindo)t-1/2 g t°

Horizontal range and maximum height of a projectile

It is very important to work out the range (R) and the
maximum height (h) of the projectile motion.

H = Maximum height

R = Range

29



To find the maximum height h we use the fact that at the
maximum height the vertical velocity v,=0

by substituting in equation

Vy = VgSing, - gt
_ % s
g
To find the maximum height h we use the equation
y= (Vesin@)t-1/2gt?
by substituting for the time t; in the above equation

g 2 g

I

2 sin?
p= ¥ &
2g

A A Cpdny B daidl awad) 4] Juay £ L) ol Bad)5aY) ((Aslaal) (e
13 Dhesa 380 jadl) prha o culigiiall old dgleg dpdlal) Uae o cldgidall
oL JSA) B LS pa ) plaa o Ade s gl s

Mzon
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Example

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?

o

Solution

Consider the vertical motion
Voy =6 M/s

a, = -9.8m/s2

y =20m

To find the time of flight we can use
Y=V t-1/2gt°

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

y =-20m
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20=6t.12 98¢

t=2.73s

Consider the horizontal motion
Vy = Vyo = 8M/S

then the value of x is given by

X =V, 1=22m

32
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Example

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

b

" Solution
Vy = Vyo = 16m/s

X =32m

Then the time of flight is given by
X =vt



To find the vertical height after 2s we use the relation
y=V,t-1/2gt?

Where vy, = 12m/s, t=2s
y=4.4m

Sincey 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 = Vyo = gt
vy = -7.6m/s

Since the final velocity is negative then the ball must be going
down.

(1) 5 16lrall

Motion in Uniform Citcle

Motion in Uniform Circular Motion
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Example

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

(@) Since r=0.4m, the particle travels a distance Of 2zr =
2.51m in each revolution. Therefore, it travels a distance of
12.57m in each second (since it makes 5 rev. in the second).

v=12.57m/1lsec = 12.6 m/s
®) a.=2 =12.6/0.4 = 395m/s?
.
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Example

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
round the bend. The radius of the curve is 150m. Compute
the acceleration at the train.

v

Solution

—: A M/s Basg ) KM/h Basg (a Ayl Jasad cung

S0km / h = [5[:_\‘[ 0’ m\‘[ 1 )13 50m/s

h ) fom )\ 36005 )
O0km [ h = [gﬂ_\{lry ”ﬂ[ 1 L?Sm_ﬁs
3600s )

when v =13.89m/s

=" - =1.29m/s*
150

o =

vl 13.89
i

.'J P | _
a=2 =B85 - o 41w

¥ 15

a= ,Jarl +a,’ =J(1 20) + (—0.741)° =148m /s>
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The law of motion
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g_db mechanics Classmal 4-735,,“)-53\ ts,.'ls:\.d\ ejjﬁ e s Ade Q)-\JAS‘
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The concept of force

S5 s B L AANAal il £l e yall ge Aagl Uiba L Jala
S5O ) s o L gdy padd Jia Loy o i A atal) aluad)
Llaal) jgual) o Agldal) o qulish) Jia Aislu Ll Aasld) alual) o 568l
by gl i) o Jia Contact force pdile 5681 LAl 0y Jailal) o
Al Jia Action-at-a-distance s ce 558l il 098 o Sy (odia
cughalite e Qilad

It is not always force needed to move object from one place to
another but force are also exist when object do not move, for
example when you read a book you exert force holding the
book against the force of gravitation.

38l Aaaa (e85 Laie equilibrium g Qs 3 aily oSl amind) iy
i sl 4 3553l
It is very important to know that when a body is at rest or

when moving at constant speed we say that the net force on the
body is zero i.e. the body in equilibrium.
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Types of
force

| | | | 1
Mechanical Gravitational Electrical Magnetic Nuclear

AGall ¢igad ¢l At i L8l 8 Augly
Newton’s laws of motion
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.

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.

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). A consequence of the third law is that forces occur in
pairs. Remember that the action force and the reaction force act on different
objects.

Newton's first and second law

M@ﬁ@ww """_,.d\ ?LUAAY“\-“AO:JA.\SJJY\ uym\cjuu
¢ Laula 38 Lle i AN aleall paidd SBY (ign gl Ll AL
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where m is the mass of the body and a is the acceleration of
the body

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

(N)
O g ?Sl.a.\l l.a.usz" C g Sﬂ\ 8433 Chba A§3
Zf =0 Newton's first law
Z}: =ma Newiton's second law

1)

a=1/2m/s?

JE Alaad) old 2] 5g8 gl aa inial) aiay ALSY cuafy 13) o3ef Sl B
Sdalll latay
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i Example

Two forces, F; and F,, act on a 5-kg mass. If F; =20 N and F,
=15 N, find the acceleration in (a) and (b) of the Figure

L 1 F: F:
F, e » Fy

(a) (b)
i Solution

(2) XF = F; + F, = (20i + 15j) N

2F=ma ..20i+15j=5a

a = (4i + 3j) m/s® or a = 5m/s’
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“(b)  F,=15c0s60=75N
Fay=15sin 60 =13 N
F,=(7.5i+13j)) N

Pl b=

F=F,+F,=(275i+13j) = ma=5a

a=(55i+2.6j) m/s®> or a = 6.08m/s?

Newton's third law

il 13) Adl G alaal) ¢ Aalgial) 348l Jo ¢igall CUEY (o gIEY Latdy
e Gudly % JilBally QUSH (18 dlay 4ad i QLS (Sl Le aa Ao 348
LouSlaal) olad¥) By dlay o 58l
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Weight
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W =mg
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> F=F,-mg=ma

where a is the acceleration of the elevator and the person.

saa) daiy Luic L dmge a Uaal) 558 AoV ) aad) dady Laie
Al s a ld Jaudd
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F, = mg+ ma when the e]ea ator moves upw 11d

F,, =mg—ma when the elevator moves downward
Tension

f&d&\dhw@\&suﬂ\oﬂ\uud&m[ywmm
s JSAl B el (N ddaagy T 3a)l W Jasmg Tension addl bgé
JSAN Ao Wagaat Adis g Akl 598 (e Adlid

.
ol
T rqat

B Example

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

46



} '(a) Treatlng'the two'blocks as a compos,lte‘system calculate the
force F that will accelerate the blocks up the incline with
acceleration of 2m/s?,

mg

We can replace the two blocks by an equivalent 5 kg block as
shown in Figure 3.3. Letting the x axis be along the incline, the
resultant force on the system (the two blocks) in the x direction

gives

YF,=F -Wsin (37°) =m a,
F-5(0.6) = 5(2)
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I Example

The parachute on a race car of weight 8820N opens at the end
of a quarter-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?

.
EJ.I.'-.\

Solution

W =8820 N, g = 9.8 m/s*, v, = 55 m/s, v = 0, Xs - X, = 1000
m

m = W/g =900 kg

Vi2 = Voo + 2a(X - Xo),

0 = 55° +2a(1000),  giving a=-1.51 m/s®
>F =ma = (900 kg) (-1.51 m/s®) = -1.36 x 10° N

The minus sign means that the force is a retarding force.
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Force of friction
o dami alual) of Gk dliy dlKiay) oo dalil) 58 Bylu Lleaf &
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f=puN

Coefficient aud AsSad) dl<ia¥) Ala Ay cAlSiaY) Jalaa and p
Coefficient of _rawd Syal) diia¥) Dl b W g <of static friction

.Kinetic friction,
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Motion
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Evaluation of the force of friction
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Case (1) when a body slides on a horizontal surface

Jo= WV
Since N=mg (Jad Jei) b o L) —

o

= . mg
mg

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

S = mN
Since N =mg c0os0 (Ja Ja 3 5 L)

Ji = Wy mg cosO 6 Xl
NN

.
EJ.I.'-.'\

Two blocks are connected by a light string over a frictionless
pulley as shown in Figure 3.14. The coefficient of sliding
friction between m; and the surface is pu. Find the acceleration
of the two blocks and the tension in the string.

L
e I

I Solution

Example
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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.

2F.(onmy)=T-f=mja
2Fy,(onm;))=N-m;g=0
since f = uN = m,g, then

T =my(a+ug)

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 =-msa = T =myg-a)

Solving the above equation

mp(a+pg) - my(g-a) = 0
_ [m: — ,Lml}
a=|—2—""llg
m, +m,

The tension T is

.
M., — LN ., (1 + 1

T=m |[1-—=—""L|g=—"1 ,(1+/0g
m, + m, m, +
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e Example

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.

) Solution

Given m = 3kg, 0 = 30° X=2m, t=15s

x=1/2at®* = 2=1/2a(1.5)° = a=1.78m/s’

mg sin30 - f=ma = f=m(gsin30-a) f=9.37N
N -mgcos30=0= N = mg cos30
f=9.37N

w=F/N=0.368

Vi = V2 + 2a (XX )
54



then

v=2.67m/s
(1) yalaall

43lally Jrdl)

AND ENERGY WORK

daghal) b 4B g Gua e lyhdl) ale 8 Tan age ABUally Jidd) aggda o
4l Mechanical energy 4sSsilSual) 43lall Jia Adlida jgua b
Chemical 4duiliast) 48Wally <Electromagnetic energy aswlaliza s <l

-~

Nuclear 4454l 43Ually Thermal energy 4yl 4dlkally cenergy
Al A osly AT ) g8 e Jgai Adlidal) Wy guay A8 o) energy
Bl ) i Ayl b Adjiaal) Aleast) ABUY) Miad A5 40 A3l
gand lan aga ALY cgat Ay At Al ) Ly say J gl Ayygs
sl
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Force

Work

Energy

Ala g oA (i) aggde rdags Cige Ll A8 g oudaga Jolini of Jid oSlg
LABUallg 548N i La Juagll

varying syiia 38 (gl constant force &l sgd e aili ¢y 9S8 Jadllg
Gl 1 B e gl DS i iy (fOrce

Work done by a constant force

Ala 38U Cigw Uag (F 858 a0 cas s Wyylata dafj) oty pd 3529 i)
sl g L gsba AalY) Aty 858l Anta o gl (<8 Lasic Anpusy
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The work in this case is given by the equation

W=Fs

Aal) olad) e Aygly Jans daliiia 36

F .. E -
s P F F
i ;
X = | ¥
?'._,.' v “‘ % ___-"s. g | = . _‘.(-"\.t; A
0 4 oy 0 Q=L Fcos f) (0 ——— Fcost

[ S $

| (a) " () H

The work in this case is done by the horizontal component of
the force

W =F cos0 s

The above equation can be written in the directional form as
dot product
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The unit of the work is N.m which is called Joule (J).

Example

Find the work done by a 45N force in pulling the luggage

carrier shown in Figure 4.2 at an angle 8= 50° for a distance s
=75m.

Solution

According to equation above the work done on the luggage
carrier is

W = (Fcos@) s = 45 cos 50° x 75 = 2170J

Work can be positive or negative

Important Notes

I t
¢ The object must undergo a displacement s. — @‘

¢ F must have a non-zero component in the
direction of s.

¢ Work is zero when there is no displacement.

¢ Work is zero when the force is perpendicular
to the displacement.

displacement or when 0<68<90 as in Figure ,
¢ Work is negative when F is in opposite
direction of displacement or when 90<6<180 as|| | =————

in Figured.3(b).

¢ Work is positive when F is indirection of 1
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Work done by a varying force

Lasic A5l aa Jalail) (b Use buy g o) 2 9gda aladiindd of gl 1S3
10N laya daliiia 58 0 (ki Usa dlid padagily cAaliile & SRl (S
Ay ol Al X=25m ) X =5m (s Al dadd aua Jo iy
(Sl B LS AafY) jgaag 8RN ) saa anyd Liby dlld Jiaily 20m Wylada
X o934 (@l aliens i & BN (0 e< ALllg

F A
Work = F 5 = 10x(25-5) = 200J
10N - . b3 adel) Gad Aaleall (5 5 134 g
.20m alghy 10N az s o Jeiceall dabe

5. 1l0 x
A JSA A e 9a LaS A DA Bpita Bl 08 Al A L
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5 dx 10 x
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AW = F Ax
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W=2ﬁ.ﬂ:f
s Jand S jiall ) Jass s gl o e sal AX AaY) Jaa disg
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W = Idex
(Fx=F c0os@ ¢ aY) Jaill dalal) §,5uall A o032y

W = fF.dx

Work done by a spring

61



O b ) Je

R T T e T e I T P P P e T I

g _1.:.__.¢..L~.=.~Sprmg.£_p}|_)_~_~.,;

J.J..I FRIEY “5 :ﬁ.‘.l | \.1_& Y '~'EI s PPy
Hooke's e 88 sas S g il aat
Jaw

F.=-kx

-
1... Ct

L'.._Iat._fl,;_ﬂJ_JJ _‘__ h'b-k
X 4al '-'EI:._*._I e, n_ﬂ _)-|':'"'_';-I _1.1:.

'

Work done by a spriug:

Y
it
bt

i
A3

W, = Wam_so + Wo_sum =210

i
b
£

i
A3

T s ]

A ) g aandl Sl ] Joheall JaZh oy i,

._Li.ﬂl;_g’a...ux_ﬂ Al Xy e il 5 A
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Work done by an external agent:

IR e }Jm il @ s sdaall el

X Xm ___.‘.! x=0 Y sday .;Ly__). Saiall I;a...q..‘.l

"
s

i ’1:"11::-1:::1 R?Cm
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Bial) 4l o JUaS il Jasipe s dal)) Jalie gy 4.5 Gilead) JSA)
Jsdual) JRil) lualy AalY) o ae a il A la ) 55800 O dua
)& 848l o el Xm0 () Xi=Xm ¢ bl sy My gadd Aaulgy

£

ol LS‘ Fs <uiil) 568 gsbud |:app
Fapp = - (-kX) = kx

The work done by the external agent is

W, = TF@de = j;m: dx = %hm
0
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Work and Kkinetic energy
Ua Liajd M . 4a)la 568 ade <l 13) &bty aadl o Aiglas e al A Lalas
Gadiliy X saaoladl & F lajlaie dakiiia 588 ) Gty M ASLS s
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F,.=ma
Alad) ol A Jsdall Jodd) GldS A awad) LgSad Al A< daly) cuils )3
Aalaally any
W=F,s=(ma)s

6 Adae a6 e ﬂ);ueua‘pmhuujuw\g

1
§= E (vitv)t & a=

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

K = 1/2 mv?
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This means that the work is the change of the kinetic energy of
a particle.

W= AK

Of Ofar AK Ajal) ddla & yadl) oSlg Aunga Laila K ASjal) 4dUa o JaaY

Lia o Lage of Wlu ¢s8;

Example

A fighter-jet of mass 5x10*kg is travelling at a speed of
vi=1.1x10"m/s as showing in the Figure. The engine exerts a
constant force of 4x10°N for a displacement of 2.5x10°m.
Determine the final speed of the jet.

F % F
: - | m—
1 s
>
Initial kinetic Final kinetic |
| energy =5mug° energy = 5 m v° |

L

Solution
According to equation of work, the work done on the engine is

W = (Fcos@) s = 4x10° cos 0° x 2.5x10° = 1x10™J

The work is positive, because the force and displacement are in
the same direction as shown in the Figure. Since W = K; - K;
the final kinetic energy of the fighter jet is

Ki =W + K;
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Power

The power is defined as the time rate of energy transfer. If an
external force is applied to an object, and if the work done by
this force is AW it the time interval At, then the average power
IS:

AW

Pape = —
Af

The instantaneous power is given by

P —tim AW _dW
ars0 Af ar
p- W _p %
dt dt
P=Fuv

The unit of the power is J/s which is called watt (W).

Example
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A 65-kg athlete runs 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, (a) how much work

does he perform and (b) what is his power output during the
run?

_—

20

U,
Solution

Assuming the athlete runs at constant speed, we have
Wa+ 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

Wpa =-W, =+ mgs(sin®)
= (65kg)(9.80m/s%)(600m) sin20°

(b) His power output is given by

At 80s

()*) 6 olaal/

Potential energy and conservation energy
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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.

.//1 - HR__’Q
Wrg(along 1) = Wpg(along 2) P,

2

—

The total work done by a conservative force on a particle is
zero when the particle moves around any closed path and
returns to its initial position.
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P e
Wpgl(along 1) = - Wpp(along 2)

I'ypes of forces I

Conservative force Non Conservative force

Work independent of the

Work dependent of the path
path

Force of Gravity

Force of Friction

) pdaga (e ann JBS aind (Aliblaal) 5RY Ao Yl Luda ) Lpilad) 38 e
BoRl) Ao adiny Jodsall Jadd) (b JATIMQ Aglal kS G AaBY) ey

oudi g Algdlly Alagl) Adai ils DA jlesall o Jrdd) aaing Vg cAlgdll
Dha 058 il olb pa ) phaa o g Y

-

x5 2o jlsal) o aaing ¥ Jadd)
W, =-mg (- ) pa ) i) g oY A) pdga ¢

adadla g b gh
A

ki e adiay Judd) of Cua Abla 58 i3l A la S B4l ofy LS
JRa O i) Juadll B LlaaY 8 ¢ jlual) o aaday Yo Jakh A lgil)y 4ol
L (S Cun ALl 508 sl A (B hiea (ggbony iil) Dnilsy J siaall

o) AT LY Bagall o Aglgdl) Al
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When the work done by conservatlve force we found that the
work does not depend on the path taken by the particle.
Therefore we can define a new physical quantity called the

change in potential energy AU.

The Change potential energy is defined as

AU =(-W)=U, ~U, =~ F, dx

cad aa dad 13 o8y ASal) Al B aal) g glay Jrdl of Wl Uale
Aaing U Jadd) Gl 3asaa daf) Apa ) p3lal) Alae 38 Jia Aliblae 58
Jrdll ¢ J gl pobiiai ¥ Uy . el o aaing Yy dlgilly dpdagl) ik o
b (oo Lo ALS ady (el Jgla 13 ek AS Al Ak A sl g gl

08 Cpma gL ) BTN 3 Liglaa Liage Sacd Sl i) 13 )d
Mgh J3 43 acall B3 dgag G oSl ASal) olad) B Lgtdy A 3481 oY
— 0,08 Llla SadMgh Jadd) 130 Aaly) olad) puss b (4d)s) 43gd oY &llly
@A) A A e Ay a0 die aad) LgaaiS) ) adagll Adla oy il
(A Apilad) Uae 58) Aablaa 5gd 5l cias

Conservation of mechanical energy

AJAJUAJMAABM‘,&JJMPAXMIAAQQJAU cad Fy, Jadd) ol
Jodsal) avall dSja A8l & sl (g glowy 89811 Adauilgy.

W =AK =-AU

AK =-AU
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This is the law of conservation of mechanical energy, which can
be written as

Ki + U; = Kf + Us LLaw of conservation
mechanical energy

Total mechanical energy
ol auzagl) d8lag Al Adls pan Jualay 48l Agulpal) AbUal) il

F=K+U

.
.
;
! et

a9 AU gadl) o Al Bl o Bliad) o5l 4lS (e L
Ei = Ef
Law of conservation 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
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K =W, + Wy
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WWNC a4 Jay Aiblas & o 5b Aaulsy Ygdea
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A al) Bl il (g gbuy Adiblae & 558 Adaulgy Joduall o) o)) ay 1A
gl ABl B el ) dBLayl
Whe = (KetUy) - (Ki+ U))
Wi = Ef - E

Jadd) o Ao paly iy ABlally Jail) cp ABDall alad) ¢ gAY Jiay 3ag
Ailal) ABUal) B SY pal) g gl Abblaa & 5g8 Aaulgs J sduall

%ﬁ Example

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.
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?ﬁ. Solution

Wi = Ef - E;
Whe = (KetUp)-(K; + U))
-fs=(1/2 mv* +0) - (0 + mgh)

OSay Bay Al | glidall ?"‘“ﬂ 3,\51.@_'\3\ de ) Aaa) OSay Adalaal) s34 (e
(YY) bsyblexoldl
The law of universal gravitation

alad) Gial) ¢4

bgho g AdS By sgiall Ayl ) dry aladl Agdlad) g3 (g allad) aulay Aalinl
o il S BN o ) Guasid obad cad Laili olS Lady Ay o dalin)
O Wagl gy o) ) el Gulad Al B8N Ludi A ()Y e et
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Newton’s universal law of gravity

Newton’s law of gravitational state that every particle in the
universe attract every another particle with a force proportional
to the product of their masses and inversely proportional to the
square of the distance between them.

therefore,

mym,
G_ 1 &

where G is the gravitational constant, and it is equal,

, N. FH

G=6.67Tx10"" ——
ke~

To right the force of gravitation equation in the vector form we
make use of the unit vector r;, which has the magnitude of
unity and directed from the mass m; to m,, the force on m, due

to my is given by
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BoRl) ()l liS . A6 ALl LAl o AW ALY e Gdadi g8 A 4 F ol
OB oallal) Ss By Al ALY 5L o ) ALY e qdad) 5\ F
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Fo1=-F1

M ASS i G Adalial) 3681 alagy (rigall alad) Gudad) ¢ gild aladind (Say
Sl B 5385 Ll o Ll ¥ 5,80 ALS aa Jaladl) aly Ung cAaca 1 580
38 alad) ial) 518 (98 amal) A G S (e Adlesal) quualy

where M, is the mass of the earth and R, is the radius of the
earth.
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Three uniform spheres of mass 2kg, 4kg, and 6kg are placed at
the corners of a right triangle as shown in the Figure.
Calculate the resultant gravitational force on the 4kg mass.

E " Solution

Fa=Fa +Fs

The force on the 4kg mass due to the 2kg mass is

m,m
_mm,
Fyp=G J

=
F

Fy

4x2
F, =(6.57><m‘“)3i2j

F,,=593x10""j N

The force on the 4kg mass due to the 6kg mass is
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4

6

F =—(667x10™) ; i

F..=-10x10"" N
hence,

F,=(-10i +5.93j)x107"' N

F,=116x10""N & 6 =149°

?ﬂ' Example

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.

aM

M
P
o

-y

?ﬁ. Solution

Al Ao cpifigall oigll) o8 m AN AN o el sl (S S
Ghaky 1y olad¥) B aslatiag il B oy glacia LS o) cuay AN
Sea) ALY e qullyg Mt g M (pilich) ¢y AL ALSY aulaga 058y Ladis
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|:m2 = le

d-x° (2
4 1
d-x° (1)

4M M
m G m

Solving for x then,

X =d/3

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
W=mg=G—
R

-]

Therefore the acceleration due to gravity can be found as

g=G—;

/8
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Substitute for the mass of earth M = 5.98x10""kg and the
radius of the earth R, = 6.38x10°m

< 24
=6.67x10" w— 0.8m/s°
6.38x10°

=G Mi

R
oSN il gl e A oM g M NS G Andlad) 5B o) SN o g Ui
Aaa ) i) Aae el o oS AUl action-at-a-distance ;¢
Adlal) Jlaw iyt ¢Sayg gravitational field duilad) Jaw il Ao
Ailad) Jlae 8 asagall aad) A o 5)isall 5gRN) Lgaly A )

F GM, .
g=— —>  g=——==7
m ¥

Aadla G2 38 8 dada) Agiladl Jlawe of Ao Ja Al 85U 1

For a body of mass m a distance h above the earth then the

distance r in the equation of the law of gravity is r=R.+h
Mm  Mm

F=G £ =G_—_—"=_ _
re (R, +h)"

and the acceleration due to gravity at altitude (g i) h, is given
by

rt (R, +h)*

oo phaw 08 £ N Bl ae J8S Apda ) Apdlad) Alae of I3 (e il
A 1 eSS Latie [l 0 6STy

Gravitational potential energy
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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,

¥e

AU=U,-U,=—|F(r)dr

When the particle move from r; to ry, it will be subjected to
gravitational force given by

Substitute in equation 8.12 we get
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Aalal) el 5l (s i ) s
dr

e

.
=
Tt

U, -U,=GM,m)|

K

1
=GM_m|——
F

Hence

-

1 1)
U, -U,=-GM_ m L—— —

reo

Take U;=0 at rj=o0 we obtain the potential energy as a function
of r from the centre of the earth

GM _m
U(r)=- z

The potential energy between any two particles m; and m, is
given by

Lase il e ( Aalial) gl A8l (o)) 5,881 Ualaal) (e i

e fon LS il Agdladl 868 o s (b Lagy ALualdl) ddlucal) pa

Lagi A8Lewal)

Aadlad (5 68 Laila Lagin Alaliiall 5 8l Y Al Gpaneas (s a1l Bl ) 55

Binding energy L il &8y (pava g g sl A8l e Gl o (S
For more than two particles the potential energy can be

evaluated by the algebraic sum of the potential energy between
any two particles.
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,
mm, WP, B,
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; " Example

3g

3g Sg

A system consists of three particles, each of mass 5¢g, located at
the corner of an equilateral triangle with sides of 30cm. (a)
Calculate the potential energy of the system.

?ﬁ. Solution
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3%6.67x107" % (0.005)"

—_167x1074J

U =
total 0.3

(VV¥) 6. 106lxall
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.

E=K+U
1 5 GM
E=—mv: — m
2 Foox

From Newton’s second law F = ma where a is the is the radial
acceleration therefore,
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Multiply both sides by r/2
1 5 GMm
—m =
2 2r

Substitute from equation ** into equation *, we get

Fe GMm GMm
2r ¥

The total energy for circular orbit

E--gim

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.

Escape velocity
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Suppose an object of mass m is projected vertically upward
from the earth with initial speed v; =v and r; = R,. When the
object is at maximum altitude, v = 0 and rs = ryay.

In this case the total energy of the system (Earth & object) is
conserved, we can use the equation

1 » GM m  GM m
—mv,” — =
2 RE' rmax

solving for vi* we get,
* Z2GM, 1o ‘
R

=] ma}.
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For the escape velocity the object will reach a final speed of v;=
0 when rp,.= o, therefore we substitute for vi=ves. and we get

. _ |26M,
(=15 R

=]

Note that the escape velocity does not depends on the mass of
the object projected from the earth.

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
Vesc (KM/S) Planet

86



4.3| Mercury
10.3 Venus
11.2 Earth
2.3 Moon
5.0 Mars
60| Jupiter
36 Saturn
22 Uranus
241 Neptune
1.1 Pluto
618 Sun

Escape velocities for the planets

tﬂ' Example

(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?

?ﬁ. Solution

?ﬁ' Example
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A spaceshlp is ﬁred from the Earth’s surface w1th an 1n1tlal
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 + Wnc = (K+Ug)f

1 » GM m 1 » GMom
—mv,” — +0=+—mv,” —
2 R 2 ol
2GM
v =y,
RE
1'f‘=1'f -V

2(6.67x107H)%(5.98 x10)
6.37 x10°

2 4,2
v, =(2x107)" -

Thus,
v, =1.66x10" m/s

?ﬁ Example

Two planets of masses m; and m, and radii ry and r»,
respectively, are nearly at rest when they are an infinite
distance apart. Because of their gravitational attraction, they
head toward each other on a collision course. (a) When their
center-to-center separation is d, find expressions for the speed
of each planet and their relative velocity. (b) Find the kinetic
energy of each planet just before they collide, if m;=2x10% kg,
m,=8x10*kg, r;=3x10° m, and r,=2x10° m
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; Solution

(@) At infinite separation, U=0; and at rest, K=0. Since
energy is conserved, we have

1 2 1 » G,
0==—my,” +—my, ——2 (1)
2 2 d

The initial momentum is zero and momentum is conserved.
Therefore

0=my, —m,v, (2)

Combine equations (1) and (2) to find v, and v,

G 2G
w=my ——— and v =m [
d(m, +m,) d(m, +m,)

The relative velocity is

2G(m, +m,
‘}="1_(":)=\/ (m, +m,)

d(m, +m,)

(b) Substitute for the given value for v, and v, we find that
vy = 1.03x10* m/s and v,= 2.58x10° m/s.
Therefore,

]. 2 a
K, =—my, =1.07x107]
2
and

1 5
K,=—myv, =2.67x10"]
2
Chapter 1
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1] Show that the expression x=vt+1/2at” is dimensionally
correct, where x is a coordinate and has units of length, v is
velocity, a is acceleration, and t is time.

[2] Which of the equations below are dimensionally correct?
(@) V =V +at

(b) y = (2m)cos(kx), wherek=2m™

Aaleal) Ja aag o aad A8,L) 48, k) udly

Ualaal) (a) Aagaua

alalaal) (b) dasaia

[3] Show that the equation v* = v,* + 2ax is dimensionally
correct, where v and v, represent velocities, a is acceleration
and x is a distance. The L.H.S has a unit of (m/s)*

The R.H.S has a unit of (m/s)*+ (m/s?) m = (m/s)*
L.H.S=R.H.S (the equation is correct

[4] The period T of simple pendulum is measured in time units
and given by

where | is the length of the pendulum and g is the acceleration
due to gravity. Show that the equation is dimensionally correct

u‘ 2139 g sbuill Aasaua Aslaal slag) yaad aay Gyl slaaly el Gl
daatl) Q\ S Juard H\J\
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‘ [5] 'S'uppose that the dlsplacement‘of a partlcle is reliated to
time according to the expression s = ct °. What are the
dimensions of the constant c?

oy%cj&gﬂlhhdtQadmﬁ\ubhﬂﬁ&g(xéiypualhhd\Q}SL;A
JshBang sy el ciplal) Basg! (s sbuam cylil) Basg o (C & MI/ST)

[ 6] Two points in the xy plane have Cartesian coordinates (2, -
4) and (-3, 3), where the units are in m. Determine (a) the
distance between these points and (b) their polar coordinates.

[7] The polar coordinates of a point are r = 5.5m and 8= 240°.
What are the cartisian coordinates of this point?

X =1 €0S 0 =5.5%c0s 240° =-2.75 m
y =rsin @ = 5.5xsin 240° = -4.76 m

[8] A point in the xy plane has cartesian coordinates (-3.00,
5.00) m. What are the polar coordinates of this point?

ARl ) A5l liaay) (e Jusadll ga Jlsed) (ra Ayal

F=J9+25=58m

T

-3 . with respect to the negative x-axis
0 = 121° with respect to the positive x-axis
(-3,55m = (5.8m, 121°)

[9] Two points in a plane have polar coordinates (2.5m, 30°)
and (3.8, 120°). Determine (a) the cartisian coordinates of
these points and (b) the distance between them.
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The'CarteS|an coordlnate for the pomt (2 5m 30 )
X=216m& y=125m
A =2.16i + 1.25j

(b) The distance between the two points is the magnitude of the
displacement vector.

B - A =4.06i + 2.05
IB-A| =4.5m B - A = 4.06i + 2.05]
IB-A|=45m

[10] A point is located in polar coordinate system by the
coordinates r = 2.5m and #=35°. Find the x and y coordinates
of this point, assuming the two coordinate system have the
same origin.

r=25, 0=35°
r=25, 0=35°
X=rcos35=2
y=rsin35=14

[11] Vector A is 3.00 units in length and points along the

positive x axis. Vector B is 4.00 units in length and points along
the negative y axis. Use graphical methods to find the
magnitude and direction of the vectors

(a) A+B, (b) A-B.
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}f+§‘=5

ﬁ—§\=s
0 =-53° 9 = 530

[12] A vector has x component of -25 units and a y component
of 40 units. Find the magnitude and direction of this vector.

Glabra (e Aadial) ae pghi Jlsud)
A = -25i + 40j

A= (25" +(40)* = 4Tunit

é 40
i f=tan” — =
Yoo 25

with respect to the
negative x-axis

—58°

[13] Find the magnitude and direction of the resultant of three
displacements having components (3,2) m, (-5, 3) mand (6, 1)
m.
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A=3i+2j
B=-5i+3j
C=06i+]j
ALY paally dlasal) 2o
A+ B+ C=4i+6j

[14] Two vector are given by A = 6i —4j and B = -2i+5j.
Calculate (a) A+B, (b) A-B, |A+B|, (d) |A-Bj|, (e) the direction of
A+B and A-B

[15] Obtain expressions for the position vectors with polar
coordinates (a) 12.8m, 150°% (b) 3.3cm, 60°; (c) 22cm, 215°

(a) 12.8m, 150°
x=rcos 0 =12.8 cos 150 =-11.1m
y=rsin 0 =128 sin 150 =-17.5m

A=-11.1i-17.5j
o sall daie dlaY Laliall (AL A8, phall (s padil

[16] Find the x and y components of the vector A and B shown
in Figure 1.17. Derive an expression for the resultant vector
A+B in unit vector notation.
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Figure 1.17

For vector A we have
A,=Acos0=3cos30=2.6m
Ay=Asin 0 =3sin30=1.5m
In unit vector notation

A =2.06i+1.5J

For vector B we have

By=0

By=3m In unit vector notation
B=0+3j

therefore

A+B=26i+45J

[17] A vector A has a magnitude of 35 units and makes an
angle of 37° with the positive x axis. Describe (a) a vector

B that is in the direction opposite A and is one fifth the size of
A, and (b) a vector C that when added to A will produce a
vector twice as long as A pointing in the negative y direction

(a) the vector B is equal to -1/5 A
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A = 28i + 21

B =-5.6i - 4.2]

(b) ThevectorC+ A=R

R = twice as long as A pointing in the negative y direction
Magnitude of A is equal to 35

R =2*35 =70 units

R = -70j

C=R-A

therefore

C =-70j - 28i - 21j = -28i -91]

[18] Find the magnitude and direction of a displacement
vector having x and y components of -5m and 3m, respectively

In unit vector notation
A=-51+3J]

The magnitude is

A=4/25+9=58m

The direction

3=tan-1i=—3r:r’*

with respect to the negative x-axis
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[19] Three vectors are glven by A 6| B 9] and C ( 3I+4j)
(a) Find the magnitude and direction of the resultant vector.
(b) What vector must be added to these three to make the
resultant vector zero?

A=6i, , B=9j , C=(-3i+4j)

The resultant vector isA+B + C = 3i + 13j

The Magnitude of the resultant vector is 13.34 units
The direction is 77° with respect to the positive x-axis

(b) The vector must be added to these three to make the
resultant vector zero is

-3i - 13

[20] A particle moves from a point in the xy plane having
cartesian coordinates (-3.00, -5.00) m to a point with
coordinates (-1.00, 8.00) m. (a) Write vector expressions for the
position vectors in unit-vector form for these two points. (b)
What is the displacement vector?

The vector position for the first point (-3,-5)m is
A =-3i -5j

The vector position for the first point (-1,8)m is
B=-i+8j

(b) The displacement vector is

B-A=2i+3j

[21] Two vectors are given by A= 4i+3j and B= -i+3j. Find (a)
A.B and (b) the angle between A and B.
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AB = AB+A,B,

A.B =-4+9=5units

(b) A.B = A;By+A,By

A.B =-4+9=5units

(b)

cos 0= A.B/AB=1/3.16 ~ -------- 0=71.6°

[22] A vector is given by A= -2i+3j. Find (a) the magnitude of
A and (b) the angle that A makes with the positive y axis.

(a) the magnitude of A = 3.6 unit

(b)
Gagall Y gaall (g Adn 8y geanall Aol dandy Jiamdls dgalall dniall aniyi
G55 Laie

cos 0=3/3.6 : 0=33.5°

[23] Vector A has a magnitude of 5 units, and B has a
magnitude of 9 units. The two vectors make an angle of 50°
with each other. Find A.B

A.B=ABcos 0
A.B =5x9cos 50°=28.9 unit
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[24] For the three vectorsA 3i+]- k B -|+2]+5k and C 2]-
3k, find C.(A-B)

A-B = 4i-j -6k
C = 2j-3k

C.(A-B) =0 -2 + 16 = 14 unit

[25] The scalar product of vectors A and B is 6 units. The
magnitude of each vector is 4 units. Find the angle between the
vectors

AB=6units , A=B=4units , cos0=6/16 , 0=
67.9°

Chapter 2

CMechanics. Kinematics
Qescription of Mation

1) An athlete swims the length of a 50-m pool in 20 s and makes
the return trip to the starting position in 22 s. Determine his
average velocity in (a) the first half of the swim, (b) the second
half of the swim, and (c) the round trip. (2) A particle moves
along the x axis according to the equation x = 2t + 3t°, where X is in
meters and t is in seconds. Calculate the instantaneous velocity and
instantaneous acceleration att = 3.0 s. 3) 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?

We have
Vo=0
v =31m/s
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= Lll7ms=Li7x107s
a="7?

from equation (2.11) page 50 we can find the average acceleration
a = 26500 m/s’

(4) A railroad car is released from a locomotive on an incline.
When the car reaches the bottom of the incline, it has a speed of 30
km/h, at which point it passes through a retarder track that slows it
down. If the retarder track is 30 m long, what negative acceleration

N
.
.
o

Vo=30km/h

N

V=0

must it produce to stop the car?

We have

Vo, = 30 km/h = 30*1000/3600 = 8.3 m/s
v=0

X-Xo =30m

a="7?

from equation (2.16) page 51 we can find the average acceleration
a=-115m

(5) An astronaut standing on the moon drops a hammer, letting
it fall 1.00 m to the surface. The lunar gravity produces a
constant acceleration of magnitude 1.62 m/s2. Upon

returning to Earth, the astronaut again drops the hammer,
letting it fall to the ground from a height of 1.00 m with an
acceleration of 9.80 m/s2. Compare the times of fall in the

two situations.
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We have

Vo, =0

Vv =77
X-X,=1m
a=1.62 m/s”

from equation (2.16) page 51 we
can find the average velocity|

Vimoon = 1.8 m/s

1m5

¥

[

We have

Vo =0

v ="7?
X-X,=1m
a=9.8 m/s’

from equation (2.16) page 51 we
can find the average velocity
Vearth = 3.13 m/s
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