Mechanics
Physics

The First Stage
First Semester

Vectors

Dr. Hanaa Al-Taay
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i .
i The branches of physics are divided into: !
* 1-Classical Physics !
i Such as mechanics, heat, sound and optics !
i 2-Modern Physics !
i Like quantum mechanics and atomism .
' !
i .
. Units and Dimensions .
i Units -1 !
’ Sainall b ade 3 3 (SI) bl AUl a claagll adiaal) Sl i
i (MkgSA) plsis Cipnss (1960) ple Gals b Gunlidly i e galad :
§ (Meter) Jskll  Length !
i (kilo gram) sy Mass .
* (Second) el Time !
i (Amper) LWl Current !
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and volume, each of which only has a quantity and no direction

: vector quantities dgaiall el .2

They are the quantities that define a whole designation by

mentioning their magnitude and direction, such as

displacement, velocity, and force, each of which can be shown

‘ i

i .

i .

i i

i Derived Units e i

i .

: ms! =M - i

S =— =—= °

i oo .

° 1 . | .

i Msz_Ms =4°)~J)M=M‘. !

. S ) i

i Kgm . M3 Kgm _ 29 _; Bi<l) o .
M3 i

i »

: Kgm . M. 872 = Juaail) x A<l = 5681 o i

i Kgm. M2 < Kgm . M. S2 . M = Zajjy) x §gill = Jadll e i

i s i
—2c-2 . ;.\

i KgM2s 3 = KOM IS8 _ 2 _ oy e .

i ol !

' '

i Vector i

i tlaa ey cpdia ) eljadl) 8 dulial) Apulul) Gl Caian

i :non-vector quantities (Aawl) dgaiadl ,& clugl .1 .

’ They are the quantities that define a whole designation by i

i saying only their quantity, i.e., they have no direction. !

i Examples include length, temperature, mass, density, charge, !
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by an arrow whose length is a vector and whose direction is

the vector's direction

umwwmu:’m&&uqhqﬂw\w}ﬁ

A

Unit vector 5aall 4ada

SENPNES IR 7 daaiadl e uedll ey 3aaly Basg o))dda 4ntia sa
r oY) JSAlh U saall

ﬁ:
A UA

Glgadall (ailad

> e olai¥ly laiall (it Legd IS 1) (paeaia (o) (gslasty . 1
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3 ) b oed Jalall ol dganiall i) adsy .
2 O gl gand) b LN Lgaiall el puads 3
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Components of Vector 4aiall «lsa

GlS e daiall G JA) ey L 8] ) (eadie gsana o)llie ) (Say 4xdia g1 ()
el e Al Lice ey Al 1S e il J3a 05 dind Laric
LS5 AlSs) BaaY) o) saslaiall clflaaY) Al sldiel a5 31 Al

Jlantin) Sy XY (sl s

X—axis,Y—-axis Y, X sl

Y opaalllatly SAVI X sadl olatl V) S0e (- assal dlay
c Gl e =L — Bl

Ay = Ax

- axidl Lagaan duala 1%
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)
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YIS 05 slall olatly Sangl leatie ANy = asial g ) e

— = Ux Ax + Uy Ay
A

t VS (55K saaleial) Lpula¥) slaall sansll (leatie o) Lalle GEY) 25 il
X = ynall olasly aniall 3asg
Y = ssall olail antiall sasg
Z— el olaily aniall 32ag

- =— 4+
A iAx  JAy

oS 1T X - axis JlaaYl; = 4aidll O Bypeanall gl (o8 0 <l 13
t ol WSy Ay, AX 4aiall LS pe alayl

Ax = A cos 0
Ay = Asin 0
Y
j
X
k i
Z
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Magnitude of Vector

DAl Laas |7| SA Solls = axidl 5 ey

A= |7| = JAx? + Ay? + Az?
: e ZY X Lulll) pladll e asiall cilSie A, Ay A il
oMe ) anll 1685 A5V 4Dl o axiall olal L)

A 1 A
Tan9=—y=>e=tan1 a4
Ax Ax

X-axis  Alaa¥ly A axiall fusyseanddl Ll & 0 Cua

Ex 1/ What is the serious axis and the direction of a vector
whose components are in the (=25 units) (x—axis) x- and
whose components in the (40 units) (y—axis) y—axis directions?

Y, X Slal] Al dadiall Gl je 4SSy

X = iAX + jAy
youl 251 + 40j
) el Jarlid antiall Hlate lual
A = |—>| = JAx? + Ay? 4
A < S
A=/(-25)2+ (40)2 =+/625+ 1600 25 units
s A =47 units
) sl Jaatiud 4ntiall olad) alay

Tan0-2Y 5 0-tan' 2

Ax Ax

-1 40

0 = tan

= 0-tan' (-1.6) = 0 = =58
5

ONlle OENe [ENe [ENe [ENe [ENe 0NN [ENe [ENe [ENe [OENe [ENe [Ne m!
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40 units !
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! i
Vector Collection «ilgaiall aea !

The directional addition of a number of vectors of a certain type 5

(force vectors, for example) represents the resultant of these !

vectors and is called the resultant vector. The vector addition !

process can take one of the following cases: !

o Logd ALaY) aanll dlalaad olai¥) ity Guilsia (leaiall LS 131 1

(Law of Sines) sl (5ilds Aaladll 028 e

!

'

i

'

i

i PN i

i > =>4 - .

. c A B A i

— >

i B :

; :gj ohax Legd ALV eall Alsbaad (pulaia Gleatal) IS 131 .2 .

* =>4+ (—)) - i

i A B A

: Rt B !

i - «— .

C ] .

i copeatiall cpn 3al) ) Loay) Aalaal) o3a i .

i Abiasall alagy ligyyla ligh O Augly Lagin (o) cpam A leaiall IS 1313 !

i s dgaial .

i - (leaial) pand &3 (g3l5ie Aigyka) an)ll ddyyk —a A

: . Aleall 45,100 .b i

i (Law of cosines) ala cuall (5l Jleatind o3y dnluall 48kl 4 !

i oy Aliasal dsial laie alayy .
C=+vA?+ B2+ 2A4Bcos0 :

i ;

i axiall (g Bygeanall Aol dad alagl PLA e Glld S dliasall o3l alagYs .

’ oLl i)l 8 LS ;,7 xeaiall (e ) g Adasll i

i c _ A _ B .

i sinf  sinB  sin#@ !

!

i
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Vector Product <lgadiall ¢ w2

Scalar Product sl qupall .1
L (= dot ) [Jp 2.2 ol 2, = Greatall o gaaall ol San
i pally L) Cagey
Dl e e Lgile Jswaadl (Sa dpaae a8 goaall il &l o
t ol LS Lagin By geanall Bl L cuns 207 Crgaiiall

—.—> = AB cos 0
A B

Some properties of numerical multiplication
0 =Zero = cos 0 =1 jia gl Gueatiall G dyghyl) il 1) L1
- = E) O ) Omsluiia Cneaiall (5 Ladie

A
5. 5=AB> 5 . 5 =AA=-A’= > 5 =A° .
A B A A A B .

laxie § = 90 = cos § = zero ) Cpaalaia Gleaiall oS 131 .2
oy L.,S\ Jall LUL.M Lﬁddﬂ\ Gpall 55

—.—-=AB cos 90 =0
A B

Ol BIS 4 Ay sluia cOS O

BT CA.AJ\ < c_g)).d\ 0P gaaall Gyl — 4

-, (—)+—>)=—>,—>+—>, -
Cc A B c A C B

T ) )+



X—LAx+]Ay+kAz 2 le+]By+sz

- (iAx+jAy+kAz) . (iBx+jBy+kBz)

ﬁ
B
7,; = AxBx + AyBy + AzBz

(ii=jj=kk=1) (i.j=i.k=j.i= j.k= k.i=k.j= 0)

FOneada o) Om Bypanall gl alagy goaal) pall Jleatinl (Say
. — = AB cosf = cosf = AB — coSf = AxBx + AyBy + AzBz
A B AB AB

Ex 2/ Find the angle between the two vectors

> =-1+j+ 2k and - =2i+ 3j-—
B A

—.— = AB cosf = cos) = AZ

A'B AB

:? = AxBx + AyBy + AzBz

=) ) +6) M)+ (1) (2)
> —>5=-2+3-2= —5,—- =-]1 unit
A B A B
=JAx2 + Ay? + Az%2=,/(2)? + (3)2 + (—1)2=
9 + 1=V'14 unit
>|=yBx? + By? + Bz2=/(-1)? + (1)? + (2)*=
V1 + 1 + 4=V6 unit

1 1 1
ViaV6  (3.7416)(2.4494)  9.1646
_ =-0.1091

N
A
_|_

V)
I
l

s COS O =

» 9 =cos™ (-0.1091)
® = 96.26
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Ex3/ If the vector 7 Vertical to the vector ;

Calculate the value of a where
— =2ai + aj — 4k
B

—»=ai—-2j+k
A

7 ) E> = AxBx + AyBy + AzBz

= (@) (28) + (-2) (a) * (-4)
=2a’-2a-4

Al =Va?+4+1=+vVa2+5
|IB| =V4a?+ a? +16 =+/5a2 + 16

yaires |A||B| Cos 90
2a’—2a—-4=+a?+5+5a2+ 16 cos 90
2a® -2a -4=0
Ra+2)(@a-2)=0=> W 2a+2=0

2a=-2= a=-1

‘9\ a_2=0$a=2

10
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Vector Product alaiy) qyall

L—%E’ X safla o, = Geeiall (o (AL oyl Sy
(—> CTOSS—))
A B

(o2al) cpall Adla 8 LS ddae 40aS L) 4ntia g Al ) &l

3acld i 4alan) u—‘-’UJ? ': Ceaial) S Lf;ﬂ\ 6 giual) g.s—“: (S 9s

1Ay dalaall ae PrLEp c’_m.d\ Q)
—-»=->X-> =ABsingU
C A B

L) Gl e 20l 5 aandd) slanh 3asgll astia Udia
Ee o= &= 7 5 2
C = |?| - |7 x E’l AB sSin 0 38l 4xidl 1 sk

Some properties of vector multiplication
ol e el Al saclE Cinay alanY) oyl Cagpl (g .
20 L.,S‘ Jdalal) o 4l —— Y L;MAEY\ @ pall

- X2 £-> X
A B B A
> XD =—->5 X->
A B B A
O Fmlia (=0 = Sinf =0) owlsie pleaiall K12
> X>=10 e (gsbun ALY Qi pall
10 g c-&;l\gtﬁjﬂ\ Qﬁm@@@w\ G pall 3

—>><(—>+—>) =2 X >4 -5 X =
c A B C A C B
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' I
i =¢Lu&sdmskshsfﬁ\he;;7wewocﬁd\m i
i Xx?=(iAx+jAy+kAz)><(in+jBy+sz) !
i L X = (AyBz — AzBy)i + (AzBx — AxBz)j + (AxBy — !
’ AyBx)k .
i .
i (]
i AN Cpeatiall A ol il Jid 3 5,a) Asbeal oo el (Sa .
* L_;La LS 2aa4l i
i Ex4/ !
i ik i j k .
- X->=|Ax Ay Az| =12 1 -1 .
i a8 Bx By Bz 1 -1 2 !
i >x—> = (D@ -EDED)E+ (EDO-@@)) + ,
i (@ED-O)k :
i S x == (2-1)i + (-1 =4) +(2-1)k !
* > X->=1i-5 -3k .
i A B
. PV L jlaie alag) (S dgatia duaS i) o i
! | x =] - J(DZ +(=5)2 + (=3)2 - VI+25+9 V35 units i
i (]
i .
i (]
i .
i (]
i .
i (]
i .
i (]
i .
i (]
i .
i (]
i .
i (]
i .
i 12 !
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Ex 5/ Find the parallelogram's area if it's opposite sides is

—»=2i+3j—-KkK
A
—=-i+j+ 2k
B
i Jj k
e 2 3 -1 =
-1 1 2

- (®@—1) +Di+ (D) - @@)j +
(@M - @ D)k
=(6+1)i + (1-4)i + (2+3)k
=71 — 3] +5k
By 2 X 2 Dl A &3aY) (g5 dalue CulS g
X7 =J?+ (=37 + (3
=v49+9+25=9.11 units

'
'
'
'
'
'
'
'
'
J
'
'
'
'
'
'
'
'
'
'
'
'
'
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Ex6/ Find the angle positions between the two vectors defined
as foIIows:X = 3i - 4j rée —-2i +3k?
A.B= AB Cos ©
A= /32 + (—4)2 =5
B= \/(—2)2 + 32 =3.6
A.B= (iAx+jAy).(iBx+kBz)
=—6
Cos ©= -6/18= -0.333
©= Cos ' (-0.333) = 110

Ex7/ You have the two vectors 7 = 3i — 4j ? = —2i +3k

Find the vector C=AXB?

i j k
C-AXB| 3 —4 0
-2 0 3

C=AXB=(3i-4j)X(-2i+3k)
—i{(~4x3)—(0x0)} +{(0x=2)—(3x2)}+k{(3x0)~(-4x0)}
— ~12i -9j-8k

H.W/ Find the angle between the two vectors

X=2i+2j—k
= =060 - 3j+2k
B

14
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