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אא 
אא 

Physical Measurements 

 

1 J1אIntroductionW 

אאאאאאא
Kא

אאאא،א
אאא،،

אאאKאא
W 

1 JאאFאאאEmeasurement units of dimensional quantitiesK 

2 JאFאאאאEunits dimensionsK 

אא،א
אאאא ،  ،אאאא

אאאאא،K 

،אאאאאאא
אא،אאאא،

אאFEאא،אW 

1 JאאאK 

2 Jאאאאאאאא،א
אK 
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3 Jאאאא
،אאאאאאאK 

4 Jא،אאאא
אאאאאK 

5 JאאאאאK 
6 Jאאאאאא،

אאאK 

2 J1 אאMeasurement UnitsW 

     א א J  Jא א   
   ،אא א אא   א  W ،א ،אא ،א

 א  אא ،א ،א ،א א א א  א
א     א א א     ،א

 א       ، אא א W
 ،א א א א  א  ،א ،א ،א ،א
 אא   ،א ،א ،א א ،אא

א א אא אא   אא K א א  א א 
International Systemאא،(SI)אאSystem InternationalK 

אאאאאאאא،א
 א א  א א      International bureau of 

weight and measures،א אא א ،
אאאאאאK 
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אF1 J1Eא،אאאW
אאאא؛F1E،

אאאKאאאאF1 J1E
אאאאא،אאאאF1 J1 JKE 

Symbol א (SI) Unit א Quantity א 
m  meter א length א 
kg  kilogram אאmass א 
s  second א time א 

K  kelvin א thermodynamics 
temperature אא 

A  ampere א electric current א 
cd א candela אluminous א 

mol  mole א amount of 
substance א 

אF1 J1EאאאאF1E 

Symbol א (SI) Unit א Quantity א 
rad א radian א plane angle אאא 
sr. א steradian א solid angle אאא 

אF1 J1 JEאאאאא 

אאאW 

1 J2 J1אאThe Metric SystemW 
אאאא،אאאאא،

אא א  א א אא F1 J1E، א  (MKSא

                                                 
F1EאאF6 J1EאF4 J1Eאאאאא،אאK 
F1EאאאאאאKאאF6 J1KE 
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system)אאאאאאא(Meter, Kilogram, 

Second)אאאKelvinאא،(K)K 

2 J2 J1אאThe Gaussian system (CGS)W 
א א א א ،א א א אא

אאאא،(MKS)א،
אאאאאK 

א א א Gauss، (CGS system) א  אא  
אאא א אא (Centimeter, Gram, Second)

אאאא(K)אאK 

3 J2 J1אאThe British System (FPS)W 

אאאאאWא،א،א،
אא(FPS System)אאאאאא

א(Foot, Pound, Second)،אאאאFahrenheitK 
אאאאא

 א  א K א    א א  (MKS)(CGS)
א  אאא א א אא 

אאאאאKאאאK 

3 J1אאאאInternational System Units (SI)W 
אאא،אאאאאא

 א א       א א א אF،א ،א
אEא אאא ،א אא ،

،אא،אאאא
       א א  א א  א 

אאKאאאאK 
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4 J1אDimensionsW 
אא،אא

א،אאא،אאאאdimensional 

consistency and units consistency{אא،Wא،א،
،אא،אא،א،א،אאא
אאאאאאW 

 

אא [K] א[L]
אא[A] א[M]

א [Cd] א[T]
א [Mol]   

אאאאאxz،א،
א،אאאאאאא

אאאאאאאאW 

1 JאאאאK 

2 JאאאאK 

3 JאאאאאאאK 

4 J،א(MKS)(CGS)K 

אאאאאא،א
א،،אאאאא،

،אאאW 

t
xv =  

אW 
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[ ] [ ]
[ ] [ ][ ] 1TL
T
Lv −== 

אאאxzא،אא،אא
אzLx،אאאzTxא(1)א،אא

אאאאאW 

[ ] [ ] 11 smTL −− = 
א،אאאאW 

)s/m(א(MKS)אא،אאא
אאאK 

F1 J1E
Application 

 א אאא אאא א 
 א אIsaac Newton  א ،     ،

אK 

אForceאW 
amF rr

= 
(m)א،)a( r،אאא

א)s/m(א)s(אW 
)s/m(

)s(
)s/m(

t
va 2===
∆
∆rr 

אא א)kg1( א)s/m1( 2א،
W 

)s/m)(kg(amF 2==
rr

 

،אא אאא א
אW2]T][L][M[ − 
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אא)s/m.kg( 2אK 

F2 J1E
Application 

،אאאאאא
אא،אאאW 

rFW rr.=  

)F(
rא)r( vאאאאא،א

،א  א  א א ،אא
،אא،אאאW 

)
s
mkg(

)m)(
s
mkg(J

2

2

2

=

=
 

א،א،אאאאK
א22 ]T[]L][M[ −K 

אאאא)N1(
א)m1(אא،אאאאא

אאK 
אאא

CoulombVoltא،אK 
א،אאאאאא

א،אאא
،אאאאא?אאאא?

Dimensions and units theoryK،א
אאFEאאאאא
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אא،אאא
אאאK 

F3 J1E
Application 

 ،א אא א   א   א א (m)
(ν)K 

אSolutionW 

אאא(A)אאW 
γβα TMCLA =  

א),,( γβαאאא،א
،אאCא א،א א  א

אאא،אאW 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= 2

2

s
mkgJ  

[ ] [ ]
[ ] [ ] [ ]γβα TML

LTM 211

∴

−

 

W 
α = 1,β = 2,γ =  -2 

אW 
2mv

2
1K =  

W 
)2/1(C =  

 א א א א א  א אא א ،א
F5 J1KE 
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Symbol 
א 

Prefix 
א 

Factor 
א

Symbol 
א

Prefix 
א 

Factor 
א

y yocto 10 -24 Y  yotta- 10 24 

z  zepto- 10 -21 Z  zetta- 10 21 

a  atto- 10 -18 E א exa- 10 18 

f  femto- 10 -15 P  peta- 10 15 

p  pico- 10 -12 T א tera- 10 12 

n  nano- 10 -9 G  giga- 10 9 

µ micro- 10 -6 M  mega- 10 6 

m  milli- 10 -3 k  kilo- 10 3 

c  centi- 10 -2 h  hecto- 10 2 

d  deci 10 -1 da  deka- 10 1 

אF5 J1EאאאאאאF1E 
Prefixes for (SI) units 

אאאאprefixesאאא(yotta)،
  א א א (yocto) Kא     אא  

אאאF1 J1KE 

אאאאא
 א   א   א   

אאאF1 J5KE 

 

אאאאא
א)( rε،אא

אאK 

                                                 
F1E،אאאאאא J J

אאאאK 



א 115 אא 

אא אא 
 

 J10 J 

אאאאאאאא
dimensional analysisאא،W 

F4 J1E
Application 

אאאאאאא
אאW 

t
d

)TT(
kAQ 12 −=  

אאאאW 

QWאאאאconducting heat،kWאאא
thermal conduction coefficient ،A W ،א  )T,T( 12 W  אא 

،אtW،אdWאאאK 

אSolutionW 

אאאJouleW 
 

אאא
א 
אא 

א 


Z
Z
Z
Z]L[d

]K[T

]L[A

]K[]T][L][M[k

]T[]L][M[Q

2

13

22

=

=

=

=

=

−

−

אאאא
אאאK 

2222

121322

]T[]L][M[]T[]L][M[
]T[]L][K[]L[]K[]T][L][M[]T[]L][M[

−−

−−−−

=

=
 

אאK 
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F5 J1E
Application 

א،אאאאאא
אאאאא)R()I(،

אאאאאא{
אresistive powerאאא،(P)K 

אSolutionW 

אאW 
232 ]A[]T[]L][M[R −−=  

אאW 
32 ]T[]L][M[P −=  

אאW 
]A[I =  

אא)P(אא،אא
אאW 

βα RIP ∝  

אW 

ββββα

ββββα

322

23232

]T[]L[]M[]A[K
]A[]T[]L[]M[]A[K]T[]L][M[

−−

−−−

=

=
 

אאאאא،W 

βα
βα

2
02

=
=−

 

[L]،אאאאW 
2β = 2 

  β = 1 
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  α = 2 

אW 

22

232

232232

I]A[
R]A[]T[]L][M[

]A[]T[]L][M[]A[K]T[]L][M[

=

=

=
−−

−−−

 

אW 
RKIP 2=  

W 
K = 1 

אאאא
אא(SI)א،F6 J1KE 

א
א 

אF1E
Dimensions 

אQuantity אא

2m  L2 א area A 

mol  Mol א amount of substance X 
2ms−  2LT −  אFאE acceleration a 

12 smkg −  12 TML −  אאא angular momentum T 

A A א current I 
2421 Asmkg −−  2421 ATLM −−  א capacitance C 

3mkg −  3ML−  אא mass density p 
22 smkg −  22 TML −  א energy U 

1sA −  AT אא electric charge C 

אF6 J1Eאאא 
א

א 
א

Dimensions 
אQuantity אא

132 Asmkg −−  132 ATML −−  אא electric potential V 
13 Asmkg −−  13 ATML −−  אאelectric field strength E 

                                                 
F1EאאK 
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א
א 

א
Dimensions 

אQuantity אא

232 Asmkg −−  232 ATML −−  אא electric resistance R 
1s−  1T −  א frequency v 

2smkg −  2TML −  א force F 
222 Asmkg −−  222 ATML −−

 א inductance L 

m L א length l 

cd C d א luminous intensity I 

cd sr C d S r אא luminous flux Φ 
2mcd −  2LCd −  א luminance L 

kg M א mass m 
2mkg  2ML  אאא moment of inertia I 

112 Asmkg −−  122 ATML −−  אא magnetic flux BΦ  

12 Askg −−  12 AMT −−  
א 

א magnetic field density B 

m A L A אא magnetic pole P 

Am 1−  AL 1−  אאmagnetic field 
strength T 

22 Askg −−  22 AMLT −−  א permeability mk  
2skg −  2TM −  אא surface tension J 

12 Ksm −−  122 KTL −−  אאא specific heat C 

s T א time t 

K K אא temperature T 
22 smkg −  22 TML −  אא torque T 

13 Ksmkg −−  13 KMLT −−  אאא thermal conductivity k 
3L  3L  א volume V 

1LT −  1LT −  א velocity v 

אF6 J1Eאאא 
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W Jא Jא[ ]
אK 

אאאאא א
א אאF7 J1 Eאא א אא

K 
אאlower caseאcapital

אאא،אאאאאאאאאK
),,,,( βγθωαK 

א)(η،א)(λ،אא)( ρ
،א)(ν،א)(πאאא،אאא

אאPlane angleאאאאא،solid angle،
אKאאא،אא)(Ω،א

،א)Z(אאא،אאK 
אא

Capital 
אא
Lower case 

אא 
Greek Name 

אא
Capital 

אא
Lower case 

אא 
Greek Name 

N ν  Nu A α  Alpha 

Ξ ξ  Xi B β  Beta 

O O Omicron Γ γ  Gamma 

Π π  Pi ∆ δ  Delta 

P ρ  Rho E ε  Epsilon 

Σ σ  Sigma Z ζ  Zeta 

T τ  Tau H η  Eta 

Y υ  Upsilon Θ θ  Theta 

Φ φ  Phi I ι  Iota 

X χ  Chi K κ  Kappa 

Ψ ψ  Psi Λ λ א Lambda 

Ω ω  Omega M µ  Mu 
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F7 J1EאאאאF1E 

F6 J1E
Application 

אאאאאאProjectile(x)
 אאא א)v( o א א،)g( r Kאא א

אאאאאאאאK 

אSolutionW 
)g,v(x o∝  

א،אאא(K)،
אא،אא

אאאאK 

אאא),( βα 
βα gvKx o=  

אאאאאאאא
אאK 

אאאא،א،אא
W[L] 

אאאאW 
{ } { }

βαβα

ββαα

βα

2

2

21

]T[]L[
]T[]L[]T[]L[

]T][L[]T][L[

−−+

−−

−−

=

=  

אאW 
βαβα 2]T{]L[]L[ −−+=  

                                                 
F1E،אאאאאא،אאאאK 
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،אאא0]T[،א
א،אאאW 

βαβα 20 ]T[]L[]T][L[ −−+=  

אאא،אא
אאdimensions analysis 

∴ α + β = 1 ⇒ α = 1-β         (1) 

-α-2β = 0 ⇒ -α = 2β 

∴ -(1-β) = 2β 

-1 + β = 2β 

2β-β = -1 

 

β = -1          (2) 

א(1)W 
α = 1-β = 1-(-1) = 2 

g
vKx

2
o=∴ 

אאאאאאK 

F7 J1E
Application 

אאאאאא)x(aW 
2

oo at)2/1(tvxx ++=  

)x( oאאאא)t(،אאאא)v( o
אאאKאאאאFאKE 

אSolutionW 
אאאW 

[L] 
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אאאW 
221 ]T[]T][L[]T[]T][L[]L[ −− ++  

א    { א א    א       
א،אאאאאאW 

]L[]T[]T][L[
]L[]T[]T][L[

]L[]L[

22

1

==

==

=

−

−  

אאאאK 

F8 J1E
Application 
frequencyoscillationאא)f(א)F(

r
אmass per unit lengthFlm/EK 

  א ،א אא  א    א א א א
אאאאK 

אSolutionW 

אאאW 
)/m,,F(f ll∝  

،אאאאא،א(K)K 
γ

βα ⎟
⎠
⎞

⎜
⎝
⎛=

l
mlKFv 

אאאdimensions 

analysisאאאFEאא،K 

אאא،אאא(SI)(s-1)K 
{ }

αβγαγα

γγβα

2

21

]T[]L[]M[K
]L[]M[]L[]T][L][M[K]T[

−+−+

−−−

=

=
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،אאאא
אא،אאא،א00 ]L[]M[W 

αβγαγα 2100 ]T[]L[]M[K]T[]L[]M[ −+−+− =  

אW 

FאE   γαγα −=⇒=+ 0 

FאE   
βγ
βγγβγα

−=−⇒
=+−−⇒=+−

2
00 

FאE   
1

2/1
2/112

−=
−=∴

=⇒−=−

β
γ

αα
 

2
1

12
1

2
1

12
1

mlKF

l
mKFf

−−

−
−

=

⎟
⎠
⎞

⎜
⎝
⎛=∴ l 

m
F

l
Kf = 

Wאאאא( ) 2
1

l/m −،
  א   1)l( −  א א  א     ،

א،אאא،אאאא
אא( ) 2

1
l/m −א،(m)א)l/m(K 
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א 
Summary 

 
• אאאאאאא

א،אאא
א،אאא،אאא

אא(SI)אאאK 

• אא(MKS)אא،(CGS)אא
(SI)אא،W،א،א،א

אא،אאא،אא،א
א،א،אאאאא

אא،אK 

• אא(FPS) J،אאא،א،אא
אאא Jאאאא

אK 

• אאא Jאאאא Jאא
אאאא،

)CNm109( 129 −×אאא)esucmdyne1( 22 −Kאאא
K 

• אאאאF5 J1E،
אאאאאא،אא

אאא،אK 
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אאא 
Self Test Exams 

אאאא،אאאא
אא،אאאאאאK 

אאאאW 
אאאאאאא {

אאא)/p( l،)p(אא)( l،
א،א)visconsity()(ηא)r(K 

 א אאאאאאא
אאאאאK 

אאאאW 
אאאאאאW 

g)(
v
rK s

2

lρρη −= 
 אStock’s law،)r(אאא

א)( sρ،)v(אאאא)( lρ)(η،)g(
אא

9
2K =א،K 

אאאאW 
  black body  )A( א א  ،)T(א  ،

א(Q)א)t(K 
אאאאאW 

4TtAQ σ= 
 )(σ    Stefen-Boltzman constant א ، אא 

אאאאאאא(SI)K 
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Wאאאאאא
אאאאאא،אאFEK 



א 115 אא 

אא אא 
 

 J22 J 

אא 
Unit One Exercises & Problems 

 

1 J1 אאאאאאאאאא،
(SI)Kאאאאא 

،אא،א،א،א،א،א،א،א،א
א،א،אK 

2 J1 אאאאאאאאאW 

 JאW   amF rr
= 

)F(
rא(m)א)a( rאK 

 JאW  2
21

r
mm

GF =
r 

  )F(
r ،א)m( 1 ،א א )m( 2 ،א א )r(

،אא)G(אאK 
 JאאW 

2
o

o

tx)2/1(tvxx

txvv

++=

+=
 

)v(،אא)v( o،אאא)x(،אאא)x( o
،אאאא)t(אK 

3 J1 א،אאאאאאאאאא
א،אאא)l(א،

א)m(אאא،)T(אא،)g(K 

4 J1 ،אאאאאאאאאאאא
אאאאאאאW 

 JW   kxF −=
r 
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)F(
r،א)x(،אאא)k(K 

 JאאW  2
21

r
mm

GF =
r 

)F(،א)m( 1،אא)m( 2،אא)r(א
،א)G(אאK 

5 J1  א  א אא א   אא  א  
(MKS)א(CGS)Kאאא(CGS)א؟K 

6 J1 ؟א 

 JK 

 JK 

 JK 

 JK 

אאאK 

7 J1 א)m1037.6( 6×W 

 Jאא؟א 

 J؟אאאא 

 JאאאאK 
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א 
Optional Problems 

 

1 J1 אא)s.m103( 18 −× Kאאא
אW  LK    LK 

2 J1 אא אא،א א 
א)u1(،א)u1(K 

 JאאK 

 Jאאא)kg104.1( 21×،א
؟ 



 

‐24 J 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

  الكميات القياسية والكميات المتجهةالكميات القياسية والكميات المتجهة

  

ت
ميا
الك

 
هة
تج
الم

ت 
ميا
الك
 و
سية
قيا
ال
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אא 
אאאא 

Scalars & Vectors 

1 J2אIntroductionW 

אאאאscalarsא
אvectors،א،אא

א،א
אא،

א(x-y plane)א(x)א(y)
אאאאא،אא(x)

אcounter clockwiseא،
אא،א

אאאK 

א א  ،א  א א   
،אאאא،אא
א،א אא

אW 

1 Jאאא،אK 

2 Jאאאאא
אאK 

3 Jאאאא
אאK 

4 Jאאאאאא
אאאK 
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5 Jא،א،א
אאאאK 

2 J2אאScalarsW 

 א אscalar W   א א  
W 

1 Jא magnitudeK 

2 Jmeasurment unitK 

unit،W
(5)،אא

אא؟אאאאא
Wא(5 kg)،א،

אאאאאאא،
،אאאאאאא

אKא،
אאאאאאאאא
אK 

3 J2אאVectorsW 
אאWאאא

W 

1 JאאmagnitudeK 
2 Jאdirectionאא،(xy)אא(xyz)K 
3 Jaction pointK 
4 Jaction axisK 
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 א ،א א  א א force ،אא
displacement א  ، אmagnetic field א ،velocityא ،
acceleration ،אmomentum K  א א  א arrow

אאאא،
אאא؛

א،אאאאאאא،
א(10 N)אא(N-W direction)،

אא(1 N)
א א ،א  א  א  א   א

F1 J2KE 

 
 

אF1 J2Eא)( F
rא(10 N)אאאF1E 

 

אאא،
)A(

rא،א(A)
א،אאF1 J2Eא)F(

rא

                                                 
F1E،אאאאאאא،א

א(45°)א،א(135°)אאאאK 
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א،(F = 10 N)אאאW
؟אאאאאאאאאאK

אאWאאא؛
אאאאא،אK 

4 J2אאאAdding Vectors: Graphical MethodW 
אאאאא
  א    ،     א

אK 
א א  א     א ،

א)A(
r)B(

rKאאF2 J2KE 

 
 
 

אF2 J2Eא)( A
r)( B

r 

 
،אאא

אאF1E)A(
r،אא

א)B(
rאאא)A(

r،
אא)A(

rא)B(
rאא،אאא

                                                 
F1E(A)אא)BAC(

rrr
+=،)ABBA(

rrrr
+=+K 



א 115 אא 

אא אא  

 

 J29 J 

)C(
rאאאא)A(

rא)B(
r

א)A(
r)B(

r،W 
C
r

= A
r

+ B
r

         
 (2-5) 

אאF2 J2KE 

 
 

אF2 J2Eאאא 

 
 א א )C(

r א ، א 
א אא،אcosine law ،א

אא)A(
r)B(

rאאאאא
)A(

rאא)B(
rאא،?א?W 

 
)(cosAB2BAC 222 θ++= 

 
אאאאאא

אאאאא
  K         

א  ،א   אא א  K
א?אא? 

F1 J2EApplication 
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 א    א  א)A(
r)B(

rא
F3 J2Eאא،)90( °=θK 

 
אF3 J2E 

אSolutionW 
אאאאא)90( °=θא،W 

47.4C
20C

20416)90(cos)2)(4(2)2()4(
)(cosAB2BAC

2

22

222

=

=

=+=++=

++= θ

 

Wא)C(
rאא،

אאאאK 

F2 J2EApplication 

אאcosine lawא،
)4B,3A( ==א 
F4 J2Eאאא،)30( °=θK 

 
אF4 J2E 
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אSolutionW 

   א  א     א 
אאW 

76.6C
78.45)8660.0(24169C

)30(cos)43(2)4()3(C
)(cosAB2BAC

2

222

222

=

=++=

×++=

++= θ

 

F3 J2EApplication 

אא،)N6F( 1 =
rאא،)N9F( 2 =

rא
(P)אא،F5 J2Eאא،

אאאא)120( °=θK 

 
אF5 J2E 

אSolutionW 

א א    אF2 J2Eא א ،
אאW 

N9.7
)120(Cos)9)(6(2)9()6(

)(CosFF2FFF
22

21
2

2
2

1

=

++=

++= θ
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אא،
אאא،אאאא

אאא،אאא
אא)F(،אא؛א

א،אא
א)F(K 

1 J4 J2 אVectors Addition PropertiesW 

אאאW 

1 Jאאcommutative lawWאאא)A(
r)B(

v
W 

ABBA
rrrr

+=+         
 (2-6) 

 

2 Jאא אassosiation lawW א א  
FA

rB
rC

rEW، 
)CB(AC)BA(

rrrrrr
++=++        

 (2-7) 

אא)A(
rא)A(

r
−W 

0)A(A =−+
rr

         
 (2-8) 

 

2 J4 J2אVectors SubtractionW 
،אא،אאא
אאא

א)B(
rא)B(

r
−K 
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)( BABA
rrrr

−+=−         
 (2-9) 

 א   א א   )B(
v

−א 
)A(

rK 

       א א  
אאאאאK 

5 J2אFאEVectors and their ComponentsW 
אאvectorאא

אF4 J2Eא،א
אאא،אא Kא

 א א א א א    (x, y) 
 א cartesian axes  א א א 

      x-components  y-

componentsא،אאאא،W 

1 J אא א א   א א (0.0)
אאאK 

2 Jא  א א א אא א  J
 JאאK 

3 J א א א א  א א(sin) א
(cos)א(tan)،אא

אK 

 א א  F10 J2E  ، א )A(
r ،

 א א)A( x א)A( y אא)(θא א  א
א)A(

rK 
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א

אאF6 J2EאW 

1 J)A( x)A( yאא)A(
rK 

2 Jא א   א   א F1E
אאא ،א א

אאKאא(a b c)א،
א)A( x)A( yא،)A(

rאאא(0,0)؛
אאK 

 
 

אF6 J2EאאFA
rEאא(x, y)א 

 

3 Jאאאא
א)A( x)A( yאאא)(θאאא

)A(
rK 

A
A

)(cos x==θ  

)(cosAAx θ=          
 (2-10) 

                                                 
F1Eאאא،،אK 

א



א 115 אא 

אא אא  

 

 J35 J 

א

W 

A
A

)(sin y==θ  

)(sinAAy θ=          
 (2-11) 

א(x, y)אאאא،א
)(θK 

1 Jאא)90( °=θא،W 
0)90(cosAAx ==  

،אאאW 
A)90(sinAAy ==  

،אאא
א)A( yK 

2 Jאא)0( °=θא،W 
A)0(cosAAx ==  

א،אאא
)A( xW 

0)0(sinAAy ==  

אאאK 

אאאא،א
א א א א א،  

 אא  א)0( =θ א   ،א א א 
אאא،אK 

3 Jא(2-12)(2-11)W 

א
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)(cosA
)(sinA

A
A

x

y

θ
θ

=  

x

y

A
A

)(tan =θ          

 (2-12) 

(2-12)،אא
)A( y)A( x{אאא

אא...),A,A,A( 321

rrr،W 

)A( y( )∑ yAW 
...AAAA 3y2y1yy +++=∑ 

)A( x( )∑ xAW 
...AAAA 3x2x1xx +++=∑ 

אא...),A,A( 21

rrK 

אאאאא،א)(θ،
אא 

(2-12)אאW 

∑
∑=

x

y

A
A

)tan(θ  

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

∑
∑−

x

y1

A
A

tanθ         

 (2-13) 

אאא(2-12)(2-13)
אא،אאא

אא، אא(2-

13))A/A( xy ΣΣא،אאW 
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45
)1(tan

1)(tan
1

=
=

=
−θ

θ

 

אF7 J2Eאא(a b c)
אW 

 
אF7 J2Eא)A( x)A( y(a b c) 

)A( x)A( yאאאאא
 א(a b c) א  ،FA

r E א ،א    
W 

222
yx AAA += 

22
yx AAA +=         

 (2-14) 

 א א ،(2-12) א (2-13)،
א(2-14)א(2-15)K 

( ) ( )22 ∑∑ += yx AAA        
 (2-15) 

 א א  א   א  )A(
r 

 א   )A( x)A( y א  ،א )A( yΣ)A( xΣ
אK 

F4 J2EApplication 
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א،א
  אא) א (22°)،אא

  א  א א   א א א F8؟ J2KE 
(215 km 

אSolutionW 
א)A(

rאא(0.0)א א ،
אא(90°-22°)،אאאW 

km215A =  

))Aאא
rאאK 

km5.80)68(cos215
)(cosAAx

==
= θ

 

אא)A(
rאאK 

km34.199)68(sin215

)(sinAAy

==

= θ
 

 
 

אF8 J2Eא،F4 J2E 
 

،אא(2-

13)(2-14)W 
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( ) ( )
( ) ( )

x

y

22

2
y

2
x

A
A

)(tan

km215
34.1995.80

AAA

=

=

+=

+=

θ

 

°==

==

− 68)476.2(tan

476.2
5.80
34.199

1θ
 

6 J2אUnit VectorsW 
،אאאא،אא

אאאא)z,y,x(،אא
אKא،אאאאא

אאאאאא
אKא،אאאא

אunit vectorsאאK
אאאאא

א)k̂,ĵ,î(אא)z,y,x(א
אK 

אא)k̂,ĵ,î(،
אאאKאא

،אא)î()ĵ(אא)y,x(،)A( x
)A( yאא)A(K 

،אאאאא
אאאF9 J2KE 

אאאאא
אאאאאאW 
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k̂ÂĵAîAA zyx ++=
r

        
 (2-16) 

 
 
 

אF9 J2Eאאאא 
)k̂,ĵ,î(אא 

 

אאF7 J2Eאא
אאאא)A( x

r)A( y

r
אאW 

ĵAîAA yx +=        
  (2-17) 

 

א،אאאאF5 J2KE 

F5 J2E Application 

 
א)A(

rאאאאW 
k̂3ĵ5î4A +−=

r
 

אאאW 
k̂3,ĵ5,î4 −+  
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אW 
3,5,4 +−+  

אאא(x, y, z)אא،
F10 J2WE 

 
 

אF10 J2Eא)A(
rאא 

אאאאא 
 

7 J2 א א   Adding Vectors by Adding their 

ComponentsW 
א،אא)A(

r
)B(

r)C(
rאאW 

k̂AĵAîAA zyx ++=
r

        
 (2-18) 

k̂BĵBîBB zyx ++=
r

        
 (2-19) 

k̂CĵCîCC zyx ++=
r

        
 (2-20) 
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אאאאאW 
xxxx CBAR ++=         

 (2-21) 

yyyy CBAR ++=         
 (2-22) 

zzzz CBAR ++=         
 (2-23) 

k̂RĵRîRR zyx ++=
r

        
 (2-24) 

 

 

א    )z,y,x(،אא  
W)R,R,R( zyx א    ،)R(

rא 
א)k̂,ĵ,î(K 

F6 J2EApplication 

א)R(
rאאאאW 

k̂ĵîC

k̂ĵîB

k̂ĵîA

24

233

264

+−=

−+=

++=

r

r

r

 

 

אSolutionW 

2222R

5436R
8134R

z

y

x

=+−=

=−+=
=++=

 

אW 
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k̂2ĵ5î8R ++=
r

 

8 J2אאVectors ProductW 
אאאא،א

אWאא،אאKK 

1 J8 J2אאEKFDot  ProductW 

    א   א א א  
scalarא، EKF

אאא،W 
( )θcosBAB.A =

rr
        

 (2-25) 

  )A(
r)B(

r ،א א )(θאא 
אF1E،FBdotA

rrEאא،F11 J2KE 

 
 

אF11 J2Eאא)A(
r)B(

r
 

 

 

 W   אא  א ،א  )90( °א 
،אאא  אא، אאא 

                                                 
F1Eאא( θ )א?אאא?אאאא( 360° 

- θ )K 
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  א  ، אא אא    
אאK 

אאאאא
אאא،אאW 

1 J       
1)0(cos11)(cos11î.î === θ 

2 J        
 0)90(cos11ĵ.î == 

3 J        
 0)90(cos11k̂.î == 

אאאW 
1kji ===  

א  אא ، א      אא  
אK 

4 Jא   א א     
אאאאW 

)k̂BĵBîB)(k̂AĵAîA(B.A zyxzyx ++++=
rr

 

W 

k̂BĵBîBB

k̂AĵAîAA

zyx

zyx

++=

++=
r

r

 

א  א א  א  F7א J2Eא  ،
אאאdistribution lawK 

F7 J2EApplication 
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אאא)(θא)A(
r)B(

rאאאW 

kiB

jiA
ˆ3ˆ2

ˆ4ˆ3

+−=

−=
r

r

 

אSolutionW 
( )

( ) ( )

( ) ( ) 6.332BBB

543AAA

cosBAB.A

222
z

2
x

222
y

2
x

=+−=+=

=−+=+=

= θ
rr

 

W 

6)0)(12()0(8)0)(9()1)(6(
)k̂3).(ĵ4()î2).(ĵ4()k̂3).(î3()î2).(î3(

)k̂3î2()ĵ4î3(

)kBîB()ĵAîA(B.A zxyx

−=−++−=
−+−−++−=

+−−=

++=
rr

 

אW 

3330
18

6 .)(cos −=
−

=θ  

θ = cos-1 (-0.333) = 110° 

אאא)A(
r)B(

r)110( °=θK 

 

 

2 J8 J2אאFXECross Product 

אאאאא
vectorאא،،א،

א،אאאא
אאאאW 

)(sinBACBA θ==×
rrr

       
 (2-26) 
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(C)،אאאא)(θאאא
אא)A(

r)B(
rאא،F12 J2E،FBcrossA

rrEK 

 
 
 

אF12 J2EאאאFA
rEFB

rE 

 

))Cאא
rא،אאא

אF12 J2Eאאא،
אא،א،א)A(

אאא)B(אאאא،אאא
)C(אאא،W 

BAAB
rrrr

×−=×        
 (2-27) 

אאאאאא
אאW 

)k̂BĵBîB()k̂AĵAîA(BA zyxzyx ++×++=×
rr

    
 (2-28) 

)BA(
rr

×אdistribution law،
אאאאאא
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אא)z,y,x(אאאא
א،אWאא

)î()ĵ(אW 
)(sinjiĵî θ=×  

W 
1ji ==  

אא)90( °=θאאא،)k̂(א
אאאא)î()ĵ(אW 

k̂)k̂(1)90(sin11ĵî ===×  

אאאאאאא،אא
)k̂(א)z(KW 

k̂ĵî =×          
 (2-29) 

îk̂ĵ =×          
 (2-30) 

ĵîk̂ =×          
 (2-31) 

אאאאאא
F13 J2KE 

 
 

אF13 J2Eאאא(i)(j)(k) 
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F8 J2EApplication 

אאאאW 

k̂îB

ĵîA

32

43

+−=

−=
r

r

 

אאWBAC
rrr

×= 

אSolutionW 

k̂8ĵ9î12C

)î(12)k̂(8)ĵ(90

)k̂3ĵ4()î2ĵ4()k̂3î3()î2î3(

)k̂3î2()ĵ4î3(BAC

−−−=

−−+−+=

×−×+×+×−=

+−×−=×=

r

rrr

 

אאאא،אאא،
אW 

0=×=×=× k̂k̂ĵĵîî        
 (2-32) 

W 0)0(sin11îî ==× 

)ĵĵ( ×)k̂k̂( ×K 
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א 
Summary 

 
• אאWאאא

 א       ، א
אאאא؛אK 

• אאWאאא
אK

אאאאאאK 
• א א    Wא     

אא  א  א   א
אאאW 

∑
∑

∑
∑

=

++=

++=

x

y

y2y1y

x2x1x

A
A

)tan(

...AAA

...AAA

θ

 

א  W א א א      
אאאאא)k,j,i(אאW 

kCjCiCC

kBjBiBB

kAjAiAA

zyx

zyx

zyx

++=

++=

++=

r

r

r

 

   אא   ،אא   א א  
אא،א

אאW 

kRjRiRR zyx ++=
r 
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•  א  W    (B, A)  ،
אאW 

)cos(AB2BAC 22 θ++=
r

 
)A(،אאאא)B(،אאאא

)(θאאאאK 
• אאWאא)A,B(

אאW 

)cos(BAB.A θ=
rr 

 A ،א  א א B א אא
،א)(θא،אאאK 

• אאWאא)A,B(
אאW 

)sin(BABA θ=×
rr 

אא)C(
rאא

א)A,B(،אאאא
אאאאK 
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אאא 
Self Test Exams 

،אאאאאא
אאאאא،אא

אאK 

אאאאW 
)F,F,F( 321

rrr)m(אא،F14 J2KE 

1 JאאאאK 

2 JאאK 

 

 

 
 
 

אF14 J2Eאאאא 
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אאאאW 
אאx-componentאא،y-component

אאאאF22 J2KE 

 
אF15 J2Eאאאא 

אאאאW 
אאאאא

אF15 J2E،W 

1 Jאאא∑ xFK 

2 Jאאא∑ yFK 
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3 J  א   ،א    
אK 

אאאאאW 
א)A(

r)B(
rאאאW 

ĵ3î3B

ĵ3î2A

+−=

+=
r

r

 

W 

1 Jא)A3(
rא،)B2(

rK 

2 Jאאאא)A(
rא)B(

rK 

3 Jא)BA(
rr

+א)BA(
rr

−K 

4 Jאאא)(θא)A(
r)B(

rK 

5 Jאא)B.A(
rrK 

6 Jאא)BA(
rr

×K 

 Wא    א א א   
אאא א  א  א א ، 

אאאFEK 
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אא 
Unit Two Exercises & Problems 

 

1 J2 אאא)A(
r(7)אא،א

(250°)אאאאאאא
אא)y,x(אא

)A(
rK 

2 J2 אאאא)A(
rW 

x = -25 

y = 40 

1 Jאאא)A(
rK 

2 Jאאאא)A(
rאאאK 

3 J2 אאא)R()m15(
rא

)30( °א  א א א ،א א א 
)y,x(אא،K 

4 J2 א،
)m5.12(אא)20( °אא،F16 J2KE 

 
 

אF16 J2Eא،F4 J2E 

1 JאאאאאאאK 
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2 JאאאאK 

5 J2 אאא)C(
r)D(

rאאW 

0D,0.2D,4.4D

1.6C,8.3C,4.7C

zyx

zyx

===

−===
 

א)R(
rאאK 

6 J2 א)A(
r)B(

rאאאW 

ĵ7î13B

ĵ3î4A

+−=

+=
r

r

 

1 Jאאא)î()ĵ(K 
2 Jאאא)R(

rא)BA(
rr

+K 

7 J2 אא)A(
r)B(

rאאאW 

ĵî5B

ĵ4î3A

−=

+=
r

r

 

אאא،אאאW 

ABR

BAR
rrr

rrr

−=

+=  

8 J2 אא)A(
r)B(

rאאאW 

k̂4ĵîB

k̂ĵ3î4A

++−=

+−=
r

r

 

W1 J)BA(
rr

+K 
  2 J)BA(

rr
−K 

  3 Jאא)C(
rW 

0CBA =+−
rrr 

9 J2 אאא)A(
r)B(

r)C(
rW 
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ĵ4î3C

C4BA

C2BA

+=

=+

=−

r

rrr

rrr

 

א)A(
r)B(

rK 

10 J2א)A(
r)B(

rאאF17 J2Eא(10)
אאא،אK 

 
אF17 J2Eא،F10 J2E 

1 Jא)R(
rאא)A(

r)B(
rK 

2 Jאאא)R(
rK 

3 Jאאאא)R(
rאאאK 

11 J2אאאאK
   א א )m12(א ، א )m6(

 א א ، )m3(א א   ، 
F18אאKאאא؟ J2KE 
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אF18 J2Eא،F11 J2E 

12 J2אאאאאאא
אאW 

1k̂.k̂ĵ.ĵî.î ===         
  -1 

0î.k̂k̂.ĵĵ.î ===         
  -2 

0k̂k̂ĵĵîî =×=×=×        
  -3 

îk̂ĵ,ĵîk̂,k̂ĵî =×=×=×       
  -4 

13 J2אאא)A(
r(10)א،אא

)B(
r(6)אאא،א(60°)،W 

1 Jאא)A(
r)B(

rK 
2 Jאאא)A(

r)B(
rK 

14 J2אא)A(
r)B(

rאאאW 

k̂3ĵî2B

k̂3ĵ3î3A

++=

++=
r

r

 

אW 

yyyyxx BABABAB.A

)(cosBAB.A

++=

=
rr

rr
θ

 

אאאK 

15 J2א)A(
r)B(

rאאאW 

ĵ4î2B

ĵ5î3A

+=

+=
r

r

 

W 
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B.)BA(3

B.A2

BA1

rrr

rr

rr

+−

−

×−
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א 
Optional Problems 

 

1 J2 ،אאא
Wאא 

1 J)m1200(אא)40( °K 
2 Jאאאאא)123( °אא

א)m258(אא،F19 J2Eא،
אאאK 

 
אF19 J2E 

2 J2 אא)A(
r)B(

r)C(
rאאאW 

k̂ĵ2î2C

k̂2ĵ4îB

k̂2ĵ3î3A

++=

+−−=

−+=

r

r

r

 

W 
)CB(.A),CB(.A),CB(A

rrrrrrrrr
×++×  

3 J2  א    א  אא)A(
r)B(

r א F20 J2E
W 

BA
2
1 rr

×  
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אF20 J2E 
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  القوة والحرآةالقوة والحرآة

3
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אא 
אא 

Force & Motion 

 

1 J3אIntroductionW 
אאאאא

،،א
אאאאאאא

אאאF1EK 

אmechanicsאforceא
motionאא،א

אאאאK 

אאאאא
،א،אאW 

1 JאאWאאאmicroscopic،
אאאאatomsא،

moleculesא،אא
?אquantum mechanics?K 

                                                 
F1E،א،אאא

א،אא،אאK 
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2 JאאWאאא
אspeed of lightא،

אאrelativityK 

אא،אאא
אאאא،אא

אאאא،FE،
אאW 

1 Jאאא،אאא
אאאא،אאK 

2 Jאאאא
אאא،K 

3 Jאאאא
אאK 

4 Jאאאאא
אאא،

אK 
5 JאאאאK 
6 JאאאK 

אאאאא
،אא،

K 
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2 J3אאDisplacementW 
ABאא،F1 J3E،

 אdisplacement ،א א  אא א א 
אAאBK 

אאאאאF1 E
 אF2 E א  אF1 J3E       ،
אdistanceאאא،Wאאא

 אAB א  א ،A א   ،B    ،
אאאאאK 

 
אF1 J3Eאאאא 

3 J3אאAverage VelocityW 
אאaverage velocityא)v(،

אאאא)x(∆אא)t(∆א
אאאKW 

12

12

tt
xx

t
xv

−
−

==
∆
∆

        

 (3-1) 

אאא)v(א
 א 
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(x, t) אא  א א   ،)t,x( 22 א אא
 אא)t,x( 11 א א א      ،

אא،W 
x = f(t)          

 (3-2) 

   (x)  function (t)  אא  ،(x)
אא Kא   א א   א    א
vectorK 

F1 J3EApplication 

א א    א א א   א
אW 

x = 3t – 4t2 + t3 

1 Jאא)4,3,2,1(K 
2 Jאאאא)0t( 1 =)s4t( 2 =K 
3 Jאאא)s2t( 1 =)s4t( 2 =K 

אSolutionW 
x(1 s) = 3(1) – 4(1)2 + (1)3 = 0      

  -1 

x(2 s) = 3(2) – 4(2)2 + (2)3 = -2 m 

x(3 s) = 3(3) – 4(3)2 + (3)3 = 0 

x(4 s) = 3(4) – 4(4)2 + (4)3  

          = 12 – 64+ 64 = 12 m 

∆x = x(4 s) – x(0 s)        
  -2 

∆x = 12 m –0 = 12 m 

)s/m(3
s4
m12

t
xv ===
∆
∆        

  -3 
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∆x = x(4 s) – x(2 s) = 12 – (-2) = 14 m 

∆t = 4 s – 2 s = 2 s 

)s/m(7
s2
m14

t
xv ===
∆
∆  

4 J3אאInstantaneous VelocityW 
אאintanntaneous velocity

אאaverage velocityאא
אאא،W 

 

dt
dx

t
xlimv 0t == → ∆

∆
∆         

 (3-3) 
 א א   (v)א א (3-3)א   

אאא(x) (t)،،
אאW 

F2 J3EApplication 

א،אאW 
x = 2 - 2t + 4t2 

אא(x)א(t)אK 

אאt = 1 sK 

אSolutionW 

אאt = 1 sאאאW 

)s/m(6
)1(82t82

)t4t22(
dt
d

dt
dx)s1(v 2

=
+−=+−=

+−==
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5 J3אAccelerationW 
 אא א      )v( 1א 

א)v( 2،אא
אא א average acceleration א

)a(אאW 

t
v

tt
vva
12

12

∆
∆

=
−
−

=         

 (3-4) 
אאinstantanous accelerationW 

dt
dva =

r
         

 (3-5) 
 א  א   א א  (3-3)(3-5) 

 א א  א א(v)  (t) א א ،
אא(x)(t)א،،אW 

F3 J3EApplication 

אאאW 
2t10t50x +=  

אא(x)א(t)אא،א(t1 = 

0)،W 

1 JאאאאאאK 
2 Jאאאt2 = 3 sK 
3 Jאאאt2 = 3 sK 

אSolutionW 
1 Jאאאאאt1 = 0אt2 = 3 sK 
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)s/m(80
)s(3

)m(240v

)s(303ttt
0)0t(x

)m(240)3(10)3(50)s3t(x
t

)0t(x)s3t(xv

12

2

==

=−=−=
==

=+==

=−=
=

∆

∆

 

2 JאאW 

)s/m(11032050v
t2050v

)t10t50(
dt
dv

3t

3t

2

=×+=
+=

+=

=

=  

3 JאאW 

)s/m(20a

)t2050(
dt
da

dt
dva

2
3t =

+=

=

=

 

Wאאאאא

אאאא،אאא

K 

6 J3אאConstant Acceleration MotionW 
אאאא

אא،א

אאא،אאW 
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.consta
dt
dva o ===  

א א    ،  )a( o א 
אt = 0K 

،אW 
tdavd =  

אאFEW 

.constatv

dtadv

+=

=∫ ∫         

 (3-6) 

אאאconst.אאא
W 

const)o(av
ot
vv

o

o

+=
=
=

 

א 
constvo =  

אאאא(3-5)אאW 
ovtav +=  

א)v(אאא(a)
אא)v()v( oאאא

א)v( o)aa( o=א(3-6)אאW 

ovtav +=          
 (3-7) 

אאK 

W 
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ovat
dt
dxv +== 

W 
dtvdtatdx o+= 

אא J JאW 

consttv
2
tax

dtvtdtadx

o

2

1

++=

+=∫ ∫ ∫
       

 (3-8) 
אאאאאאW 

oxx
ot

=
=

 

אW 
const)o(v)o(ax oo ++=  

אW 
constxo =  

אא(3-7)אאW 

oo
2 xtvat

2
1x ++=  

א)x(אאאאא
)x(  )x( o  א   אא אא )x( o ،

אאאW 
tvat

2
1)xx( o

2
o +=−        

 (3-9) 

א(3-7)(3-9)אא،W 

א(3-7)א(t)W 

a
vvt o−

=          

 (3-10) 

א(3-9)W 
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a2
vv

a2
v2vv2vv2vv

a
vvv

a
)vv2vv(

2
1

a
)vv(v

a
)vv(a

2
1)xx(

2
o

2

2
ooo

2
o

2

2
oo

2
o

2

o
o2

2
o

o

−
=

−+−+
=

−
+

−+
=

−
+

−
=−

 

)xx(a2vv o
2
o

2 −=−         
 (3-11) 

אWא
אF1EW 

       W

⎪
⎪
⎭

⎪⎪
⎬

⎫

−=−

+=−

+=

)xx(a2)vv(

tvat
2
1)xx(

atvv

o
2
o

2

o
2

o

o

 

F4 J3EApplication 

،א
(30 m/s)א ،(50 m/s)    (160 m)

W 
1 JאK 
2 Jאאאא(30 m/s)K 
3 Jאאאא(30 m/s)K 

אSolutionW 
1 Jא(3-11) 

                                                 
F1Eאאאא)xx( o−א

)d(،Wd)xx( o =−K 
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[ ]

)s(4
s/m5

s/m)3050(
a

)vv(
a
vt

t
va

)s/m(5
m)160(2

s
m)30()50(

)xx(2
vva

2
o

2

2
22

o

2
o

2

=

−
=

−
==

=

=
⎟
⎠
⎞

⎜
⎝
⎛−

=

−
−

=

∆∆

∆
∆  

2 Jאאאא(30 m/s)W 

tvatxx

s
sm

sm
a
vt

oo +=−

=

==

2

2

2
1

)(6
)/(5
)/(30

 

3 JאW 

)(90

)6)(/5(
2
1
2
1
0
0

22

2

m

ssmx

atx

v
x

o

o

=

=

=

=
=

 

7 J3אאNewton’s First LawW 
אאאא

אאאא،א
אאאא،א

אאאא،א
אאאאW 
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אאWאאאא
אאK 

אאWאאאא
אא،

،K 

א
reference system،

א،אא
אאאאאאinertia law،

אא،אאא?אK? 

אאאא
،אאאא

אאאאאK 

אאאאאאאא
،אאא،א

אאאאא،
?אאא?אאא

equilibrium conditionsאאא،
א،אאW 

∑ = 0F
r

 

אW 
vmp rr

=  

)p( rאmomemtum،(m)،)v( r
אK 
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8 J3אאNewton’s Second LawW 
אאא( )∑F

rא(m)
א،א)a( r

אא،אאK 

∑ ∝ aF rr          
 (3-11) 

אW 

.const
a
F

a
F

a
F

3

3

2

2

1

1 ===  

אאא(m)א،
אא،אא

אאאאאKא
אא(3-11)אאW 

∑ = amF rr
        

  (3-12) 
אאאאexternal forces

אאא،אאinternal forces،
אאא،אאK 

אא(3-12)
אאKאאאא(x, y, z)
אאאW 

⎪
⎪
⎭

⎪⎪
⎬

⎫

=

=

=

∑
∑
∑

zz

yy

xx

amF

amF

amF

rr

rr

rr

        

  (3-13) 
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אא(3-13)אא
א(m)אא(ax, ay, az)א،

אK 

אא(3-12)אאא(SI)
،אאאאאW 

N = (1 kg)(1 m/sI2) 
F5 J3EApplication 

(8 kg)،
א(30 N)אאא،W 

1 Jאאאאא(3 N)K 

2 Jאאא؟אא
K 

אSolutionW 

 
אF2 J3E،F5 J3E 

1 Jאאא)F,f( k
אאא(x)W 

)s/m(375.3
8

27a

)a(8330

fFF

2
x

x

kx

==

=−

−=∑
 

2 Jאאאאאא
W 
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)s/m(75.3
8

30a

)a(830

maF

2
x

x

x

==

=

=∑
 

F6 J3EApplication 

(20 kg)אאא(15 m/s)
אאאאאא،

(45 N)K 

1 Jא؟אאK 

2 JאK 

3 Jאאא
אK 

אSolutionW 

 
אF3 J3E،F6 J3E 

1 Jאאאא)s/m15v( o =،
אא)0F( =K 

2 JאאW 

)s/m(25.2
20
45a

)a(20450
mafF
amF

2

x

xk

xx

−=
−

=

=−
=−

=∑ rr
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3 J،אאא
،אאW 

)s(6.6
25.2
150

a
vvt

t
vva

o

o

=
−
−

=
−

=

−
=

 

א(6.6 s)K 
F7 J3EApplication 

(9.1×10-31 kg)אאא،
)s/m10v( 6

o =،אא
א(8 × 10-17 N)،אאא(10-8 s)K

אאK 

אSolutionW 

אאא،א
אאאאא،

א{אW 
atvv o +=  

אאאא
א 

0v
0a

oy

x

=
=  

אW 
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)s/m(1079.8

10
101.9

1080

t
m
F

vv

m
F

a

amF

amF

5

8
31

17

e

y
yoy

e

y
y

yey

yey

×=

×⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×
×

+=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=

=

=

=

−
−

−

∑

 

9 J3אWeightW 
אweightאאאא

א)amF( rr
=،אא،

אאאא
،אאא،א

אאgravetational attraction
אאא،אאW 

gmW rr
=          

 (3-14) 
אאאא

א(m)،א)g( r،אא
،אאא)g( r

)a( rאאאK 

אאא(3-14)אא
א(y)אאאא)ĵ(

אאW 
ĵgmW rr

−=         
  (3-15) 
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אאאאאא
אאא(y-axis)א،K 

אאאאאW 

1 JאK 

2 Jא(g)אא،K 

אאW 

 Jאאinertia massWא
،אאאאא

،אאW 

a
F

minertia
∑=         

  (3-16) 
 Jאattraction massWא

אאאאKא،א
)W,W( 21

rrאא،
)m,m( g2g1K 

אW 

2

1

g2

g1

W
W

m
m

r

r

=         

  (3-17) 
،אא

אאאאgravitational acceleration
אאfree falling acceleration(g)K

אאW 



א 115 אא 

אא אא  

 

 J79 J 

⎪⎭

⎪
⎬
⎫

=

=

)g)(m(W

)g)(m(W

22

11
r

r

        

 (3-18) 
א(3-18)א(3-17)W 

.const
m
m

m
m

2

1

g2

g1 ==  

W 
m ∝ mg 

אאא
אאאאאW 

1
m
m

g

=  , m = mg 

K 

10 J3 אNewton’s Third LawW 
א،אאאאא

אאאא
א،אאאWאא

،אאאא
אאאKאא

א،אאF4 J3Eאא،(A))F( AB

r
א(B)אא،(B)FBAF

rEא
(A)א،אאאא

אאאW 
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BAAB FF
rr

−=         
  (3-19) 

 
אF4 J3Eא 

אאאW 

אאאKאא
אאאאאאא

intertial framesאאאא
אKאאאactionא،

אאreactionKאא
،אאאאא
אא،אאא،א

F5 J3KE 

 
אF5 J3Eאאא)F,F( 11 −)F,F( 22 − 

אאאW 

 Jאאאא
א،א)W(

r،א
א)N(

rאאK 
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 Jאאאאאא
א)F(

rאאא)N(
rK 

 Jאאא)F(
rא

אא)N(
rK 

11 J3 אFrictionW 
)F(

r
אאא،

אאאאאאא
אאא،א

אFאEאאFאאEאא
friction forceאא،

אאא
אK 

אאא
א،אאא

אאאK 

1 JאK 

2 JאK 

1 J11 J3אW 

،אאאאא
אW 

 Jאאstatic frictional forceW 



א 115 אא 

אא אא  

 

 J82 J 

אאאאאא
א)F(

rאאא،
א static frictional forceאא)f( sא

א،)f( sאא)N(
rא

א،אאאK 

 Jאאkinetic frictional forceW 

אאאא)F(
r،

אאאאkinetic frictional force
אא)f( kא،K 

אאאאאW 

1 Jאאאא)F(
rא

אאW 

sfF
rr

≤          
  (3-15) 

א)F(
r)f( s

rא،אא)f( s

r
א)F(

rא،F6 J3E
K 

2 Jאא)f( s

r(fs max)
אאW 

 
Nf smaxs

rr
µ=         

  (3-16) 
)N(

rא)W(
r،)( sµ

אאcoefficient of static frictionK 
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אF6 J3Eא،אfsfk 

3 Jא،אאא
אא)f( s

rאא
אW 

 
Nf kk

rr
µ=          

 (3-17) 

)( kµאאcoefficient of kinetic 

frictionK 
2 J11 J3אW 

אאאאא
؛אאאא،
אאא،א

אK 

 J א א  אFא ENonfrictional incline 

surface motionW 

אF7 J3KE 
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אF7 J3E 

אאא(m)א(W)،
אא،(θ)א،

א(x, y)،א،א
אאאאW 

1 JאW)mgW( =
r 

(g)א،אא
K 

2 Jאא)N(
rK 

א)W(
r)N(

rאא،א
K 

אאאאW 

אאאW  Wx=W sin θ 

אאאW  Wy = W cos θ 

א(N)(Wy)אא
אא،W 

Wy + N = 0 
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א(Wx)אאא
،אW 

Wx = mg sin (θ) = ma 

a = g sin θ         
 (3-18) 

אאא(3-18)
אאאאאאK 

F8 J3EApplication 

אאאאא
אF7 J3E(20 kg)אא،(45°)K 

אאאא،א(g 
= 9.8 m/s2) 

אSolutionW 

אאא)(3-18W 
θ = 45° 

a = g sin θ 

 = (9.8) sin (45°) = 6.93 (m/s2) 

אאK 

אW؟אאאא
א(3-18)K 

 J א א  אFא EFrictional incline 

surface motionW 

אF8 J3E 
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אF8 J3E 

אאא(m)א)W(
r

אא،(θ)אא،
،א)y,x(

אאא،אאאW 

1 JאW)mgW( =
rK 

(g)א،אא
אK 

2 Jאא)N(
rK 

אאא)W(
r)N(

rא
אאא،אא

אאK 
Wx = W sin θ 

Wy = W cos θ 

א)N(
r)W( y

rאא
א،א)W( xאא)f( kא

،אאא
אא،אW 
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mafsinmg
mafWF

k

kxx

=−

=−=∑
θ

 

m
fsinmg

a k−
=

θ         

 (3-19) 
F9 J3EApplication 

אאאאאאא
אF8 J3E 

(12 kg)אא،(20 N)א،
אאא(30°)אא،

א(9.8 m/s2)K 

אSolutionW 

אאא(3-19)W 
θ = 30° 

m = 12 kg 

fk = 20 N 

g = 9.8 (m/s2) 

a = 
12

20)30sin()8.9)(12( −  

= 3.2 (m/s2) 

אWאא؟א
(3-19)K 
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א 
Summary 

 

• אW،אאאאא
אאאא

אאאאאאK،אאא
א    א   א א  א 

אאאאאW 

0v =∆
r 

،אאK 

• אWאאא א 
 א  א  א(m)   ،א  

،אאאא
،אאW 

m
F

a ∑=
r

r 

א،אאאK 

• אWא?W
אאאK? 

אא،אאאאא
،אאאאא
،אאאא

אא،K 
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•  א א W  א   א א 
אאאאK 

a
Fm = 

• אW،אאאאא
      א (W1, W2)א  

)m,m( g2g1W 

2

1

g2

g1

W
W

m
m

= 

• אW،אאאאא
אאאא،אאא

אאאKאא
אא،אW 

Nf,fF smaxss

rr
µ=≤ 

 )( sµ א    ،א א  
א  א  א     ،א א

א(fk)،W 

Nf kk

rr
µ= 

)( kµאאK 

• אא)a( rW 

⎪
⎪
⎭

⎪⎪
⎬

⎫

−=−

+=−

+=

)xx(a2)vv(

tvat
2
1)xx(

atvv

o
2
o

2

o
2

o

o

 

W 
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voWאאאK    vWאאK 

xoWאאאאK    xWאאאK 

tWאK     aWאK 

אא
אאאאאאא

K 
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אאא 
Self Test Exams 

 
אאאא،אא

אאאאאא
،אאאK 

אאאאW 
(97 kg)

אא 
(470 N)Kאאאא

אא،אF9 J3KE 

אאאאW 
אאאאא(15 m)،

K 

1 Jאאאאא(6 m/s)،
(110 g)אאא،

אא،אF10 J3KE 

2 Jאאאא
אK 

Wאאאא
אאאאאאא،

אאאFKE 
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אא 
Unit Three Exercises & Problems 

 

1 J3 אאא)s/m30v( o =א،
(20 s)א)s/m40v( =א

אאאאאאK 

2 J3 א(40 m/s)אאאא،
אא(-2 m/s2)KW 

 JאאאאK 
 J א אא   א  א א א

K 

3 J3 (80 kg)אא،(6 

km/h)،W 

 JאאאאK 
 Jאאא(4 s)K 

4 J3 (100 kg)אא،F9 J3E،،
אא(g = 9.8 m/s2)Kאא
אאW 

 Jאאאא(3 m/s2)א،F9 J3KE 

 Jאאא(3 m/s)K 

 Jאאאא(3 m/s2)א،F9 J3
KE 



א 115 אא 

אא אא  

 

 J93 J 

  
אF9 J3E      אF9 J3E 

5 J3 (16 kg)،
א 

(40 N)אא،(4 m/s2)K 
 J،א؟אאאא

אK 
 JאאאאK 

6 J3 (15 kg)אא،
 (35°) א אF10 J3E א א  א  ،

(50 N)،K 
 JאאK 

 J؟אK
אFsfkfKE 
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אF10 J3Eא،F6 J3E 

7 J3 אא)x(אא
)t(W 

2tt102x ++=  

)x(،)tx(،אW 

1 Jאאא)t(∆א)s3t( 2 =)s1t( 1 =K 
2 Jאאאא)s3t( 2 =،)s1t( 1 =K 
3 Jאאאא)s3t( 2 =،)s1t( 1 =K 
4 Jאאאא)s2t( =K 
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אFEAppendix 
אאאPhysical Constants 

א אאא 
אabsolute zero 

temperature
K0  C15.273 °−  

א
א

acceleration due 
to gravity at sea 
level 
(W h d

 2s/m801.9  

 Avogadro’s number ON  mole/particles10022.6 23×  
charge of an electron e C106022.1 19−×−  

 constant in 
Coulomb’sK 229 kg/m.N10988.8 ×  

אgravitational constant G 2211 kg/m.N10673.6 −×  
mass of an electron em  kg10109.9 31−×  

א mass of a proton pm  kg10673.1 27−×  

 Planck’s constant h 
s.eV10136.4

Hz/J10626.6
15

34

−

−

×

×  

א speed of light in a 
vacuumc )exact(s/m1099792458.2 8×  

אmass of neutron nm  kg1067492.1 27−×  
permittivity of space oε  m/F1085.8 12−×  

permeability constant oµ  A/m.T104 7−×π  
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אConversion Factors 
1אאatomic mass 

unit 
=227 c/MeV5.931kg10661.1 =× −  

1electronvolt =J10602.1 19−×  
1Joule =m.N1  
1Joule =C.V1  
1coulomb =)unitseargchelementary(10242.6 18 ××
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אFEAppendix 

אאאMathematical SignsW 
= > ≤ 
≠ ≥ << 
≅ >> ≈ 
≡؛<  

א10Arithmatic Power ofW 

( ) abba

baba

baba

1010
1010/10

101010

=

=

=
−

+

 

אAlgebraW 
  :Fractionsالكسور  •

bd
bcad

d
c

b
a

bc
ad

d
c
b
a

bd
ac

d
c

b
a

cd
b

d
c
b

c
ab

c
ba

+
=+

=
⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛

=⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛

=
⎟
⎠
⎞

⎜
⎝
⎛

=⎟
⎠
⎞

⎜
⎝
⎛

 

  :جذرا المعادلة التربيعية •

א0cbxax2 =++،
a2

ac4bbx
2 −±−

=K 

א0x2x2 =++ γβ،γββ −±−= 2xK 
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אTrigonometryW 
  :Definitions of trigonometnc Functionsتعاريف الدوال المثلثية  •

אאאinverse functionsWאFθEθsinu =،
FuEusinarc=θ،F J1uEusin 1−=θK

אאאאWucosarc،utanarcאK 

 

y
x

tan
1ctn

x
y

cos
sintan

x
r

cos
1sec

r
xcos

y
r

sin
1csc

r
ysin

====

===

===

θ
θ

θ
θθ

θ
θθ

θ
θθ

 

  :Simple Propertiesخواص بسيطة  •
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θπθθπθθπθ

θ
θ

πθθπθθπθ

θθθθθθ

tan)(tancos)(cossin)(sin

ctn
tan

1
2

tansin
2

coscos
2

sin

tan)(tancos)(cossin)(sin

=±−=±−=±

−=−=⎟
⎠
⎞

⎜
⎝
⎛ ±=⎟

⎠
⎞

⎜
⎝
⎛ ±±=⎟

⎠
⎞

⎜
⎝
⎛ ±

−=−=−−=−

m

 

  :Properties of a triangleخواص مثلث  •

γβα

γ

β

α

πγβα

sin
c

sin
b

sin
a

cosab2bac
cosca2acb
cosbc2cba

222

222

222

==

−+=

−+=

−+=

=++

     

⎟
⎠
⎞

⎜
⎝
⎛ =

2
πγW222 cba =+ 

  :Trigonometric functionsالدوال المثلثية  •
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אאאאא

אאאK 

אאאאW 

θθπ
θθπ

θθπ

tan)(tan
cos)(cos

sin)(sin

−=−
−=−

=−
 

אאW 

θθπ
θθπ
θθπ

tan)(tan
cos)(cos
sin)(sin

=+
−=+
−=+

 

אאאאאW 
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θθ
θθ
θθ

tan)(tan
cos)(cos

sin)(sin

−=−
=−
−=−

 

אא،אW 

θ
θ

θ
θ

θ
θ

tan
1ctn

cos
1sec

sin
1csc ===  
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א
FE

A
ppendix
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אFEAppendix 

אאא 

 Jאאאא 
אאאאW 

אאאWQ 

γβ
α

η

η

r
l
PKQ

r
l
PQ

⎟
⎠
⎞

⎜
⎝
⎛=

⎟
⎠
⎞

⎜
⎝
⎛∝

 

אW 
{ } { }

βαγβαβα

γβββααα

γβα

−−+−−+

−−−−

−−−−−− =

22

22

11122130

]T[]L[]M[
]L[]T[]L[]M[]T[]L[]M[

]L[]T[]L][M[]L[]L[]T][L]{M[K]T[]L[]M[
 

،אאאW 
βαβα −=⇒=+ 0         

 (1) 
32 =+−− γβα         

 (2) 
1212 −=+−⇒−=−− ααβα       

 (3) 
א(3)،W 

11 =⇒−=− αα  

א)(αא(1)،W 
1−=∴ β  

א)(α)(βא(2)،W 

431
312

=⇒=+−
=++−

γγ
γ

 

41
1

r
l
PKQ −⎟
⎠
⎞

⎜
⎝
⎛=∴ η  
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ηl
PrKQ

4

=  

אאאאW 
אאאאא

אאא(SI)אאאא
אאאK 

אאWאאW 
11 ]T[]L[]M[ −−=η

אאאW 

11

11

2

2

]T[]L[]M[
s.m.kg

)m(
m
s

m
)s()m()kg(

v
L

A
F

1

1

−−

−−

−

=

=

⎟
⎠
⎞

⎜
⎝
⎛=

⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛=

−

η

 

אאW،אא
אאאאW 

אאW 

( )
11

231

2

s

2

sm.kg
s
m

m
kg

s.m
m

g
v
r

−−
− =

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ρ

 

אאאאW 
11 ]T[]L[]M[ −−  

אאW  
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( )
11

231

2

2

s.m.kg
s
m

m
kg

s.m
m

g
v
r

−−
− ==

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
lρ

 

אאאאW 
11 ]T[]L[]M[ −−  

אאאאאא
אאאאאא،

(SI)K 

אאאאא،
אאK 

אאאאW 
אאאאאאאW 

4TtA
Q

=σ 

אWאאאאW 
22

2

2

2 ]T[]L][M[
s
mkgm.

s
mkgm.N −===  

אWW 
A = area = m2 = [L] 2 

T = time = s = [T] 

T 4 = temperatur = K 4 = [K] 4 

אW 

43

43

42

22

Ks.kg
]K[]T][M[

]K[]T[]L[
]T[]L[]M[

−−

−−

−

=

=

=σ
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،אאK 

WאאאאאW 
438 K.s.kg1067.5 −−−×=σ  
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 Jאאאא 
אאאאW 

אאאאאאא
אא،אאK 

( ) ( )
( ) ( ) N91.216.1676.2

FFF

N16.1FN676.2F
82.2N026.1

)290(sin3)(sinFF)290(cos3)(cosFF
N41.1N41.1

)135(sin2)(sinFF)135(cos2)(cosFF
N57.2N06.3

)40(sin4)(sinFF)40(cos4)(cosFF1

22

2
y

2
x

yx

33y333x3

22y222x2

11y111x1

=+=

+=

==

−==

°====
=−=

====
==

====−

∑∑
∑∑

θθ

θθ

θθ

 

°=−=

===−
∑
∑

43.23)433.0(1tan

433.0
676.2
16.1

F
F

)(tan2
x

y

θ

θ
 

Wאאאאא)y,x(
)F,F,F( xy ΣΣK 

אאאאW 
אאאאא

א،א،אK 
אF14 J2E،אאW 
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N5.3
)60(cos7)(cosFF2

N07.7

)45(sin10)(sinFF
N07.7

)45(cos10)(cosFF1

22x2

11y1

11x1

=
==−
=

==
=
==−

θ

θ

θ

 

N3

)330(sin6)(sinFF
N19.5

)330(cos6)(cosFF4
N24.4

)135(sin6)(sinFF
N24.4

)135(cos6)(cosFF3
N06.6

)60(sin7)(sinFF

44y4

44x4

33y3

33x3

22y2

−=

==
=
==−
=

==
−=

==−
=

==

θ

θ

θ

θ

θ

 

אאאאW 

( ) ( )

°==

===

=

+=+=−

=−++=

+++=−

=+++=

+++=−

−

∑
∑

∑∑

∑

∑

28.51)247.1(tan

247.1
52.11
37.14

F
F

tan

N4.18

)37.14()52.11(FFF3

37.14324.406.607.7
FFFFF2

N52.1119.524.45.307.7
FFFFF1

1

x

y

222
y

2
x

y4y3y2y1y

x4x3x2x1x

θ

θ
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אא،אאאא 

אאאאאW 
1 Jא)A3(

rW 
ĵ9î6A3 +=

r
 

א)B2(
rW 

jiB ˆ6ˆ62 +−=
r

 

2 Jאאא)A(
rW 

( ) ( )

( ) ( )
24.41899)3()3(

6.31394)3()2(

22

22

22

22

==+=+−=

+=

==+=+=

+=

yx

yx

BBB

AAA

 

3 Jא)BA(
rr

+W 

ĵ9îĵ)33(î)32(

î)BA(î)BA()BA( yyxx

+−=++−=

+++=+
rr

 

א)BA(
rr

−W 

( ) î5ĵ0î5ĵ)33(î)3(2

î)BA(î)BA()BA( yyxx

=−=−−−−=

−−−=−
rr
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4 Jאאא)(θאא
אאאאW 

396
ĵ.ĵ)3()3(î.ĵ)3()3(ĵ.î)3()2(î.î)3()2(

)ĵ3î3(.)ĵ3i2(B.A

)(cosBAB.A

=+−=
+−++−=

+−+=

=
rr

rr
θ

 

W 
)0î.ĵĵ.î( ==  

οθ

θ

68.78)196.0(cos

196.0
)24.4()6.3(

3.)(cos

1 ==

===∴

−

BA
BA

 

5 Jאא)B.A(
rrW 

996.2
)68.78(cos)24.4()6.3(

)(cos).(

=
==

=
ο

θBABA
rr

 

אאאאF4EאאאK 

6 Jאא)BA(
rr

×W 

k̂15k̂9k̂6)k()9(k̂6

ĵĵ)3()3(îĵ)3()3(ĵî)3()2(îî)3()2(
)ĵ3î3()ĵ3î2(

)(sinBA)BA(

=+=−−=

×+×−+×+×−=

+−×+=

=× θ
rr

 

W)0ĵĵîî( =×=×،)k̂ĵî( =×)k̂îĵ( −=×K 
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 Jאאאא 
אאאאW 

 
אא،אאאא 

א،W 
N
rWאאאK 
gmrWאK 

אאאW 

61.0
61.0

)s/m8.9)(kg79(
N470

N
f

Nf

k

2
k

k

kk

=
=

==

=

µ

µ

µ
r

 

אאאאW 
אאK 

 
אאאאאא، 

אW 
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amfk
rr

=−  
אא

W 

12.0
)s/m8.9)(kg11.0(

N13.0
mg
f

gmf

gmN

0gmN

Nf

N13.0f

N13.0)kg11.0)(s/m2.1(f

s/m2.1
)m15(2
)s/m6(

x2
va

0v

xa2vv

k

2
k

k

kk

kk

k

2
k

2
22

o

f

2
o

2
f

=

==

=

=

=−

=

=

=−=−

−=−=
−

=

=

+=

µ

µ

µ

µ

r

rr

rr

rr

rr

r

r

r
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