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
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
אאאאאאאאאא

א א א אא א א،א
אאאאאא

אאאאאאW
אאאK


אאאא אא

 א        ،א אא   א
א،אאאאא

 א   ،א אא  א א
אא  א א א  א א א  א א א 

אאאא،א
אא،אאK


 א א   ?א א ?  ?  L

Lאא?אאאא
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אאאאאא

  ،א אאא     א
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
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
An Introduction 
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א،אW




]אW١٣[،


]אW١٩١[א،
אאאאא،K

אאאאא،אאאאא
،אאאאאאאא

אאאאאאאאאאאאK

،אאאאWאא،אא
،אאא،אא،אאאא،אא

א،א،אא،אאאאא،א
אאאאאאW

١-אאK
٢-אאK
٣-אאLא--K
٤-אאK

،אאאאאאW

١-א،אאאאאאא
،אאאאאאא

אאאאא،אK
٢-אאאאאאא

א،אאאא،אאא،אאאא،אאא
אאאאאאאא،אאא



א١٠١  

LLאאאאא 

 

 

،אאאאא
אא،אאאא،א

אאאאK
٣-א،אאאאאא

،אאאאא
אאK

אאאא
א،אאא،אא

F،אא،אא،אא،אאEKKK،
אאאKא

אאאא،א
אאאאאאאאK

אאאאא
،אאאאאאאאאא

אאאאאאא
،אK

אאאא
אאאא،א

אאאK
א،אא

אאא،אאא
אK

א،אאאאK
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אאא
אאאאא 

אאאא 
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א١٠١ אא 

LLאאאאאאא 
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١-١ אIntroductionW

אאאאאאא
Kא

אאאא،א
אא،א،

אאאKאא
W

١-אאFאאאEmeasurement units of dimensional quantitiesK

٢-אFאאאאEunits dimensionsK

א،אא
אאאא ،  ،אאאא

א،אאאאK

אאאא،אאא
אא،אאאא،

אאFE،אאאW

١-אאאK

٢-אאאאאאאאא،
אK 

٣-אאאא
אאאאאא،אK 

٤-א،אאאא
אאאאאK

٥-אאאאאK



א١٠١ אא 

LLאאאאאאא 
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٦-אאאאאא،
אאאK

١-٢ אאMeasurement UnitsW

אא--،אאא
 א    א א אא W א  ،א ،אא ،א

،אאאא،א،א،אאאא
אאאאאא

  ، אא W،א،א ،א،א
א،אא،אאאאא،א،א
 א אא   אא     ،א  אא

אאאKאאאאInternational Systemאא،(SI)
אאSystem InternationalK

،אאאאאאאאא
 א א  א א      International bureau of 

weight and measuresא אא א ،،
אאאאאאK

אF١-١E،אאאאW
אאאא؛F١E،

אאאKאאאאF١-١E
،אאאאאאאאאF١-١-KE

Symbol א(SI) Unit אQuantity א
m meter אlength א
kg kilogram אאmass א
s second אtime א

                                                 
١١EאאF١-٦EאF١-٤Eאאאאא،אאK 



א١٠١ אא 

LLאאאאאאא 

 

- ٣ - 

K kelvin אthermodynamics 
temperature אא

A ampere אelectric current א
cd אcandela אluminous א

mol mole אamount of 
substance א

אF١-١EאאאאF١E

Symbol א(SI) Unit אQuantity א
rad אradian אplane angle אאא
sr. אsteradian אsolid angle אאא

אF١-١-Eאאאאא

אאאW

١-٢-١אאThe Metric SystemW
אאאא،אאאאא،

אאאאאאאF١-١E،אא(MKS system)

אאאאאאא(Meter, Kilogram, Second)
אאאKelvinאא،(K)K

١-٢-٢אאThe Gaussian system (CGS)W
א א א א ،א א א אא

אאאא،(MKS)،א
אאאאאK

א א  אGauss، (CGS system) א  אא  
אאא א אא (Centimeter, Gram, Second)

אאאא(K)אאK


                                                 
F١EאאאאאאKאאF١-٦KE 



א١٠١ אא 

LLאאאאאאא 
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١-٢-٣אאThe British System (FPS)W

אאאאאWא،א،א،
  א (FPS System)א א א א   א א א 

א(Foot, Pound, Second)،אאאאFahrenheitK
  א  א     א א א  

 א  א K א א א   (MKS)(CGS)
אאא אא  אאא 

אאאאאKאאאK

١-٣אאאאInternational System Units (SI)W
אאאאאא،אאא

א א        א א א אF،א ،א
אE،א אאא،אא א

،אא،אאאא
  א א  א א  א     

אK

١-٣-١אMeterW
אmeterאאא(SI)אא

אאאא،،אא
אאאאא אא א

،אאאF١٧٩٩EK


 א  אא  א א   א א)meter10( 7 K  

אאאאאא)meter104( 7×א،
אאאא Kא ،אאא א



א١٠١ אא 

LLאאאאאאא 
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א(0.08 mm)אאאK،אא
،אאאא

אאא،،
،א אא،אא

אאאF١-٢KE

 
Symbol 

א
Quantity in Meter 


Name 
א

cm 1 × 10 -2 m  centimeter 

mm 1 × 10 -3 m  millimeter 

µm 1 × 10 -6 m  micrometer 

nm 1 × 10 -9 m  nanometer 

A° 1 × 10 -10 m  angstrom 

fm 1 × 10 -15 m  femtometer 

א
אא

in 2.54 × 10 -2 m ، inch 

h 1 × 10 2 m  hectometer 

km 1 × 10 3 m  kilometer 

mi 1609 m  mile 


אא

--- 9.468 × 10 15 m  light-year 

אF١-٢Eאאאא

אאאא א אאא א
،אאK

אאF١EThe Calibrated MeterW

)73.1650763(אאאאאא)d5( 5
)p2( 10F–Eאא(86)א،

אא)meter10( 8−אא،W

                                                 
F١Eא١٩٨٢אאא،אF٢٩٩٧٩٢٤٥٨L١EאאK 



א١٠١ אא 

LLאאאאאאא 
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אאאאא
אא)C210( °−K

١-٣-٢אSecondW
אsecondאאא(SI)אא،

א א،א Kא א ،אא 
 אא)HZ9192631770(אא (133) 

cesium atom  א א א ، א   א  ،K
א،אאאאF١-٣EאK

 Symbol 
א

Quantity in Second 


Name 
א

ms 1 × 10 -3 s  millisecond 

µs 1 × 10 -6 s  microsecond 

ns 1 × 10 -9 s  nanosecond 

א
א
א

ps 1 × 10 -12 s  picosecond 

min 60 s  minute 

h 3600 s  hour 

d 8.64 × 10 4 s  day 


א
א

y 3.156 × 10 7 s  year 

אF١-٣EאאאאFאEאא

אא  Wא  (86400)،א
אאאאא(86400)א،W

)86400/1()24/1()60/1()60/1(s1 ==  

אאאא(1967)K



א١٠١ אא 

LLאאאאאאא 

 

- ٧ - 

١-٣-٣אאKilogramW
אאאאאא(SI)אאא،

אאאאאא،א
،אאאא

(3.9 cm)Kאא؛א
   אא)C4( °א אא      Kא 

    )1001188.5(אא؛ 25×א (12)א،
א ، א א ،  א א א א אא

אא אאא אא 
א،אאאF١-٤EאK

Symbol 
א

Quantity in Kilogram 
א

Name 
א

g 1 × 10 -3 kg אאgram 

u 1.66 × 10 -27 kg אא atomic mass unit 

oz 2.835 × 10 -2 kg  ounce 

lb 0.4536 kg ، pound 

sl 14.59 kg  slug 

ton 103 kg ton 

אF١-٤EאאאFאאE،
אא

١-٣-٤אKelvinW

אאtemperatureאא(SI)،Kelvin 

scale אא אthermodynamics   ،)16.273/1(א אא  
،אאאאKאאאא

אא(SI)K





א١٠١ אא 

LLאאאאאאא 

 

- ٨ - 

١-٣-٥אAmpereW

אאelectric current intensityאא(SI)א،
אאאא

، א     )N102( 7−×א  א א  
א(SI)K

١-٣-٦אCandellaW

אluminous intensity)60/1(
black body radiation)cm1( 2אא)K2045(א،

אאאאא،א(SI)K

١-٣-٧אMoleW
אamount of substanceאא

   א אא    א (12)אא   א
)kg1012( 3−×אאאאא،אא

אאאאא،אא(SI)K
א אF١-١ Eאא radianא אא  

  א )3.57( ° אא ،steradian א אא   
אKאאK

١-٤אDimensionsW
אא،אא

א،אאא،אאאאdimensional 

consistency and units consistency،אא،Wא،א،
א،א،אא،אא،א،אא

אאאאאאW




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

אא[K]א[L]

אא[A]א[M]

א[Cd]א[T]

א[Mol]
אאאאא[ ]א،،

א،אאאאאאא
אאאאאאאאW

١-אאאאK
٢-אאאאK 

٣-אאאאאאאK 

٤-א،(MKS)(CGS)K 

אאאא،אאא
،א א אא  א،א،

،אאאW

t
xv =  

אW

[ ] [ ]
[ ] [ ][ ] 1TL
T
Lv −==

אאא[ ]אא،אאאא،
]L[،אאא]T[אא(1)א،אא

אאאאW

[ ] [ ] 11 smTL −− =
א،אאאאW

)s/m(א(MKS)אאאאא،
אאאK
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F١-١EExample
אאאאאאאאא

Isaac Newtonא،،
אK
אForceאW

amF rr
=

(m)א ،)a( r،א  א   א
א)s/m(א)s(אW

)s/m(
)s(

)s/m(
t
va 2===
∆
∆rr 

אאא)kg1(א)s/m1( 2א،W
)s/m)(kg(amF 2==

rr
 

،אא א אא  א
אW2]T][L][M[ −

אא)s/m.kg( 2אK

F١-٢EExample
א א  א א   ،א אא

אא،אאW
rFW rr.=  

)F(
rא)r( vאאאאא،א

،אא،אאא،אא
Wאאא،א

)
s
mkg(

)m)(
s
mkg(J

2

2

2

=

=
 

א،א،אאאאK
א22 ]T[]L][M[ −K 



א١٠١ אא 

LLאאאאאאא 
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אאאא)N1(א
)m1(אא،אאאאא

אאK
אאא

CoulombVoltא،אK
אאאא،אאא

،אאאאא
،אאאא?אאאא?Dimensions and units 

theoryKא،
אאFEאאאאאאא

אאאא،א
אK 

F٣-1EExample
א אא א   א   א א  ،(m)

(ν)K
אSolutionW

אאא(A)אאW
γβα TMCLA =  

  א),,( γβαא   אא     ،א
،אאCאאא،אאא

אאא،אW

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= 2

2

s
mkgJ  

[ ] [ ]
[ ] [ ] [ ]γβα TML
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W
α = 1,β = 2,γ =  -2 
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LLאאאאאאא 
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אW
2mv

2
1K =  

W
)2/1(C =  

אאאאאF١-٥KE
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 

אF١-٥EאאאאאאF١E
Prefixes for (SI) units 

אאאאprefixesאאא(yotta)،
א א  א(yocto) K  אא   א א 

אאF١-١KE
אאאאא

א)( rεא،א
אאK

                                                 
F١E،אאאאאא--

אאאאK 
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אאאאאאאא
dimensional analysisאא،W

F١-٤EExample

אאאאאאא
אאW

t
d

)TT(
kAQ 12 −=  

אאאאW

QWאאאאconducting heat،kWאאא
thermal conduction coefficient ،A W ،א  )T,T( 12 W  אא 

،אtW،אdWאאאK

אSolutionW

אאאJouleW



אאא

א

אא

א

Z

Z

Z

Z

]L[d

]K[T

]L[A

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

]T[]L][M[Q

2

13

22

=

=

=

=

=

−

−

אאאאא
אאK



א١٠١ אא 
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2222

121322

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

−−

−−−−

=

=
 

אאK

F١-٥EExample
אא،אאאאאאא

אאא)R()I(א،
אאאאא،א

resistive powerאאא،(P)K

אSolutionW

אאW
232 ]A[]T[]L][M[R −−=  

אאW
32 ]T[]L][M[P −=  

אאW
]A[I =  

אא)P(אא،אא
אאW

βα RIP ∝  

אW

ββββα

ββββα

322

23232

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

−−

−−−

=

=
 

א،אאאאW

βα
βα

2
02

=
=−

 

[L]،אאאאW
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2β = 2 

  β = 1 

  α = 2 

אW

22

232

232232

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

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

=

=

=
−−

−−−

 

אW
RKIP 2=  

W
K = 1

אאאא
אא(SI)א،F١-٦KE

א
א

אF١E
Dimensions 

אQuantity אא

2m  L2 א area A 

mol  Mol אamount of substance X 
2ms−  2LT −  אFאEacceleration a 

12 smkg −  12 TML −  אאאangular momentum T 

A A אcurrent I 
2421 Asmkg −−  2421 ATLM −−  אcapacitance C 

3mkg −  3ML−  אאmass density p 
22 smkg −  22 TML −  אenergy U 

1sA −  AT אאelectric charge C 

אF١-٦Eאאא



                                                 
F١EאאK 



א١٠١ אא 
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א
א

א
Dimensions 

אQuantity אא

132 Asmkg −−  132 ATML −−  אאelectric potential V 
13 Asmkg −−  13 ATML −−  אאelectric field strength E 
232 Asmkg −−  232 ATML −−  אא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 אאluminous flux Φ 
2mcd −  2LCd −  אluminance L 

kg M א mass m 
2mkg  2ML  אאאmoment of inertia I 

112 Asmkg −−  122 ATML −−  אאmagnetic flux BΦ  

12 Askg −−  12 AMT −−  
א

א
magnetic field density B 

m A L A אאmagnetic pole P 

Am 1−  AL 1−  אאmagnetic field 
strength T 

22 Askg −−  22 AMLT −−  אpermeability mk  
2skg −  2TM −  אאsurface tension J 

12 Ksm −−  122 KTL −−  אאאspecific heat C 

s T אtime t 

K K אאtemperature T 
22 smkg −  22 TML −  אאtorque T 

13 Ksmkg −−  13 KMLT −−  אאאthermal conductivity k 
3L  3L  אvolume V 

1LT −  1LT −  אvelocity v 

אF١-٦Eאאא
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W-א-א[ ]
אK

אאאאאא
 א  א א F١-٧ Eא א א   אא 

K
אאlower caseאcapital

אאא،אאאאאאאאאK
),,,,( βγθωαK

א)(η،א)(λ،אא)( ρ
،א)(ν،א)(πאאא،אאא

אאPlane angleאאאאא،solid angle،
אKאאא،אא)(Ω،א

،א)Z(،אאאאאK
אא

Capital 
אא
Lower case 

אא
Greek Name 

אא
Capital 

אא
Lower case 

אא
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 
F١-٧EאאאאF١E

                                                 
F١Eאא،אאאא،אאאאK 



א١٠١ אא 

LLאאאאאאא 
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F٦-1EExample
אאאאאאProjectile(x)

 אאא א)v( o אא،)g( r Kאא א
אאאאאאאאK

אSolutionW
)g,v(x o∝  

א،אאא(K)،
אא،אא

אאאאK
אאא),( βα

βα gvKx o=  

אאאאאאאא
אאK

אאאא،א،אא
W[L]

אאאאW
{ } { }

βαβα

ββαα

βα

2

2

21

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

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

−−+

−−

−−

=

=  

אאW
βαβα 2]T{]L[]L[ −−+=  

אא،א0]T[،א
א،אאאW

βαβα 20 ]T[]L[]T][L[ −−+=  

אאאאא،
אאdimensions analysis

∴ α + β = 1 ⇒ α = 1-β         (1) 

-α-2β = 0 ⇒ -α = 2β 



א١٠١ אא 

LLאאאאאאא 
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∴ -(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=∴

אאאאאאK

F٧-1EExample
אאאאאא)x(aW

2
oo at)2/1(tvxx ++=  

)x( oאאאא)t(،אאאא)v( o
אאאKאאאאFאKE

אSolutionW
אאאW

[L] 
אאאW

221 ]T[]T][L[]T[]T][L[]L[ −− ++  

א ، א אא   
אאא،אאאאW

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

]L[]L[

22

1

==

==

=

−

−  

אאאאK
F١-٨EExample

frequencyoscillationאא)f(א)F(
r

אmass per unit lengthFlm/EK



א١٠١ אא 

LLאאאאאאא 
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א א א א  א ،א אא  א   
אאאאK

אSolutionW
אאאW

)/m,,F(f ll∝  

אאאאא،א،(K)K
γ

βα ⎟
⎠
⎞

⎜
⎝
⎛=

l
mlKFv

אאאdimensions 
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،אאאאאא(SI)(s-1)K
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Wאאאא( ) 2
1

l/m −،
   א  1)l( −  ،   א  א א



א١٠١ אא 

LLאאאאאאא 

 

- ٢١ - 

،אאאאא،אאא
אא( ) 2

1
l/m −א،(m)א)l/m(K



א١٠١ אא 

LLאאאאאאא 
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א
Summary 

 
• אאאאאאא

א،אאא
א،אאאאא،אא

א(SI)אאאK 
• אא(MKS)אא،(CGS)אא

(SI)،אאW،אא،א،א،א
،אאאא،אאא

א،אא،א،אאאא
אK 

• אא(FPS)-،אא،אאא،א
אאא-אאאאא

K 
• אאא-אאאא-אא

،אאאא)CNm109( 129 −×
אאא)esucmdyne1( 22 −Kאאא

K 
• אאאאF١-٥E،

אאאאאא،אא
،אאאאK 
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אאא
Self Test Exams 

אאאאאאאא،
אא،אאאאאאK

אאאאW
אאאאאאא،
 א אא)/p( l  ،)p(   א  א)( l،  

א،א)visconsity()(ηא)r(K
  א אאאאאאא

אאאאאK
אאאאW

אאאאאאW
g)(

v
rK s

2

lρρη −=
 אStock’s law،)r(אאא

א)( sρ،)v(אאאא)( lρ)(η،)g(
אא

9
2K =א،K

אאאאW
  black body  )A( א א  ،)T(א  ،

א(Q)א)t(K
אאאאאW

4TtAQ σ=
 )(σ    Stefen-Boltzman constant א ، אא 

אאאאאאא(SI)K
Wאאאאאא

،אאאאאאאאFEK
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אא
Unit One Exercises & Problems 

 

١-١אאאאאאאאאא،
אאאאא(SI)K

،אא،א،א،א،א،א،א،א،א
א،א،אK

١-٢אאאאאאאאאW

JאWamF rr
=

)F(
rא(m)א)a( rאK

JאW2
21

r
mm

GF =
r

  )F(
r ،א)m( 1 ،א א )m( 2 ،א א )r(

،אא)G(אאK
JאאW

2
o

o

tx)2/1(tvxx

txvv

++=

+=
 

)v(،אא)v( oא،אא)x(،אאא)x( o
،אאאא)t(אK

١-٣א،אאאאאאאאאא
،אאאא)l(א،

א)m(אאא،)T(אא،)g(K

١-٤،אאאאאאאאאאאא
אאאאאאאW

-WkxF −=
r

)F(
rא،)x(،אאא)k(K
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-אאW2
21

r
mm

GF =
r

)F(،א)m( 1،אא)m( 2،אא)r(א
،א)G(אאK

١-٥  א  א אא א   אא  א 
(MKS)א(CGS)Kאאא(CGS)א؟K

١-٦אW

-K

-K 

-K 

-K

אאאK

١-٧א)m1037.6( 6×W

-אאאK

-אאאאK 

-אאאאK
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א
Optional Problems 

 

١-١אא)s.m103( 18 −× Kאאא
אWLKLK

١-٢אא،א א אא 
א)u1(،א)u1(K

- אאK

- אאא)kg104.1( 21×،א
؟





 

 

אאאא 

 

אאאאאא 

אאא
אאאאא

אאאא 


א




א



א


א



٢
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٢-١אIntroductionW
אאאאscalarsאאvectorsא،

،א،א
،אאאא

(x-y plane)א(x)א(y)אא،אא
אאא(x)אcounter clockwise،

א،אא
אאאאK

אאאא،אאא،
،אאא،אאאא

אאW
١-א،אאאK
٢-אאאאאא
אK
٣-אאאאאאK
٤-אאאאאאא

אאK
٥-א،אאא،א

אאK
٢-٢אאScalarsW

אאscalarWאאW
١Jא magnitudeK
٢Jmeasurment unitK 

unit،W(5)
אאא،

א؟אאאאאWא(5 kg)،
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א،אאאא،א
אאא،אאאאאא

אK،אאא
אאאאאאאאK

٢-٣אאVectorsW
אאvectorWאאא

W
١-אאmagnitudeK
٢-אdirectionאא،(xy)אא(xyz)K
٣-action pointK
٤-action axisK

אא،אאאforceאא،displacementא،א
magnetic fieldא،velocityא،accelerationא،momentum Kא

אאarrowאא،
אאא؛אאא

אא،א،אאאאא(10 N)
א א  (N-W direction)،א    א 

(1 N)،אאאאא
אאF٢-١KE
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
אF٢-١Eא)( F

rא(10 N)
אאאF١E

אאא،
)A(

rאא،(A)א،א
אF٢-١Eא)F(

rא،א(F = 10 N)אאאW
אא؟אאאאאאאאK

אאW؛،אאאא
אאאאאK

٢-٤אאאAdding Vectors: Graphical MethodW
א א א א  א א 

אא،K
א ،א א  א     א )A(

r)B(
rKא

אF٢-٢KE

                                                 
F١Eאאא،אאאאאאא،(45°)

،(135°)אאאאאK
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
אF٢-٢Eא)( A

r)( B
r

אא،אאאF١E)A(
r

א،אא)B(
rא

אא)A(
rאא،)A(

rא)B(
r،אאא

אא)C(
rאאאא)A(

rא)B(
r

א)A(
r)B(

r،W
C
r

= A
r

+ B
r

          (2-5) 

אאF٢-٢KE


אF٢-٢Eאאא

אא)C(
rאא،אאא،

אcosine lawאאא،)A(
r)B(

r
 אאאא א)A(

rא א)B(
r א א ،?א?

W
)(cosAB2BAC 222 θ++=  

אאאF٢-٨-١EאאK

                                                 
F١E(A)אא)BAC(

rrr
+=،)ABBA(

rrrr
+=+K



א١٠١ אא 
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F٢-١EExample
אאא)A(

r)B(
rאF٢-٣E،אא

)90( °=θK


אF٢-٣E

אSolutionW
אאאא90(א( °=θא،W

47.4C
20C

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

2

22

222

=

=

=+=++=

++= θ

 

Wא)C(
rאאאא،

אאK

F٢-٢EExample

אאcosine law،א)4B,3A( ==א
F٢-٤E،אאא)30( °=θK


אF٢-٤E
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אSolutionW

 א  א      א  א  
אW

76.6C
78.45)8660.0(24169C

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

2

222

222

=

=++=

×++=

++= θ

 

F٢-٣EExample
אא،)N6F( 1 =

rאא،)N9F( 2 =
rא(P)،אא

F٢-٥E אא  א א      א  א ،
)120( °=θK


אF٢-٥E

אSolutionW

אאאF٢-٢Eאאאא،
W
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אא،אא
אא،אאאא،אאא

אאאא)F(אא؛
א،אא،א

א)F(K

٢-٤-١אVectors Addition PropertiesW

אאאW

١-אאcommutative lawWאאאא
א،)A(

r)B(
vאאא

אאW
ABBA
rrrr

+=+          (2-6) 

אF٢-٦KE


אF٢-٦Eאאא)A(

r)B(
r

٢- אא אassosiation lawW א   א 
אFA

rB
rC

rEא،אאW
)CB(AC)BA(

rrrrrr
++=++         (2-7) 

אF٢-٧KE
אא)A(

rא)A(
r

−W
0)A(A =−+

rr
          (2-8) 
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
אF٢-٧E؛אאאא 

)A(
r)B(

r)C(
r،אW)CB(AC)BA(

rrrrrr
++=++

אא)A(
r

−אא)A(
rא،،

،אאאאאאאאF٢-٨KE


אF٢-٨Eא)A(

r)A(
r

−

٢-٤-٢אVectors SubtractionW
אא،אאא،

אאאא)B(
rא)B(

r
−

אאF٢-٩KE


אF٢-٩Eאא

אא)B(
r
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)( BABA
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אאא)B(
v

−א)A(
rK

   א א   אא  א   
אאK

٢-٥אVectors and their ComponentsW
 א א    vector א א א  F٢-٤ E 

،אאא،א
אאא Kאאאא א

א(x, y)אcartesian axesאאא
x-componentsy-componentsא،

א،אאאW
א -١ א   א א  אא (0.0)א א א

K
٢-אאאאאאא--אאK
٣-אאאאאא(sin)א(cos)א(tan)

א،אאK
אאF٢-١٠Eא،)A(

rאא،)A( xא
)A( yאא)(θאאאא)A(

rK
אאF٢-١٠EאW

١- )A( x)A( yאא)A(
rK

٢-א אא א F١E،א א
אאאאאKאא

(a b c)אא،)A( x)A( yא،)A(
rאא

(0,0)אאא؛K

                                                 
F١Eאאא،،אK 
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א

א


אF٢-١٠EאאFA

rEאא(x, y)א

٣-א אאאא )A( x
)A( yאאא)(θאאא)A(

rK

A
A

)(cos x==θ  

)(cosAAx θ=           (2-10) 

W

A
A

)(sin y==θ  

)(sinAAy θ=           (2-11) 

א(x, y)אאאא،א)(θK

١-אא)90( °=θא،W
0)90(cosAAx ==  

אא،אW
A)90(sinAAy ==  

،אאאא)A( yK

٢-אא)0( °=θא،W
A)0(cosAAx ==  

א

א
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- ٣٧ - 

،אאאא)A( xW
0)0(sinAAy ==  

אאאK
א אא،א  א ،

א א א א א אא א )0( =θא
،אאא،אאאאK

٣-א(2-12)(2-11)W

)(cosA
)(sinA

A
A

x

y

θ
θ

=  

x

y

A
A

)(tan =θ           (2-12) 

(2-12)،אא
)A( y)A( x،אאאאא...),A,A,A( 321

rrr،
W
)A( y( )∑ yAW

...AAAA 3y2y1yy +++=∑ 
)A( x( )∑ xAW

...AAAA 3x2x1xx +++=∑ 
אא...),A,A( 21

rrK
אאאאא،א)(θאא،

(2-12)אאW

∑
∑=

x

y

A
A

)tan(θ  

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

∑
∑−

x

y1

A
A

tanθ          (2-13) 

אאא(2-12)(2-13)אא
אא،אא،א 

אא(2-13))A/A( xy ΣΣ،אאא
W
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45
)1(tan

1)(tan
1

=
=

=
−θ

θ

 

אF٢-١١Eאא(a b c)אW


אF٢-١١Eא)A( x)A( y(a b c)

)A( x)A( yאאא   א אא(a b c)،
אFA

rEא،אW
222
yx AAA += 

22
yx AAA +=          (2-14) 

אא،(2-12)(2-13)אא،
(2-14)(2-15)אK

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

א   א א  א   )A(
r    

א)A( x)A( y،אא)A( yΣ)A( xΣאK

F٢-٤EExample

א،אאא
(215 km)א(22°)אאאא،א

٢KE-F١٢אאא؟

אSolutionW
א)A(

rאא(0.0)،אאאא
(90°-22°)אאא،W
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km215A =  

אא)A(
rאאK

km5.80)68(cos215
)(cosAAx

==
= θ

 

אא)A(
rאאK

km34.199)68(sin215

)(sinAAy

==

= θ
 


אF٢-١٢Eא،F٤J٢E

א،א(2-13)(2-14)W
( ) ( )
( ) ( )

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
 

٢-٦אUnit VectorsW
אא،אא،אאאאא

א)z,y,x(א،אאKא
א،אאאאאאאאא

אאKא،אאאא
אunit vectorsאאK
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z,y,x((אא))k̂,ĵ,îאאאאאא
אאK

אא)k̂,ĵ,î(אא،
אKאאאא،)î()ĵ(א

א)y,x(،)A( x)A( yאא)A(K
אאא،אאאאא

F٢-١٣KE
אאאאאא

אאאאאW
k̂ÂĵAîAA zyx ++=

r
         (2-16) 


אF٢-١٣Eאאאא

)k̂,ĵ,î(א

אאF٢-١٠Eאאאא
אא)A( x

r)A( y

rאאW
ĵAîAA yx +=          (2-17) 

אא،אאאF٢-٥KE

F٢-٥EExample

א)A(
rאאאאW

k̂3ĵ5î4A +−=
r

 

אאאW
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k̂3,ĵ5,î4 −+  

אW
3,5,4 +−+  

אאא(x, y, z)،אאF٢-١٤WE


אF٢-١٤Eא)A(

rאא
אאאאא

٢-٧אאAdding Vectors by Adding their ComponentsW
אאא،)A(

r)B(
r)C(

r
אאW

k̂AĵAîAA zyx ++=
r

         (2-18) 

k̂BĵBîBB zyx ++=
r

         (2-19) 

k̂CĵCîCC zyx ++=
r

         (2-20) 

אאאאאW
xxxx CBAR ++=          (2-21) 

yyyy CBAR ++=          (2-22) 

zzzz CBAR ++=          (2-23) 

k̂RĵRîRR zyx ++=
r

         (2-24) 
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א)z,y,x(،אא W)R,R,R( zyx،
א)R(

rאא)k̂,ĵ,î(K

F٢-٦EExample

א)R(
rאאאאW

k̂ĵîC

k̂ĵîB

k̂ĵîA

24

233

264

+−=

−+=

++=

r

r

r

 



אSolutionW

2222R

5436R
8134R

z

y

x

=+−=

=−+=
=++=

 

אW
k̂2ĵ5î8R ++=

r
 

٢-٨אאVectors ProductW
 א    ،א  א א  א  א  W

،אאאאKK

٢-٨-١אאVectors Salar ProductW

 אא א אscalar،
א  ،    אא

אW
( )θcosBAB.A =

rr
         (2-25) 



א١٠١ אא 
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)A(
r)B(

r،אא)(θאאאF١E،
FBdotA

rrE،אאF٢-١٥KE


אF٢-١٥Eאא)A(

r)B(
r



אcommutative lawא)A(
r)B(

r،
אאF٢-١٦KE


אF٢-١٦Eאאא

אאא(a b c)W

)(cosAA
A
A)(cos

θ

θ

=′

′
=

 

אא)A( ′אא)A(
rאאא)B(

rK
אא)A(

r)(cos θ،(2-26)א
W

[ ] BAB)(cosA
)(cosBAB.A

′==
=

θ
θ

rr

 

                                                 
F١Eאא( θ )א?אאא?אאאא( 360° - θ )K 
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א)A.BB.A(
rrrr

=א)B(
rא

)A(
r،אאF٢-١٦Eא)B(

r)(cos θאא(a d f)W
( )

( )θ

θ

cosBB
B
Bcos

=′

′
=

 

 א )(cosB θ )B( ′ אא  ،)B(
rא אא

)A(
rאא)B(

r)(cos θK

(2-26)אW
( )
( )[ ]

BA
cosBA
cosBAB.A

′=
=
=

θ
θ

rr

 

אאאאאא
،אאא،

،אאאW
A.BB.A
rrrr

=  

אאאא?א?א
א٢-٤،?א?אF٢-١٧KE


אF٢-١٧E

 א  )A(
r)B(

r א א )C(
r،    אא)(θ ،

אאאKאאאא)C(
r،W

2C

)(cosCCC.C

=

= θ
rr

 

אאא،א1)0(cos = 



א١٠١ אא 

אLLאאאאאאאאאא 
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W

)(cosAB2BAC
B.B

)(cosBA)(cosABA.A

)BA(.)BA(CC.C

)BA(C

222

2

θ

θθ

++=

+

++=

++==

+=

rr

rr

rrrrrr

rrr

 

אאFEא?אK?
אאאFE،אאF٢-١٨E،

אW

)(cosA2BAC
BAC

222 θ−+=

−=
rrr

 


אF٢-١٨E

Wאא،אא)90( °אאאא
א،אאאאא،،

אאאאאאK
אאאא،אאא

אאאW
١-1)0(cos11)(cos11î.î === θ
٢-0)90(cos11ĵ.î ==
٣-0)90(cos11k̂.î ==

אאאW
1kji ===  
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אLLאאאאאאאאאא 

 

- ٤٦ - 

אאאא،אאאK
٤-אאאאאא

אW
)k̂BĵBîB)(k̂AĵAîA(B.A zyxzyx ++++=

rr
 

W

k̂BĵBîBB

k̂AĵAîAA

zyx

zyx

++=

++=
r

r

 

 א  א א  א  ٢E-F٧א א א א  ،
אdistribution lawK

F٢-٧EExample

)A(אθ)(אאא
r)B(

rאאאW

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

 

אW

3330
18

6 .)(cos −=
−

=θ  

θ = cos-1 (-0.333) = 110° 
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אאא)A(
r)B(

r)110( °=θK

٢-٨-٢אאVectors ProductW
אאאאאvector،،

אאאא،אא
אאאאא،אW

)(sinBACBA θ==×
rrr

        (2-26) 

(C)אא،אא)(θאאאא
א)A(

r)B(
r،אאF٢-١٩E،FBcrossA

rrEK


אF٢-١٩EאאאFA

rEFB
rE

אא)C(
r،אאאאאF٢-١٩E،

،א،אאאא
אא)A(אאא)B(אא،אאא

אא)C(אא،אW
BAAB
rrrr

×−=×          (2-27) 

אאאאאא
אאW

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

     (2-28) 

)BA(
rr

×אdistribution lawאא،
אאאאאא)z,y,x(



א١٠١ אא 

אLLאאאאאאאאאא 
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א،אאאאאWאא
)î()ĵ(אW

)(sinjiĵî θ=×  

W
1ji ==  

א90(א( °=θאאא،)k̂(אאא
אא)î()ĵ(אW

k̂)k̂(1)90(sin11ĵî ===×  

אאאא،אאאאא)k̂(
א)z(KW

k̂ĵî =×           (2-29) 
îk̂ĵ =×           (2-30) 
ĵîk̂ =×           (2-31) 

אאאאאאF٢-٢٠KE


אF٢-٢٠Eאאא(i)(j)(k)

F٢-٨EExample

אאאאW

k̂îB

ĵîA

32

43

+−=

−=
r

r

 

אאWBAC
rrr

×=







א١٠١ אא 

אLLאאאאאאאאאא 
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אSolutionW

k̂8ĵ9î12C

)î(12)k̂(8)ĵ(90

)k̂3ĵ4()î2ĵ4()k̂3î3()î2î3(

)k̂3î2()ĵ4î3(BAC

−−−=

−−+−+=

×−×+×+×−=

+−×−=×=

r

rrr

 

אא،אאאאא،אW
0=×=×=× k̂k̂ĵĵîî         (2-32) 

W
0)0(sin11îî ==×  

)ĵĵ( ×)k̂k̂( ×K



א١٠١ אא 

אLLאאאאאאאאאא 
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א
Summary 

 
• א א Wא  א،  א     

אא؛אאאאאK 
• א א Wא  א  א     

    א Kאא  
אאאאK 

• א א    Wא א א     
אאאאאאW 

∑
∑

∑
∑

=

++=

++=

x

y

y2y1y

x2x1x

A
A

)tan(

...AAA

...AAA

θ



אWאאאאאא
אא)k,j,i(אאW

kCjCiCC

kBjBiBB

kAjAiAA

zyx

zyx

zyx

++=

++=

++=

r

r

r



،אאאאאאא
،אאאאW

kRjRiRR zyx ++=
r

• א W   (B, A)א     ،
אW 

)cos(AB2BAC 22 θ++=
r

 
)A(،אאאא)B(،אאאא)(θאא

אאK
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• אאWאא)A,B(אאW 

)cos(BAB.A θ=
rr

A،אאאBאאא،א)(θ
א،אאאK

• אאWאא)A,B(אאW 

)sin(BABA θ=×
rr

אא)C(
rאאא

)A,B(א،אאאא
אאאK 
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אאא
Self Test Exams 



אאאאאאאא،
אאאאאאא،K

אאאאW
)F,F,F( 321

rrr)m(،אאF٢-٢١KE

١-אאאאK

٢-אאK


אF٢-٢١Eאאאא


אאאאW

  א א x-component א א ،y-component א 
אאאF٢-٢٢KE
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
אF٢-٢٢Eאאאא

אאאאW
אאאאאאF٢-١٥E،

W

١-אאא∑ xFK

٢-אאא∑ yFK

٣-אא،אK

אאאאאW
א)A(

r)B(
rאאאW

ĵ3î3B

ĵ3î2A

+−=

+=
r

r
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W

١-א)A3(
rא،)B2(

rK

٢-אאאא)A(
rא)B(

rK

٣-א)BA(
rr

+א)BA(
rr

−K

٤-אאא)(θא)A(
r)B(

rK

٥-אא)B.A(
rrK

٦-אא)BA(
rr

×K

 W   א א א   אא א  
،אאאאאאאאFEK
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אא
Unit Two Exercises & Problems 



٢-١ א א  ))Aא
r (7) א  ، א א(250°)

אאאאאאאאא)y,x(
אא)A(

rK

٢-٢אאאא)A(
rW

x = -25 

y = 40 

١-אאא)A(
rK

٢-אאאא)A(
rאאאK

٢-٣אאא)R()m15(
r א)30( °א

אאאא،אא)y,x(א،
אK

٢-٤،א)m5.12(
אא)20( °،אאF٢-٢٣KE


אF٢-٢٣Eא،F٢-٤E

١-אאאאאאאK
٢-אאאאK

٢-٥אאא)C(
r)D(

rאאW
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0D,0.2D,4.4D

1.6C,8.3C,4.7C

zyx

zyx

===

−===
 

א)R(
rאאK

٢-٦א)A(
r)B(

rאאאW

ĵ7î13B

ĵ3î4A

+−=

+=
r

r

 

١-אאא)î()ĵ(K
٢-אאא)R(

rא)BA(
rr

+K

٢-٧אא)A(
r)B(

rאאאW

ĵî5B

ĵ4î3A

−=

+=
r

r

 

אאא،אאאW

ABR

BAR
rrr

rrr

−=

+=  

٢-٨אא)A(
r)B(

rאאאW

k̂4ĵîB

k̂ĵ3î4A

++−=

+−=
r

r

 

W١-)BA(
rr

+K
٢-)BA(

rr
−K

٣-אא)C(
rW

0CBA =+−
rrr

٢-٩אאא)A(
r)B(

r)C(
rW

ĵ4î3C

C4BA

C2BA

+=

=+

=−

r

rrr

rrr

 

א)A(
r)B(

rK
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٢-١٠א)A(
r)B(

rאאF٢-٢٤Eא(10)،א
אאאK


אF٢-٢٤Eא،F٢-١٠E

١-א)R(
rאא)A(

r)B(
rK

٢-אאא)R(
rK

٣-אאאא)R(
rאאאK

٢-١١א א א א Kא
   א)m12( א א ،)m6( א א ، )m3(

א،Kאאאאא؟
אF٢-٢٥KE


אF٢-٢٥Eא،F٢-١١E

٢-١٢ א א   א א א    אא
אאW

1k̂.k̂ĵ.ĵî.î ===           -1 
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0î.k̂k̂.ĵĵ.î ===           -2 

0k̂k̂ĵĵîî =×=×=×          -3 

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

٢-١٣אאא)A(
r(10)אא،א)B(

r
(6)אאא،א(60°)،W

١-אא)A(
r)B(

rK
٢-אאא)A(

r)B(
rK

٢-١٤אא)A(
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א
Optional Problems 



٢-١אא،אאאW

١-)m1200(אא)40( °K
٢-אאאאא)123( °אאא

)m258(،אאF٢-٢٦Eא،אאאK


אF٢-٢٦E

٢-٢אא)A(
r)B(

r)C(
rאאאW
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++=

+−−=

−+=

r

r

r

 

W
)CB(.A),CB(.A),CB(A

rrrrrrrrr
×++×  
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٣-١אIntroductionW
אאאאא

אאאאא،א
אאאאאF١EK
אmechanicsאforceאmotion

אאאאא،
אK

אאאאאאא
،א،W

١-אאWאאאmicroscopicא،א
אאatoms،אmolecules،א

אא?אquantum mechanics?K
٢-אאWאאא

אspeed of light،אאאrelativityK
אאאא،אאא،

אאא،אאאא
אFE،אאW

١-،אאאא،אאאא
אאאאK

٢-אאאא
אא،אK 

٣-אאאאא
אK

                                                 
F١Eא،א،אאא

א،אא،אK 
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אLLאאאאאאאא 
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٤-אאא،אא
אאאאK

٥-אאאאK
٦-אאאK

،אאאאא
،אאK

٣-٢אאDisplacementW
  AB،אאF٣-١E א،displacement

א،אאאאאאAאBK
א א א  א    א F١E  אF٢ E א

אF٣-١Eא،distanceא،
אאWאאאאABאא،Aא،B،

אאאאאK


אF١J٣Eאאאא

٣-٣אאAverage VelocityW
אאaverage velocityא)v(אא،

אא)x(∆אא)t(∆אאאאKW

12

12

tt
xx

t
xv

−
−

==
∆
∆

         (3-1) 
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   א   א א)v( א א    
(x, t)،אאאא)t,x( 22אאאאא)t,x( 11،

אאאא،
אW

x = f(t)           (3-2) 
(x)function(t)אא،(x)אאKאא

אאאvectorK

F٣-١EExample

אאאאאאאW

x = 3t – 4t2 + t3 

١-אא)4,3,2,1(K
٢-אאאא)0t( 1 =)s4t( 2 =K
٣-אאא)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 

∆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 ===
∆
∆  
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٣-٤אאInstantaneous VelocityW
אאintanntaneous velocityאאaverage 

velocityא،אאא
אW

dt
dx

t
xlimv 0t == → ∆

∆
∆          (3-3) 

אאא(v)א(3-3)אאאא(x)
(t)אא،،W

F٣-٢EExample

،אאאW
x = 2 - 2t + 4t2 

אא(x)א(t)אK

אאt = 1 sK

אSolutionW

אאt = 1 sאאאW

)s/m(6
)1(82t82

)t4t22(
dt
d

dt
dx)s1(v 2

=
+−=+−=

+−==

 

٣-٥אAccelerationW
אאא)v( 1אא)v( 2

אאאאא،
average accelerationא)a(אאW

t
v

tt
vva
12

12

∆
∆

=
−
−

=          (3-4) 

אאinstantanous accelerationW



א١٠١ אא 

אLLאאאאאאאא 
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dt
dva =

r
          (3-5) 

אא  א (3-3)א(3-5)א א
אא(v)(t)אאאא،(x)(t)،
،אאW

F٣-٣EExample

אאאW
2t10t50x +=  

אא(x)א(t)אא،א(t1 = 0)،W

١-אאאאאאK
٢-אאאt2 = 3 sK
٣-אאאt2 = 3 sK

אSolutionW
١-אאאאאt1 = 0אt2 = 3 sK

)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

==

=−=−=
==

=+==

=−=
=

∆

∆

 

٢-אאW

)s/m(11032050v
t2050v

)t10t50(
dt
dv

3t

3t

2

=×+=
+=

+=

=

=  

٣-אאW



א١٠١ אא 

אLLאאאאאאאא 
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)s/m(20a

)t2050(
dt
da

dt
dva

2
3t =

+=

=

=

 

Wאאאאאאאא
אאאא،K

٣-٦אאConstant Acceleration MotionW
אאאאא،א

،אאאאאא
W

.consta
dt
dva o ===  

،אא)a( oאאt = 0K
א،W

tdavd =  

אאFEW

.constatv

dtadv

+=

=∫ ∫          (3-6) 

אאאconst.אאאW

const)o(av
ot
vv

o

o

+=
=
=

 

א
constvo =  

אאאא(3-5)אאW
ovtav +=  



א١٠١ אא 

אLLאאאאאאאא 
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א)v(אאא(a)א
א)v()v( oאאאא)v( o)aa( o=א

(3-6)אאW

ovtav +=           (3-7) 

אאK

W

ovat
dt
dxv +==

W
dtvdtatdx o+= 

אא--אW

consttv
2
tax

dtvtdtadx

o

2

1

++=

+=∫ ∫ ∫
        (3-8) 

אאאאאאW

oxx
ot

=
=

 

אW
const)o(v)o(ax oo ++=  

אW
constxo =  

אא(3-7)אאW

oo
2 xtvat

2
1x ++=  

א )x( אאא אא)x( 
)x( oאאאאא)x( oאאא،W

tvat
2
1)xx( o

2
o +=−         (3-9) 

א(3-7)(3-9)א،אW
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א(3-7)א(t)W

a
vvt o−

=           (3-10) 

א(3-9)W
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)xx(a2vv o
2
o

2 −=−          (3-11) 

אWאאF١EW

W
⎪
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tvat
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2
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F٣-٤EExample

،א(30 m/s)א،
(50 m/s)(160 m)W
١-אK
٢-אאאא(30 m/s)K
٣-אאאא(30 m/s)K

אSolutionW
١-א(3-11)

                                                 
F١Eאאאא)xx( o−א)d(،W

d)xx( o =−K 
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٢-אאאא(30 m/s)W
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٣-אW
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٣-٧אאNewton’s First LawW
א،אאאאא

א،אאאא
אאאא،אאאא

אאאאW
אאWאאאאאא

K
אאWאאאאאא

،،K
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א
reference system،אא،א

אאאאאאinertia law،
،אאאאא?אK?

אאאאאא،
אאאאא

אאK
אאאאאאאא،א

א،אאא،
אאאא?אאא?אאא

equilibrium conditions،אאאא
،אאW

∑ = 0F
r

 

אW
vmp rr

=  

)p( rאmomemtum،(m)،)v( r
אK

٣-٨אאNewton’s Second LawW
אאא( )∑F

rא(m)،א
א)a( rא،אא

אK

∑ ∝ aF rr           (3-12) 

אW

.const
a
F

a
F

a
F
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3

2
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1 ===  
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אLLאאאאאאאא 
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אאא(m)א،
،אאאאאאאא

אKאאא(3-12)אאW
∑ = amF rr

          (3-13) 
אאאאexternal forces،אא
אאאinternal forcesא،אא

،אאK
א(3-13)אאאK

אאאא(x, y, z)אאאW
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          (3-14) 

אא(3-14)אאא(m)
אא(ax, ay, az)אא،K

א(3-13)אאאא(SI)אא
،אאאW

IN = (1 kg)(1 m/s2) 
F٣-٥EExample

(8 kg)א،
(30 N)אאא،W
١-אאאאא(3 N)K
٢-א؟אאאאK

אSolutionW


אF٣-٢E،F٣-٥E
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١-אאא)F,f( kא
אא(x)W

)s/m(375.3
8

27a

)a(8330
fFF

2
x

x

kx
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=−

−=∑
 

٢-אאאאאאW

)s/m(75.3
8

30a

)a(830
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 F٣-٦E
Example

(20 kg)אאא(15 m/s)א،
אאאאא(45 N)K

١-אאא؟K

٢-אK

٣-אאאאK

אSolutionW


אF٣-٣E،F٣-٦E

١-אאאא)s/m15v( o =،
אא)0F( =K

٢-אאW
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)s/m(25.2
20
45a

)a(20450
mafF
amF

2

x

xk

xx

−=
−

=

=−
=−

=∑ rr

 

٣-א،אאא
،אW

)s(6.6
25.2
150

a
vvt

t
vva

o

o

=
−
−

=
−

=

−
=

 

א(6.6 s)K

 F٣-٧E
Example

(9.1×10-31 kg)אא،א)s/m10v( 6
o =

א،אא(10-17 × 8 N)א
א،א(10-8 s)KאאK

אSolutionW

א،אאא،
אאאאאא،אW

atvv o +=  

אאאאא

0v
0a

oy

x

=
=  

אW
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٣-٩אWeightW
אweightאאאאא

)amF( rr
=،אא،אאא

אא،אא
،אאאgravetational attraction

אאא،אאW
gmW rr

=           (3-15) 

אאאאא
(m)،א)g( rא،אא

،אא)g( r)a( rאאאK

אאא(3-15)אאא(y)
אאאא)ĵ(אאW

ĵgmW rr
−=           (3-16) 

אאאאאאאא
א(y-axis)א،K

אאאאאW

١-אK
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٢-א(g)אא،K

אאW

-אאinertia massWאא
אאא،אא،אW

a
F

minertia
∑=           (3-17) 

-אattraction massWאאא
אאKא،א)W,W( 21

rrא،
א)m,m( g2g1K

אW

2

1

g2

g1

W
W

m
m

r

r

=           (3-18) 

،אאאא
אאgravitational accelerationאאfree 

falling acceleration(g)KאאW

⎪⎭

⎪
⎬
⎫

=

=

)g)(m(W

)g)(m(W
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11
r

r

         (3-19) 

א(3-19)א(3-18)W

.const
m
m

m
m

2

1

g2

g1 ==  

W

m ∝ mg 

אאא
אאאאאW

1
m
m

g

=  , m = mg 



א١٠١ אא 

אLLאאאאאאאא 

 

 - ٧٥ - 

K

٣-١٠אNewton’s Third LawW
אאאא،אאא
אאאאא

א،אWאאאאא
אאא،אKאא

،אאאF٣-٤Eא،א(A))F( AB

rא(B)،
אא(B)FBAF

rEא(A)אאא
אאאא،אW

BAAB FF
rr

−=           (3-20) 


אF٣-٤Eא

אאאW

אאאKאאאא
אאאאאintertial frames

אאאאאKאאא
actionאאא،reactionKאא

אאאאא،א،
،אאאאאF٣-٥KE


אF٣-٥Eאאא)F,F( 11 −)F,F( 22 −



א١٠١ אא 

אLLאאאאאאאא 
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אאW

-אאאאא،
א)W(

rא،א)N(
r

אאK

-אאאאאאא)F(
r

אאא)N(
rK

-אאא)F(
rאאא

)N(
rK

٣-١١אFrictionW
)F(

r،
אאאאאאא

אא،אאא
אאFאEאאFאאEאא

friction force،אאא
אאאK

אאאאא
אאאא،אK

١-אK

٢-אK

٣-١١-١ אW

،אאאאא
אW

-אאstatic frictional forceW



א١٠١ אא 

אLLאאאאאאאא 
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אאאאאאא)F(
r،

אאאא static frictional force
אא)f( sא،א)f( s

אא)N(
rאא،אאאK

-אאkinetic frictional forceW

אאאא)F(
rא،

אאאkinetic frictional forceאא)f( k،
אK

אאאאאW

١-אאאא)F(
rאאאW

sfF
rr

≤            (3-21) 

א)F(
r)f( s

rא،אא)f( s

rא
)F(

rא،F٣-٦EK

٢-אא)f( s

r(fs max)
אאW

Nf smaxs

rr
µ=           (3-22) 

)N(
rא)W(

r،)( sµאא
coefficient of static frictionK



א١٠١ אא 

אLLאאאאאאאא 
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
אF٣-٦Eאא،fsfk

٣-אא،אאא
א)f( s

rאאאW
Nf kk

rr
µ=           (3-23) 

)( kµאאcoefficient of kinetic frictionK

٣-١١-٢אW

א،אאאאא
אא،א؛א

אאאאK

-א  א אFא  ENonfrictional incline surface 
motionW

אF٣-٧KE
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
אF٣-٧E

אאא(m)א(W)،،
אא(θ)אא،(x, y)

א،א،אאאאW

١-אW)mgW( =
r 

(g)،אאאK

٢-אא)N(
rK 

א)W(
r)N(

rאא،אK

אאאאW

אאאWWx=W sin θ

אאאWWy = W cos θ

א(N)(Wy)א،א
אאW

Wy + N = 0 
א(Wx)אאא

،אW

Wx = mg sin (θ) = ma 
a = g sin θ          (3-24) 
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אאא(3-18)אא
אאאאK

 F٣-٨E
Example

אאאאאאF٣-٧E
(20 kg)אא،(45°)K

א،אאאא(g = 9.8 m/s2)

אSolutionW

אאא(3-24)W

θ = 45° 
a = g sin θ 
 = (9.8) sin (45°) = 6.93 (m/s2) 

אאK

אWא؟אאא
א(3-24)K

- א א  אFא  EFrictional incline surface 
motionW

אF٣-٨E


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אF٣-٨E

אאא(m)א)W(
r،

אא(θ)،אאא،
)y,x(א،אאאא

אW

١-אW)mgW( =
rK

(g)،אאא
אK

٢-אא)N(
rK

אאא)W(
r)N(

rאאא
אאא،אאK

Wx = W sin θ 
Wy = W cos θ 

א)N(
r)W( y

rא،אאא
)W( xאא)f( kאאאא

אא،א،W

mafsinmg

mafWF

k

kxx

=−

=−=∑
θ

 

m
fsinmg

a k−
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θ          (3-25) 

 F٣-٩E
Example

אאאאאאאאF٣-٨E
(12 kg)אא،(20 N)אאא،

אא(30°)אא،(9.8 m/s2)K



א١٠١ אא 
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אSolutionW

אאא(3-25)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) 

אW؟אאא
(3-25)K



א١٠١ אא 
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א
Summary 



• א  W     ،א  אא   א א 
אאאאאאאאא

אK،אאאאאאא
אאאאאאW 

0v =∆
r 

אא،K 

• אWא אאאאא
 א (m)א  ،    א   

،אא،אאאW 

m
F

a ∑=
r

r

אאאא،K 

• אWא?Wאא
אK? 

،אאאאאאאאא
א،אאאא

،אאא،K

•  אא Wאא אא א
אאK 

a
Fm =



א١٠١ אא 

אLLאאאאאאאא 
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• אWא،אאאאא
(W1, W2)א)m,m( g2g1W 

2

1

g2

g1

W
W

m
m

=

• א  Wאאא  ، אא א 
אאאאאא ،א  אK

אא א ،א
אW 

Nf,fF smaxss

rr
µ=≤

)( sµ،אא א ،אא
אאאא(fk)،W

Nf kk

rr
µ=

)( kµאאK

• אא)a( rW

⎪
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⎭
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)xx(a2)vv(

tvat
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1)xx(

atvv

o
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o
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o

o



W

voWאאאKvWאאK

xoWאאאאKxWאאאK

tWאKaWאK

אאא
אאאאאאK



א١٠١ אא 
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אאא
Self Test Exams 


אאאאאאאא،

אאא،אאאאK

אאאאW
(97 kg)אא

(470 N)K،אאאאאאא
١٩٤K

אאאאW
אאאאא(15 m)،K

١-אאאאא(6 m/s)،(110 g)،
،אאאאא١٩٤אK

٢-אאאאאK

Wאאאאאא
،אאאאאאאאFKE
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אא
Unit Three Exercises & Problems 



٣-١אאא)s/m30v( o =א،(20 s)
א)s/m40v( =אאאאא

אאK

٣-٢א(40 m/s)א،אאא
אא(-2 m/s2)KW

-אאאאK
-אאאאאאאK

٣-٣(80 kg)אא،(6 km/h)،W

-אאאאK 
-אאא(4 s)K

٣-٤(100 kg)،אאF٣-٩E،،
אא(g = 9.8 m/s2)KאאאאW

-אאאא(3 m/s2)א،F٣-٩KE

-אאא(3 m/s)K

-אאאא(3 m/s2)א،F٣-٩KE


אF٣-٩EאF٣-٩E



א١٠١ אא 

אLLאאאאאאאא 
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٣-٥(16 kg)א،
(40 N)،אא(4 m/s2)K

-אאאאא،א؟K
-אאאאK

٣-٦ (15 kg) אא،(35°)א
אF٣-١٠Eאא،א(50 N)،K

-אאK
-؟אK

אFsfkfKE


אF٣-١٠Eא،F٣-٦E

٣-٧אא)x(אא
)t(W

2tt102x ++=  

)x(،)tx(،אW

١-אאא)t(∆א)s3t( 2 =)s1t( 1 =K
٢-אאאא)s3t( 2 =،)s1t( 1 =K
٣-אאאא)s3t( 2 =،)s1t( 1 =K
٤-אאאא)s2t( =K
٥-אאאא)s2t( =K



 

 

אא 

 

אאאאאא 

אאא
אאאאא

אאאא 
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אLLאאאאאאאא 
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٤-١אIntroductionW
אאאאאאא

،אאאאconservation of energyא
אא،אא،אא

אenergy neither be created nor destroyed،
אאא،K

אאאאאא
אאא،،אאאK

،אאאאאא
אא،אאאאאא

אאאאא،אא
אאK

אאconservation of momentum
אאאאאאאאאK

אאאא،אאא
אאאא،אא،

אאFE،אאW
١-אאK
٢-אא،אאאא،

אK 
٣-אאK 
٤-אאאאK
٥-אאK
٦-אאK

٧-אאא،
אאאאאK

٨-אאאאK
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٤-٢אWorkW
אא)F(

r(m)،אאא)s( r
W،אאא

)F(
r)s( rאאאא،א

א،אאאאא
،אאאאא،אאאאאא

אF٤-١KE


אF٤-١Eאאאא

FsEWאאאאאא

sFW

)cos(sFW

s.FW

=

=

=

r

r

rrr

θ          (4-1) 

،אאאcos (0)אא،אא
א)F(

r)s( rא،F٤-٢E


אF٤-٢Eאאא)F(

r
 )s(

r
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אF cos (θ)אא)F( x

rא
אא،(4-1)אאאW

)cos(sF)cos(FsW θθ ==
r

        (4-2) 

אא)F(
rאא،)s( rK

אאא(SI)אJouleאא،(CGS)
אergeK

אJouleWאאאא(1N)אא،
(1 m)،W

1 J = (1 N)(1 m)
אאאא

א،electron voltאאאא،W
אאאא

אא،W

J106.1
)volt0.1)(C106.1(

)volt0.1)(e(eV1

19

19

−

−

×=

×=

=

 

אאאאאאאאאאW

F٤-١EExample

(15 kg)א(5.7 m)א
אFθE،אאאא(h = 2.5 m)א،

F٤-٣E،W

١-אאאאK

٢-אאאאא)F(
rK

٣-אאאאאא(θ)؟K

אSolutionW
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
אF٤-٣Eא،٤-١

١-אאא)F(
rאאא،א

אא)gm( r)singm( θrK

N65
m7.5
m5.2

s
m8.9)kg15(
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438.0
7.5
5.2

s
hsin

s
hmgsinmgF
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٢-)cos(FsW θ=
אא(θ)אאאא)s( rא)F(

rאK
WF = (65 N)(5.7 m) cos(θ) = 368 J 

٣-אא(θ)אאאאאsin (θ)
،א)F(

rאאsin (θ)א،א
K

٤-٣אאKinetic EnergyW
א،אאאא

אאאאאאא
א،אאWאאאאא



א١٠١ אאא 
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،אאאא
،אא،אא

אF٤-٢KE


אF٤-٤Eאאאא

א)F(
rאא(m)،אאא)s( r

אא)W(
r،אא)v( o

r
אאא)(vrאאאא)s( r،

אאא،אאאאאא
אאאK

אאא)amF( rr
=א،)d.FW(

rrr
=

-א)F(
rאא)s( rאאא-

אאא،אאאאW
s)am(W rrr

=           (4-3) 

FarEאא(m)אאאא،
-אא-אאW

as2vv 2
o

2 +=           (4-4) 

אא(4-4)אא(m)אא،K
mas2)vv(m 2

o
2 =−  

אאF٢EW
mas)vv(m)2/1( 2

o
2 =−  



א١٠١ אאא 

אLLאאאאאאאא 
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אאW
masvm)2/1(vm)2/1( 2

o
2 =−        (4-5) 

אא(4-5)אW
2

f vm)2/1(K =Wאאאfinal kinetic energyK
2
oo vm)2/1(K =Wאאאאinitial kinetic energyK

אאW

(mas)Wא(Fs)אא،אאWא
אאאאאW

2vm)2/1(K =          (4-6) 

א،אא
אאאK

אאאאאאאW
WKK of =−           (4-7) 

אאאא،אאא)s( rא
א)F(

rKאא-אאwork-kinetic energy theorem،
אאאאאאW

of KWK −=           (4-8) 

אאאאאא
אא،אK

אאאאW

F٤-٢EExample

אאאאאא)J107.6( 19−×K

א،א)kg1011.9( 31−×K



א١٠١ אאא 

אLLאאאאאאאא 

 

- ٩٤ - 
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٤-٤אאGravitational Potential EnergyW
אא،אא

א،אאF٤-٣Eא،א
אאא؟אאאF٤-٥KE


אF٤-٥Eאאאאא

))yא٤E-F٥אא(m)אאא o
)y(אאFאאEאאאאא
)y( o)y(אאאא)y(∆،W

ymgUU of ∆=−          (4-9) 

אא(4-9)W



א١٠١ אאא 

אLLאאאאאאאא 

 

- ٩٥ - 

ygmU f =Wאאאfinal potential energyK

oo ygmU =Wאאאאinitial potential energyK

אא(4-9)W

mg ∆yWאאאאא)y(∆K)y(∆،א
אאK

אF٤-٥Eאאאא(y)א
אאאאאאאאאאא

אאgravitational potential energyאK

אWאאאאא)y(∆א
אאא،אאא

Kאאא

٤-٥אPowerW
אאאא،אא

אאאאKאאאא
)W(א،)W(∆א)t(∆

אforce average powerאאW

אW

t
WP
∆
∆

=           (4-10) 

אאinstantaneous powerא،W

t
WlimP 0t ∆

∆
∆ →=  

W

dt
dWP =           (4-11) 
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אאאאאאאW

)cos(Fv
dt
dx)cos(FP

θ

θ

=

=
         (4-12) 

אאא(SI)א(Watt)א
אאK

s
J1W1Watt1 ==  

אאאhorse powerא
אW

1 horse power = 1 hp = 746 W 

א،אאאאאאא
א)F(

rאא)v( rאאא،א
אאK

אאאא،אאאW

F٤-٣EExample

א(102 kg)אאא(53 m/s)،
אא(2 m/s2)KW

١-אאאK

٢-אאאאאאK

٣-אאאאK

٤-אאאאא،אא(t = 120 s)K

٥-אאאא(4 m/s2)K

אSolutionW

١-אא،אאW
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٣-אאW

J1033.14
)m2.702)(N204(FdW

4×=

−==
 

٤-  

W2.1194
)s30(

)J1033.14(
t

Wp
4

=

×
==

 

٥-אאאW

N
)s/m.)(m(maF

816
04204 2

−=
−==

 

،אאאאFאאKE

٤-٦אConservation of EnergyW
א،א،،א

אmechanical energyאאkinetic energyא
אאאgravitational potengal energyאאא،thermal energy،

אאchemical energyאא،optical energyאא،atomic energy
،אאאא،אא

אאKאא
אK

אא،אאF٤-٢E
F٤-٣E،،א،אאא
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א(K)אאאא،א
(m)FvrEאW

2vm)2/1(K =          (4-13) 

אא(U)אאאאא
،אאא(m)(h)א

אW
hgmU =           (4-14) 

)g( rאאgravitational accelerationK

אאspringא،(x)א
equilibrium positionאא،W

2xk)2/1(U =          (4-15) 

(k)،،אאHock’s low
אאW

xkF −=
r

          (4-16) 

אאאאאא(x)Kאא
)x/Fk(

r
−=،אאאאאא

אאW(N.m-1)K

،אאאאא،אא
אאW

hgmvm)2/1(E 2 +=         (4-17) 
22 xk)2/1(vm)2/1(E +=         (4-18) 

،אאאאאא
W

UKE +=       FאאE  (4-19) 



א١٠١ אאא 

אLLאאאאאאאא 
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אא(4-19)אאאא
،،

،אאאאW

+=+= therEUK0 ∆∆∆  FאאE     (4-20) 

W

of

of

UUU

KKK

−=

−=

∆

∆
 

אאאאאאאאא
אא،אK

אאאאאא
(4-20)אW

W...EUK ther =+++ ∆∆         (4-21) 

אא،אא
אאאW

١-אאאאK

٢-אאאאאאאא
אאאא،אא

אmass-energyאא،W
2mcE =           (4-22) 

(E)،א(m)،א(c)אspeed of lightK

٣-אאquantized،א،
אא)E( xא)E( yאא

אW
hfEE yx =−           (4-23) 



א١٠١ אאא 

אLLאאאאאאאא 

 

- ١٠٠ - 

(h)Planck’s constantW

s.eV1014.4
s.J1063.6h

15

34

−

−

×=

×=
 

(f)אאאאא،K

،אאאאאא
אאW

F٤-٤EExample

(m)א(h)،אא
(v)،אאF٤-٦KE

١-אאאאאK

٢-אאאאK


אF٤-٦Eא،F٤-٤E

אSolutionW
،אאאאאא

W
١-אאWאא،אאא

،אאאאאאW
0hgmKU +=+

r  



א١٠١ אאא 

אLLאאאאאאאא 
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٢-אאWא،אאאא
א،אאW

2
omv)2/1(0KU +=+  

אFאאEא،
אK

0mghmv)2/1(0 2
o +=+  

א(v1)אאאW
hg2vo
r

=  

אא،אאאאאא
אא،אW

ax2vv 2
o

2 +=  

W

vWאאאאK

ovW،אאא(x = h)Fga rr
=EW

hg2v

hg2v0

o

2
o
r

r

=

−=
 

אאא،אאאאא
אא،אאאא،א

אK

F٤-٥EExample

(4 kg)א
א(300 m/s)K

١-אאK

٢-אאאאK
٣-א،אאא(25 s)،

אאאאK



א١٠١ אאא 

אLLאאאאאאאא 
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אSolutionW
١-،אאאאא

אא،אאW

)s/m(8.9ga
gmamF

2−=−=

−==
rr

rrr

 

אאאאאאK
٢-אאW
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אאא،،אאW

ghvaxvv
mghU

J
smkg

mvK

smv
ssmsm

gtvv

s
sm
sm

t

tsmsm

tgv

oo

o

22

6050
)/55)(4)(2/1(

2
1

)/(55
)(25)/(8.9)/(300

)(6.30
)/(8.9
)/(300

)/(8.9)/(300

222

2

2
2

2
0

2

2

−=+=

=
=
=

=

=
−=

−=

==

=

=
rr

 

אאאא(25 s)K
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אא(h)אאW



א١٠١ אאא 

אLLאאאאאאאא 
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)m(5.4437h
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אאאאאK
٤-٧אMomentumW

אאאא)v( r
(m)אאא،،

אאW
vmP rr

=           (4-24) 
)P(

rאmomentumא،،אאאא
אאאאאאW

am
dt
vdm

vm
dt
d

dt
PdF

r
r

r
r

r

==

==∑ )(
         (4-25) 

W)adt/vd( rr
=K

אאאא)F(
r

(t)אאאW
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אW
Ftmvvm o =−          (4-26) 

אאאא)mvvm( o−א،אא،W
tFP =∆

r
          (4-27) 

אא،אא
)tF(

r
א

،אאאא)(Fא
אא(t)K



א١٠١ אאא 

אLLאאאאאאאא 
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F٤-٦EExample
א)(Fא(2000 kg)،(40 m/s)

(30 m/s)א(4 s)K
אSolutionW

N
s

smkg
F

smkg
smsmkg

vvmvmvmPtF oo

5000
4

)/(102
)/(102

)/40/30)(2000(
)(

4

2

−=

×−
=

×=

−=
−=−=∆=

 

אאאK
א(4-27)אאא،אK

cmvmP rr
=           (4-28) 

(m)،א)v( cm
rאcenter of mass velocity

אאאאK
٤-٨אConservation of MomentumW

א،אאאאא
אconservative،

،،FEא،א
אאW

∑ = 0Fext

r
          (4-29) 



0
td
vdm

td
)vm(d

td
Pd

==

=

r

rr

 

א،אאאW
ttanconsP =

r
          (4-30) 

אאאאW
of PP0P −==∆  



א١٠١ אאא 

אLLאאאאאאאא 
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W
of PP =           (4-31) 

)P( o،אאא)P( fאאK
F7-٤EExample

(75 kg)،(39 kg)(2.3 m/s)אא،
אאא،K

אSolutionW
אאW

אFאWE
cm

אWmm 
אאאאWov 

אאWcv 
אW

[ ]

s/m7.6
)kg39(

)s/m3.2()kg39()kg75(
m

v)mm(vv

vmv)mm(
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ocm
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ccocm

=
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=

+
==
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r

 

אאאW

)s/m4.4(
)s/m3.2()s/m7.6(vvv o
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א
Summary                                                                      

• אWאא)F(
rאא)s( rא

אאאW 
S.FW
rr

=  

א،אאאא
אאאא،(1 N)א(1 m)

אK
• אאאWאאאאW 

WKK of =−  

אאאאאאא
،אW

אאאW2
f vm

2
1K =

אאאאW2
oo mv

2
1K =

• אאאWאאאאW 
WUU of =−  

W
אאאWhgmU f = 

אאאאWoo hgmU =
א)h( o)h(אא

אK
• אWאאאאאא

א،W 
E = K + U 

  W  א    א  א  א
،אW

∆K + ∆U FאאE  =0 



א١٠١ אאא 

אLLאאאאאאאא 

 

- ١٠٧ - 

אאאאאK 
• אWאאאא

W 
vmP rr

=  
• א   Wא א   א א    

אא،א
W 

∑ = 0Fext  

،אאW

ofof PP0PP
0P

.constP

=⇒=−
=
=

∆

r
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אאאאאאאF١E

אא 
א

א 
אSI 

אforce F NewtonN 

אאdisplacoments F٢E  meter m 

אwork W Joule J 

אweight W Joule J 

א
א

kinetic 
energy 

K Joule J 

אאpotential 
energy U Joule J 

א
אא

initial 
velocity ov  m/sec m/s 

אאfinal velocity v m/sec m/s 

אacceleration a m/sec2 m/s2 

אpower P Watt W 

אאtotal energy E Joule J 

Planek’s 
const h Joule.sec J.s 

אmomentum P kg m/sec kg 
m/s 

א mass m kilogram kg 

                                                 
F١EאאאאאאK 

F٢E(x)אאאאא(d)א،(s)אאK
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אאא
Self Test Exams  


אאאאאאאא،

אאאאא،K

אאאאW
(m))m2l( =אא

(A)،א١٩٦אאאא،(30°)،אא
א(A)K

١-אא(B)K

٢-אא(C)K

אאאאW
١-אאאא(102 g)א

،אK

٢-אאאאאאאאא
(1 kW)K

אאאאW
אא،אאאא(4.3×1014 Hz)K

אאאאאW
אא)m(אא،א

)m90(K

١-אאאK
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٢-אאאאFאאא
א،)s/m8.9g( 2=KE

W،אאאאאא
אאאאאאאאFEK
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אאא
Unit Four Exercises & Problems  



٤-١אאא(50 kg)(10 m)،
אאאא(0.5)K

٤-٢(10 m)א(15°)אאK
אאאאאאאא(20 kg)K

٤-٣)kg103( 4×(30 min)א(200 m)(3000 

m)K
١-אאאאאאK
٢-אאאאאאאK

٤-٤ א   ، א     (2.9×105 kg)  ،
(11.2 km/s)K؟אא

٤-٥(200 g) א (20 m/s)א א
א(0.3 cm)א،אאאאא

K
١-אאאאK
٢-אאאאאK

٤-٦אאאאאW

m
PK
2

2

=  

٤-٧(20 g)(50 m/s)א،(7 kg)
אK

١-אאאK
٢-אאאאאא

(1.5 cm)אK
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٤-٨אF٤-٧E،אא،א
אאאK


אF٤-٧Eא،F٤-٨E

١-א؟אאאK
٢-אא)m( 1)m( 2אאאא،

א(h)K
٤-٩אא(20 m)،אאF٤-٨KE

١-אאאאאK
٢-אאאאאאK


אF٤-٨EאF٤-٩E



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א
Optional Problems 

 

٤-١ )kg103( 4−×،אא، 
אאאאא(37°)אK

١-אאאK
٢-אאאK

٤-٢א)s/m102.1( 7×
אא)N105.4( 16−×אא(30 mm)א،

אאאא،א)mg101.9m( 31
e

−×=K
٤-٣   (2 kg) א (20 m) א   א ،א

א،אאא(8 m/s)K
٤-٤(25 kg)א(25°)א،א

אאא(209 N)Kאאא(1.5 m)K
١-אאאאFאE؟K
אאאא؟-٢
אאאאאאאאא؟-٣
אאאאא؟-٤
٤-٥א(27 kg)א(9.2 m)

 א  (32°)אא Kא אא א א אא
א(0.20)،אאF٤-٩KE
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
אF٤-٩EאאF٤-٥E

٤-٦(50 kg)(6.0 m)א(30°)א
אאאא،(0.20)א،W

١-אאאאאK

٢-אא،אאאאא
٤KE-F١٠אאא؟


אF٤-١٠Eאא،F٤-٦E

٤-٧  )kg7.3m( 1 = א א   א    (30°)
kg) 2.3  (m2 =،אאF٤-١١KE



א١٠١ אאא 

אLLאאאאאאאא 
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
אF٤-١١Eאא،F٤-٧E

١-אא)m( 1)m( 2K

٢-אא)m( 2K

٣-אאאK
٤-٨(8 kg)(2 m/s)K

אאאא ،א
 א    א(16 J)א א      

אאאK
١-אאאK
٢-אאאK





 

 





אא 

 

אאאאאא 

אאא
אאאאא 

אאאא 




א



א



٥



 

 









א١٠١ אא 

אLLאאאאאאאא 
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٥-١אIntroductionW
אאאelectrostaticsאאfundamentals 

conceptsאא،אאelectric chargeא،
אconservation of electric chargeאא،אא،permitivivty

אא،אאאCoulomb’s lawא
אelectrostatic forceאא،conductorsאא،insulators

אא،אelectrostatic fieldאא،electrostatic potentialK
אאא

אאא،אא
אאKאattractionאrepulsion

אאא،אאnegative charges
positive charges،،אא

אK
אאאא،אאא

אאאא،אא،
אאFE،אאW

١-אא،א
Wא،אאאא،אK

٢-א،אאאאא
אאK 

٣-אאאWאא،א،אK 
٤-،אאא

אK
٥-،אאאא
אאאK


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אLLאאאאאאאא 
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٥-٢אאThe Electric ChargeW
אאelectric neutral،א

،אאאא،
אאאאאא

אא،א
imbalance،K

אאKאאא
אאאאאאW

١-אאWאאLike charges repel each otherK
٢-אאWאאUnlike charges attract each otherK

אאאאatomic structure of matterאאא
nucleusאאאאאelectronאאא

אאאאאא،
elementary charge،א،אא

אאאא،א(e)،א
W

C1060.1e 19−×=  

(C)אאא،אאא
،אאאא1025.6(א( 18×،

אW
kg101.9m 31

e
−×=  

אאאאא
continuous fluid،אא،אא

،אאאאאאאאא
Wא،אאא

q = n e, (n = ± 1, ± 2, …)        (5-1) 



א١٠١ אא 

אLLאאאאאאאא 
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אאא(e)،אאאא
charge is quantizedK

אאאאאאאא،
אprotonא،אא

א،אאneutronאא
،،אא

אF٥-١KE



אMass (m) אCharge (e)אSymbol אParticle 
1 -1 e electron

1836.15 +1 p proton 
1838.68 0 n neutron 

אF٥-١Eאא
אא

אאאאאאא،אאא
אW

١-אאאFאEconductorsWאאאאאאא
free electronsאאroom temperature،אא،

אironא،cooperא،aluminumK
٢-אאאnon conductors or insulatorsWאאא

،אאאFאEאא
،אאwoodא،rubberא،plasticא،glassK

٣-אאאFאEsemi conductorsWאאאא
،אא،אאאאאא

،אאאא
אא،אאאאאgermanium



א١٠١ אא 

אLLאאאאאאאא 

 

 - ١١٩ - 

אsiliconא،אאאא
אאאאאאאאK

٥-٣Coulomb's LawW
אאCoulomb Charles Augustusא١٧٩٥אא

אאאא،אאאאא
אאCoulomb’s torsion balanceא،אאא

אאא-אאאא
-،אאאאאאF٥-١KE

אאאא)q( 1
אאאאאא

،אאאאאאאאא
אKאאאאאvacuumW

١-אא(F)אא)q,q( 12
point chargesאאK

F∝ q
1
 q

2
          (5-2) 

٢-א א(F) אא )r( 2،
W

F∝ 2r
1            (5-3) 
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
אF٥-١Eאאאא،

א(5-2)(5-3)،W

2
21

r
qqF ∝           (5-4) 

א،אW

2
21

r
qqkF =  

(k)אא،אאאא،
א،אאאא،אאא

אאאא(SI)אאא،W

q
1
 = q

2
 = 1C 

  r = 1 m 

אאrepulsion forceW

F = 9 × 109 N 

א(5-5)אאW
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229
2

29
21

2

109
1

1109 −×=
×

=

=

C.m.N
C

)m)(N(
qq

Frk
 

אא،(5-5)אאW

r̂
r
qq

109F 2
219×=  

א)r̂(אא(F)،א
א(k)אאW

o4
1k
πε

=  

(εo)אאאאpermittivity of vacuumאא،
אאW

22112
9o C.m.N1085.8

)109(4
1

k4
1 −−−×=

×
==

ππ
ε  

אאא(5-5)אאW

2
21

o r
qq

4
1F
επ

=  

אאאאאאW

2
21

r
qqkF =       FE  (5-5) 

אאאאאא
אא،אאאאrelative permittivityא

אW

==
o

r ε
εε         (5-6) 

א(5-6)(εr)K
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אא،אאא
אKאאא،F٥-٢KE


אF٥-٢Eאאאא

אאאאאאא
אאאאאא،אKא

אא،אאא
אא،K

אאאW
١-אאK
٢-אאK

א،אF٥-١KE

F٥-١EExample
א(ABC)א،F٥-٣E،

(-10 × 10-6 C)،(+4 × 10-6 C)،(+2 × 10-6 C)אאא،אא
אאא(B)K
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
אF٥-٣E،F٥-١E

אSolutionW

N8.1
)1020(

)104)(102(109F

N9
)1020(

)104)(1010(109F

22

66
9

BC

22

66
9

BA

=
×

×+×+
×=

−=
×

×+×−
×=

−

−−

−

−−

 

אא)F( BAא،אאF٥-٣E،
א)F( BCאאאK

2.74
)54.3(tan

54.3
2.2

79.7
F
F

)tan(

N09.8)F()F(F

N79.7F
N2.28.14FFF

N79.760sinFF
N5.460cosFF

1
o

x

y

2
y

2
x

y

BCx,BAx

BAy,BA

BAx,BA

=
=

=

=

∑

∑
=

=∑+∑=

=∑

=−=−=∑
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−θ
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אF٥-١Eאאא(x, y)אאאא
אא،אאא،א
אאאאאאאא،א

אאא،אK

F٥-٢EExample
אאא(2 e)אא،(10 e)אא،

אא(3 nm)KאאאK

אSolutionW

א،אאאאW
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−
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=
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א،אK

Wאאאא)CmN109k( 229 −×=،
אK

٥-٤אאThe Electric FieldW
אאאאvectors field

אאא،אאא
א)q( otest chargeא(q)،

אא)F(
rאאא)q( oא،אא

אאא(q)א)q( oאא،א
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אאאא)q( oאאא،
אאאאאאא

אאא،אאW

oq
FE
r

r
=       FאאE  (5-7) 

)E(
rאא،אא)q/F( o

rא
אא)F(

rאא،(SI)(N/C)K

אאאאא
،אאאא،א

א(q)א،F٥-٤E،אאא)q( oW
r̂

r
qq

4
1F 2

0

0πε
=  


אF٥-٤E

אא(q
o
)אאא(q)

(r)אאאא،אW
r̂

r
q

4
1

q
FE 2

0o πε
==

r
r

         (5-8) 

אאאאKא)r̂(
אא)E(

rא)F(
rK

אא)E(
rאאאאF١E،

אF٥-٢Eא)E(
rאKא

،אאאאאF٥-٥EF٥-٦KE

                                                 
F١EאF٦-٢EאאאK 
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אF٥-٢EאאFE
rEאא

٥-٥אאאThe Electric Field Due To A Point ChargeW
אא)E(

rאא(q)،
א(r)W

r̂
r
q

4
1E 2

0πε
=

r
 

אא (N/C)אאElectric Field 

3 × 1021 אאא at the surface of uranium nuclus 

5 × 1011 אאא within a hydrogen atom, at the electron orbit 

3 × 106 אאאא electric breakdown occurs in air 

103 אא at the charged drum of a photocopier 

103 אא the electron beam accelerator in a TV set 

103  near a charged plastic comb 

102 אאא in the lower atmosphere 

102 אאאא inside the copper wire of household circuits 


אF٥-٥Eאאא

،א
אא


אF٥-٦Eאאא

،א
אאא
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אאאאאאW

2r
qkE =     FאאE   (5-9) 

)r̂(אunit vectorאאאאאא
אאאא،)E(

rאאאא
،אאF٥-٥E،אאאאF٥-٦KE

F٥-٣EExample

אradiusאאא)r()fm8.6(אא
אאאKאאאאK

אSolutionW

אאא(5-10)W

C/N109.2E
)m108.6(

)C106.1)(92()C.m.N109(
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)Z(אאאאאK

٥-٦אאThe Electric PotentialW
אא،א،א

אאאא،אW
אאא؟-١
٢-אאא؟אא
٣-א؟אאאא

אאF٥-٧KE
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
אF٥-٧Eאא(q

o
)

אאאאtest charge)q( oא(A)א(B)
אאא(+q)אאא،

אאאelectric potential energyאאאאא،
אאאא(A)א(B)אאא

אאpotential differenceKאאא
אW

Uq)VV(W
q

W
VVV

oABBA

o

BA
ABBA

∆=−=

=−=

→

→

        (5-10) 

W

BAW →Wאאאאא(F)א(qo)(A)(B)K

VBWאאאBK

VAWאאאAK

∆UWאאא)q( oK

אאאא)q( o ،אא
אF٥-٨Eא(F)אא)qE(אא

،אאW
UW BA ∆−=− → 

אאא،אא
אא،א)q( o אB)qV( oBK

א)VV( AB −אאאאא
אאאW
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o

AB

o
AB q

UU
q
UVV −

==−
∆  

אאאאאאא
א(q)אא)q( oאאW

r
qq

4
1r

r
qq

4
1
r.FW

o

o
2
o

o πεπε
==

=
 

(r)אאא(A)(B)،(F)אא
אאאK

אאWאאאאא?
?אאאאKא(J/C)

א(V)K

F٥-٤EExample

א(4 × 10-6 C)א(3V)א
F٥-٨E،W

١-אאאK

٢-אאאא(8V)K

٣-אאאאא(A)א(B)K


אF٥-٨Eא،F٥-٤E

אSolutionW
١-אאW

U = q V 
 = (4 × 10-6 C)(3V) = 12 × 10-6 J 

٢-אאא(A)(B)K
W = q(VB - VA) 
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 = (4 × 10-6 C)(8V - 3V) = 20 × 10-6 J 
٣-אאאW

∆U = UB - UA = 20 × 10-6 J 
WאאF٢٣E؟

אאאאאאא(q)
א)q( oאא(r)אא(q)אאא،

،W
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אאאאאאW

r
qkV =      FאאE  (5-11) 

אאאאא(r)א(q)،
אK

F٥-٥EExample

אאאאpoint chargeאא،F٥-١٠E(1 µC)،
א(A)(2 m)א،(B)(1 m)K

١-א)VV( BA −אF٥-١٠KE

٢-א)VV( BA −אF٥-٩KE
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אLLאאאאאאאא 
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
אF٥-٩Eא،F٥-٥E

אSolutionW
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٢-אאאא)r(אאW
V4500VV BA −=−  

٥-٧אאCapacitanceW
אאאאא،

،אאאcapacitorKא
capacitanceאאאא
،אאא،אאא

אאאאK،
אא،
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אLLאאאאאאאא 
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אאאאאאא
(V)Kאא(q) storage chargeאא

،W
q ∝ V 

א?אא?(C)،אא
אאF١E،אאאW

q = CV           (5-12) 
،אאאאאאF٥-١٠،KE

אאאא(SI)،אאFaradW
1 Farad = 1 Coulomb/1 Volt 
 1 F = 1 C/1 V 

אאאאאאאא
א،אאאא،א،K

א،אאאאאא
א)E(

rאאGaus's lowא
אאאאאW

∫ = qAd.E0

rr
ε           (5-13) 

(q)אאא،אאאא
،א(dA)אאאאא(A)א،)Ad(

r
،א،אאאאא

א)E(
rא)Ad(

r،אאK
)F(

r(εo))E(
r(dA)،אאא)E(

r)Ad(
r

אא،(5-14)אאאW
qAE =

r
0ε           (5-14) 

אאא(dA)אא(A)،
א(V)אאאאאאW

                                                 
F١Eאא،אא،אאK 
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EdV =           (5-15) 


אF٥-١٠E

-אאאא،אא(A)
(d)א،(V)،

אאאא(+q)(-q)K
-אאFE

rE
א(fringes)א،

אא(d)(A) 

א،א(5-12)،(5-14)،(5-15)W
EdCAEo =ε  

d
AC oε=           (5-16) 

אאאאאאא
א(5-16)אאW

d
AC roεε=        FאE  (5-17) 

(εr)אאאאאא
،א،אK






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٥-٨אאאCapacitors in ParallelW
אא،אאאאא

אאin parallelאאin series،
אאאאאא،אא

אאאאאא،אאא
،אאאF٥-٥،E،א)C,C,C( 321

א(V)،W
VVVV 321 ===  

אא(q)W
321 qqqq ++=  


אF٥-١١،E

-)C,C,C( 321אאconnected in parallel،
אא(B)א(V)K

-א)C( eqאאאא
אאא)qqq( 321 ++K

F٥-١٠E،אאאא،
W
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)CCC(VVCVCVCqqqq
VCq,VCq,VCq

321321321

332211

++=++=++=
===

 

אW

∑
=

=+++===
n

1i
i321eq ...C...CCC

V
qCC       (5-19) 

(n)אאאאK

אאאאF٥-١١E(C)W
321 CCCC ++=  

٥-٩אאאCapacitors in seriesW
אאאin seriesאא،

אאא،אאאאאאא
٥،KE-F١٢אאא،אאא،א


אF٥-١٢،E

-)C,C,C( 321אאconnected in series،
אא(B)א(V)K

-אא)C( eqא(V)אא
אא)VVV( 321 ++אא

אFEאאK



א١٠١ אא 

אLLאאאאאאאא 
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אF٥-١٢E،א
א،אאאאא

،אא،אא)V,V,V( 321،א
،אאW

3
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2
2

1
1

321

C
qV,

C
qV,

C
qV

qqqq

===

===
 

אאW
V = V1 + V2 + V3 

אאאW
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321eq C
1

C
1

C
1

C
1

++=          (5-20) 

אW

∑
−

=
n

1i ieq C
1

C
1           (5-21) 

(n)אאאאאאK

٥-١٠אאאStorage Energy In A Charged CapacitorW
אאא(q)אא(V)א

א،אאאאא)0V( =
א0(אq( =אא)VV( =א
אאאא(q)،אאאW

V
2
1

2
0VV =

+
=          (5-22) 



א١٠١ אא 

אLLאאאאאאאא 
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(V)אאK

אאאא(q)א)V(W

qV
2
1V

2
1qW =⎟

⎠
⎞

⎜
⎝
⎛=          (5-23) 

אאאא
אא،אW

2
2

CV
2
1

C2
qqV

2
1WU ====        (5-24) 

(5-24)אאאאא
אאאK

F٥-٦EExample

)PF200C( 1 =،)PF600C( 2 = ،אא
א(120 volt)K

١-אאK

٢-אאK

אSolutionW
١- 

C106.910)2.74.2(

qqq
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)V120)(10600(

VCq
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)V120)(F10200(

VCq
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×=
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א١٠١ אא 

אLLאאאאאאאא 
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٢- 
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F10800

)10600()10200(
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F٥-٧EExample

)PF3C( 1 =،)PF6C( 2 =،אא
אא(V = 10 volt)K

١-אאK
٢-אאאאK
٣-אK

אSolutionW
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אאאW
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،אאאאאW

volt1033.367.610
VVV 21t
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א
Summary 

 
• Wאאאאאאאא

א،،W 
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• אWאאאאאאאא
אאא،(9 × 109 N)Kא

אאאאK 

• אאאW،אא
אא،אאא

א،W 
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• אאWאאאאאא??
KW 
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• אאWאאאא
FE،אאW 

V
q)farad(C = 

אא،אאאא
אאW

d
AC roεε=
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Wאאאאאא

...
C
1

C
1

C
1

21eq

++=

אאאאאאW
Ceq = C1 + C2 + ... 

אאאאאאאW

qV
2
1U = 
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אאא
Self Test Exam 


אאאאאאאא،

אא،אאאK

אאאאW
אF٥-١٣،،Eא،(a)(2 cm)

אא(30°) (θ)،אאא(3.0 × 10-6 C)א
אKאא)F( 1אא)q( 1אאK


אF٥-١٣،،E


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אאאאW
אF٥-١٤Eאאא،א)p(K


אF٥-١٤Eאאאא

אאאאW
אF٥-١٥Eאאאא،)p(،

אK


אF٥-١٥Eאאאא

אאאאאW
capacitorאא،אא)m101d( 3−×=א،

)F106C( 6−×=K

)V(אא،
)C106q( 6−×=،W

١-אאאא)V(K

٢-אאאאא)E(K

٣-אאאא)C105.0( 6−×אא
אאK

אאאאW
אF٥-١٦E)Cn10q( 1 =)Cn20q( 2 −=

)Cn20q( 3 −=אא،)cm30a( =K
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אאאאא)q( 1K


אF٥-١٦Eאאאא

Wאאאאאא
،אאאאאאאאFEK




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אא
Unit Five Exercises & Problems 

 
٥-١אא(2 µ C)אא(-3 µ C) אא،(30 

cm) Kא אאאאא K
؟א؟

٥-٢אאא(18 e) Kאאא
אא(1 nm)Kא؟؟

٥-٣ א  א  א   )C103( 9−×א  א
)C10120( 9−×      ،(3 nm)א א  ،אא 

אK؟

٥-٤אאאאאא(1 N/C)
א(1 m)؟

٥-٥א)kg105.0( 3−×א)C105( 6−×א،
אאאא)C/N105.0( 5×

)m1010( 2−×W

١-אאאאאאאK

٢-אאאK

٣-אאאאאאK

W؟אא

Wאאאאא
אאאK
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٥-٦אא)C105q( 9
1

−×−=،)C106q( 6
2

−×=،
)C103q( 6

3
−×=א(A)אא)m1010r( 2

1
−×=،)m105r( 2

2
−×=،

)m103r( 2
3

−×=،אאF٥-١٧Eאא،אא(A)K


אF٥-١٧Eא،F٥-٦E

٥-٧אא)C103q( 9
1

−×−=،)C103qqq( 9
432

−×===،
א(A)א)m103r( 2−×=،אאF٥-١٨E،

W

١-אאאא(A)K

٢-אFEאאא(A)א،K

٣-)C109q( 6
5

−×=א(A)אאא،
א)F( 15א)q( 1א،K


אF٥-١٨E



א١٠١ אא 

אLLאאאאאאאא 
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٥-٨א(202 cm2)אא،
(0.4 cm)K

١-אאאK
٢- א אא   א א  (500 V) Kא א 

אK
٣-אא،אאאאאK
אא(8)Kא(0.4 cm)א-٤

אאאKאאאאאK

٥-٩א(3 µ F)א،אאאא
 א א א א א ،א  א א  א  

(2.8)K

٥-١٠א(60 P F)אאאW
١-א(2 kV)K
٢-אא(3 × 10-8 C)K
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א
Optional Problems 



٥-١אF٥-١٩Eאאא(a)،
אא(Q)אאאא

א(C)אK


אF٥-١٩E

٥-٢אF٥-٢٠E
(5 cm)אא،)C101q( 8−×=אאאא

אאK


אF٥-٢٠E



 

 



 

 

אא 

 

אאאאאא 

אאא
אאאאא 

אאאא 





א


א



٦
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٦-١אIntroductionW
אאאא)B(

r،אא
א،אאא

א،אאאא
permanent magnet؟

אאאאאאאאאא
אא،אאאאאא

electromagnetאאאאאאאאא
אאאאKאאאאא

אאW
FE  moving charge  ↔↔ B

r FE  moving charge 

אאא،אW
FE  moving charge  ↔↔ B

r FE  moving charge 

אאHans Chrictian Orested،א١٨٢٠
א،

אאאאאK
א،אאאא

אK
אאאא،אאא،

אאא،אאאא
אFE،אאW

١- א   ،א א  א א  
אאאאK

٢-       א א א 
K



א١٠١ אא 

אLLאאאאאאאא 

 

- ١٤٩ - 

٣-אאא
K 

٤-Jאאא
K

٥-אאאא
אא،K

٦-אא،אאK

٦-٢אאThe Magnetic Field (B)W
אאאאאא)E(

r(q)
אאאא)q( oאא،

)F(
rא)F(

rאאW
EqF
rr

=           (6-1) 

אא)B(
rא،אאא

K

،אאאאא
אא،אאאאKא

אאאאאKאא
אא)B(

rא،אא
אאא)B(

r(q)،)v( r،א)F( B

rא
אאאאאא(q)،W

BvqFB

rrr
×=           (6-2) 

אא)F( B

rאאcross product،)B(
r)v( r،

FqE،אאא،אא
؟(6-2)
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١-אא)F( B

rאאאא)v( r
אא)B(

rא،אאאא
אאא)B(

rא،F٦-١،،E،א
אאא)F( B

rאא،W

אאF١EאאאF٦-١،،Eאא،א
 א א א  )v( rא  א א     ،

 א)B(
r א א  ،)F( B

rא ،א א   א  
א،אF٦-١Eאאא،א،

 F٦-١E،،אאאא א
אK

٢-،אאאאאא
parallel or antiparallelא،F٦-١EW

θsinBqvFB =
r

         (6-3) 

(θ)אאאאאK
٣-אdeflecting forceW

qvBF maxB =
r

          (6-4) 

אא(θ = 90°)K
٤-אא)F( B

rא(q)FvEK

٥-א)F( B

r،אאאאF٦-١،KE

                                                 
F1Eאאא،אאאאאאאאאאK 
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
אF٦-١،،E

-(q)(v)
FB

rE،FBF
rEK

-אא(v)(B)K
-א(-q)אFBF

rEא
FKE

אא  )B(
rא א(SI)אtesla،א

(6-6)אאאW

FאאE
qv
FB B=

m.A
N1T1

)meter)(ondsec/Coulomb(
Newton1

)ondsec/meter)(Coulomb(
NewtonT1tesla1

=

=

==

 

W

ondsec
CoulombAmpere = 



א١٠١ אא 

אLLאאאאאאאא 

 

- ١٥٢ - 

אאאאאאא
אאאא،אאא

אK
אאאGaussאא،

אאGauss meterK
1 T = 104 gauss 

אאא(SI)Kאא
א،אאF٦-١KE

אאאאאא
،אאאאאא

אאK
108 T אאat the surface of a neutron star (calculated) 

1.5 T אan electromagnet 

10-2 T אnear a small bar magnet 

10-4 T אאat the surface of the earth 

10-10 T אאאin intersteller space 

10-14 T אsmallest value in amagnetically shielded room 

אF٦-١Eאאאא

F٦-١EExample
אאא)mT2.1B( =אא،،

אאF٦-٢E،)MeV3.5(א
אאא،אאא،א

)kg1067.1m( 27
p

−×=K

אSolutionW

אא)F( BאW
FB = qv B sin θ 



א١٠١ אא 

אLLאאאאאאאא 
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
אF٦-٢E،

،אאאא

אא،אאW

2
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٦-٢-١אאMagnetic Field LinesW
،א א    ،   א א   

אאF٦-٣E،אאאא
א(N) north ploeאא(S) south poleK

אאאאאאW
١-אאאאאא)B(

rK
٢-אאאאא،א

אאאאא،אאא



א١٠١ אא 

אLLאאאאאאאא 
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א،א،אאא
א(θ)،אא)B(

rK
٣-אאאאאK
٤-  ،אא א א  א  א   א א

אאאאא،אאאאא،א
אאK


אF٦-٣Eאא،

אאא(N)
אא(S) 

٦-٣אאא
The Magnetic Force On A Current-carrying WireW

א،אאאאF٦-٤KE
אF٦-٤ E،אא א אא(I) ،(L)،

(A)א،(B)אאא،
אאאאאK
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
אF٦-٤Eאאא

 א F٦-٢Eא א)F( B

rא(q)
)v( r،א(6-6)א،אW

BvqFB ×=
r  

אאאאאW
)LA(enq =  

אא(A)(L)،(LA)،
אא(n)،(e)אא،א،אא

אאW
θν sinB)LA(enFB =         (6-5) 

אא( v = L / t ))t/ALneI( =אא،(6-5)W
θsinILBFB =  

אאW

BLIFB

rrr
×=      FאאאE  (6-6) 

אאא،אאאא،אא
א)L(

rאאאK
אאא،א

(6-6)א،אאאאאא
אאא،אאא)F( B

אאW
BLIddFB

rr
×=  
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)Fd( B

r)Ld(
rאאא)F( B

rאא)L(
rK

F٦-٢EExample
(0.5 m)א(12 A)אא(30°)،

א)T102( 2−×אאאא،
אK
אSolutionW

אאא(6-5)W
θsinILBFB =  

W

N06.0
30sin)T102)(m5.0)(A12(F

30
T102B

m5.0L
A12I

2
B

2

=
°×=

°=
×=

=
=

−

−

θ
 

F٦-٣EExample
)B(

rא،(28.0 A)K
אאאא)B(

rאא،א)F( Bא
(mg)،אF٦-٥Eא،אאF١Eא(46.6 g/m)K

אSolutionW
אF٦-٥E،א(mg)   )F( B 

(6-6)א،W

T106.1
)A28)(m1(

)s/m8.9)(kg106.46(
LI
mgB

LIBmgF

2

23
B

−

−

×=

×
==

==

 

                                                 
F١Eאא،אאאא(SI)( kg / m )K
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 א א     )kg106.46( א×−3   ،א א
א،אאאאאא

אK


אF٦-٥Eא،F٦-٣E

٦-٤אאאFJE
Biot-Sarart law, Magnetic Field Du To ACurrnetW

א א א   אF - EBiot-Savartא  א
א،א،אאאF٦-٦KE


אF٦-٦E

אF٦-٦Eאאא(dL)א
(I)א،(dB)א(p)א(r)אאK

אאאאאא(dB)א
אאFdLEאאאא(p)،א

אW
dB ∝ 2r

1  

dB ∝ I 
dB ∝ sin θ 



א١٠١ אא 

אLLאאאאאאאא 

 

- ١٥٨ - 

dB ∝ dL 

(θ)אא(dL)אאאאFdLEא(p)W

dB ∝ 2r
sinIdL θ  

א،אאW

2
0

r
sinIdL

4
dB θ

π
µ

=       FJE  (6-7) 

)( oµאאpermeabiliy constantאא،
W

A/m.T1026.1

A/m.T104
6

7
o

−

−

×≈

×= πµ
 

אF٦-٦Eאאא(dB)،אאא
אא)rdL( ×(r)אאאאא(p)،

אא(6-7)אאאW

3
0

r
rLd

4
I

dB
rr

×
=

π
µ

         (6-8) 

 א א(6-7)  א א-אא ،
،אאK

F٦-٤EExample
אאאא-אאא

،א(p)FrEא(I)K
אאF٦-٧KE

אSolutionW
אאאאא(I)

א،(r)אאא،-،
אאאאF٦-٧KE
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
אF٦-٧Eאאא

א(p)אאאאא
א،אאא(∞ - 0)א(6-8)،

אF٦-٤WE

3
o

r
rLId

4
Bd

rr
r ×

⎟
⎠

⎞
⎜
⎝

⎛=
π
µ

 

 א)r( r א א א (p)،
אא)rLd( rr

×אאא)Bd(
rא،W

2
0

r
sinIdL

4
dB

θ
π
µ

=  

W
θsinrdLrdL =×  

א،אא אאאא
،אאאW

∫∫
∞

==
0 2

0

r
dLsin

2
dBB

θ
π
µr

 

אF٦-٧EW
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o
2
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µ
π
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⎥
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⎡
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،אאאאאא،،א
א،א،-אא-אא

אאJא،W
∫ = Ids.B oµ
r

          (6-9) 

אאא،אאאא(R)،
W

R2
IB

IBR2

BR2dL.B

o

o

π
µ

µπ

π

=

=

=∫

r

r

 

אאאאאאא-K
אאאא(∞ - 0)א(∞ - 0)א،

אאאאא(+∞, -∞)אאW
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W(dL)(-∞ -∞)אא(0 - π)K
אא(6-9)אאאא،،

،אאאאא
אאK

F٦-٥EExample
אאאא(I)

א(r)K

אSolutionW

אאW

∫ = ILd.B oµ
rr

 

אאא،א
،אFrE،W

I)r2(B

r2dL

oµπ

π

=

=∫  

r2
IB o

π
µ

=       אE  B Fא  (6-10) 
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٦-٥אאThe Magnetic Field of SolenoidW
אF٦-٨Eאאא

(n)א،אא(I)א،א
אאאK


אF٦-٨E

אא)B(
r

،אאא(abcd)
א)I( oאאאKאאאאאא

אK

∫ ∫ ∫ ∫ ∫+++=
b

a

c

b

d

c

a

d

dL.BdL.BdL.BdL.BdL.B
rrrrr

 

)B(
r(bc)(da)א،א(90°)א(cos 90)

אא،אא(B = 0)א،(ab)
(cd)אאא)B(

rא،אW

∫ ∫ ==
b

a

d

0

hBdL.BdL.B
rrr

 

(h)א(ab)FcdE،אאאFnE،
אאאאW

∫ ==

=

hnIhBdL.B

)nh(II

o

o

µ
rr  

nIB oµ=
r

          (6-11) 

אא(6-11)אאidial solenoidK
אאtoroidאא(I)א(N)אא

אאW
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NI)r2(B oµπ =
r

 

r2
NIB o

π
µ

=       E  B Fא  (6-12) 

אא(6-12)،אאא(r)،
K

٦-٦אאאInteracting force-two parallel currentsW
אא א א אאא א

،א،אFdEא،(Ia)(Ib)א،
אF٦-٩KE


אF٦-٩E

אאא،אאאאא
אאK

אאא(b)אא)B( a،אא
)B( aאא(b)W

d2
I

B a0
a π

µ
=           (6-13) 

אא،אאאאF٦-٩E،אא
א)F( baאא(b)אאא،(6-5)،W

abba B L I  F ×=           (6-14) 

אF٦-٩E(L))B( aאאא،א
(6-13)(6-14)W

d2
IIL90sinBLIF ba0

abba π
µ

== o  

d2
LII

F bao
ba π

µ
=      FאאE  (6-15) 



א١٠١ אא 
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אא)F( baאא)BL( a×א،
אא)F( baא(a)K

אאא(a)א،א
א(b)אאא،אאא،א،

،אאאאW
אאאאFאEאא،אאFE

אK
F٦-٦EExample

אF٦-١٠Eא(d)
אא)I,I( ba،W

A15I,A32I,cm3.5d ab ===  

אאאאא،א،א
(40 m)K

אSolutionW


אF٦-١٠Eאא

אF٦-١٠KE

אאא(6-15)،W
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N1024.7
)103.5(2

)40)(32)(15)(104(
d2

LII
F

m.T104
m40L,cm3.5d
A32I,,A15I
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Bao
ab

7
o
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−

−

−

−

×=

×
×

=

=

×=
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π
π

π
µ
πµ

 

אא،אאא،K
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א
Summary 
 

• אאmagnetic fieldא،אאאא
אאאא،אאאא

 א א  א א  א א   ،א (SI) ،
אאאאאאא(90°)אW 

m1.A1
N1

s1
m1C1

N1T1

qv
FB B

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

=

 

• אאא)L()I(
א)B(W 

BLIFB

rr
×= 

• -Biot’s-Savart lawW 

3
o

r
rLd

4
IdB

rr
×

=
π

µ 

،אאאאא
אאא،)I(אאא

אK 
• Amper’s lawW 

∫ = ILd.B oµ
rr 

א،אאא
Amperian Loopאאאא،W 

١-אאאא)r(W

r2
I

B o

π
µ

= 

٢-אאW
nIB oµ= 
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)n(אאK 
٣-אאW

r2
NI

B o

π
µ

= 

)N(،אא)r(אאאK
• אאאאW 

d2
LIIF bao

ba π
µ

= 

)L(،א)I( a،אאאא)I( b،אאאא)d(
אאאK 



א١٠١ אא 

אLLאאאאאאאא 

 

- ١٦٨ - 

אאא
Self Test Exam


אאאאאאאא،

אא،אאאK
אאאאW

א-Biot-Savartאא،(B)א
F٦-١١ E  א(c)א   ،א    א    ،
)R( 1א،)R( 2אאא(ADJHA)א،

אאא(I)K


אF٦-١١E

אאאאW
אא،אאא)m103.5( 11−×

)3.1v10s/m( 6 =×Kאאא
א،אK

Wא)kg1011.9m( 31
e

−×=،)c106.1q( 19−×=K
W،אאאאאא

אאאאאאאאFEK
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אא
Unit Six Exercises & Problems 


٦-١א(23°))mT6.2(

)N105.6( 17−×K
١-אK
٢-אאא)eV(K
٦-٢)A4.4(،

א،)T5.1(אאאא،K
٦-٣solenoid)cm95()cm2(،(1200)א

F٦}٣AEKאאאאאK
٦-٤(200)،)cm25()cm10(א،)A3.0(K

אאאK
٦-٥)cm13()cm6.2(א)A18(Kאאא

א)mT23(KאאאK
٦-٦אtoriod)cm5(،

אא)cm5.1(،(500)א)A8.0(K
١-אאאאאאאK
٢-אאאאאאK
٦-٧א،
)m1012( 2−×א،)A40(אא،

א،אK
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א
Optional Problems 


٦-١אאW

j)s/m103(i)s/m102(v 66 ×+×=
r  

א
j)T15.0(i)T03.0(B −=

r
 

١-אאאאאאK
٢-אF١EאK
٦-٢אW

j)s/km35(i)s/km40(v +=
r  

אW
j)N108.4(i)N102.4(F 1515 −− ×+×−=

r
 



 

 



א

 

אאאאאא 

אאא
אאאאא 

אאאא 


א


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אFEAppendix
אאאPhysical Constants

אאאא
אאאabsolute zero temperature K0  C15.273 °−  

אא
אא

acceleration due to 
gravity at sea level 
(Washington d. c.) 

 2s/m801.9  

Avogadro’s number ON  mole/particles10022.6 23×  
אcharge of an electron e C106022.1 19−×−  

constant in Coulomb’s K 229 kg/m.N10988.8 ×  
אאgravitational constant G 2211 kg/m.N10673.6 −×  
א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 vacuum c )exact(s/m1099792458.2 8×  
אmass of neutron nm  kg1067492.1 27−×  

אאpermittivity of space oε  m/F1085.8 12−×  
אאpermeability constant oµ  A/m.T104 7−×π  

אConversion Factors
١אאatomic mass unit = 227 c/MeV5.931kg10661.1 =× −  
١electronvolt = J10602.1 19−×  
١Joule = m.N1  
١Joule = C.V1  
١coulomb = )unitseargchelementary(10242.6 18 ××
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אFEAppendix

אאאMathematical SignsW
=>≤
≠≥<<
≅>>≈
≡؛<

א١٠Arithmatic 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 •

א0cbxax2 =++،
a2

ac4bbx
2 −±−

=K

א0x2x2 =++ γβ،γββ −±−= 2xK 
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אTrigonometryW
 :Definitions of trigonometnc Functionsلمثلثية تعاريف الدوال ا •

אאאinverse functionsWאFθEθsinu =،FuE
usinarc=θ،F-١uEusin 1−=θKאאאאW
ucosarc،utanarcאK



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  •

θπθθπθθπθ

θ
θ

πθθπθθπθ

θθθθθθ

tan)(tancos)(cossin)(sin

ctn
tan

1
2

tansin
2

coscos
2

sin

tan)(tancos)(cossin)(sin

=±−=±−=±

−=−=⎟
⎠
⎞

⎜
⎝
⎛ ±=⎟

⎠
⎞

⎜
⎝
⎛ ±±=⎟

⎠
⎞

⎜
⎝
⎛ ±

−=−=−−=−

m  
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 :Properties of a triangleخواص مثلث  •

γβα

γ

β

α

πγβα

sin
c

sin
b

sin
a

cosab2bac
cosca2acb
cosbc2cba
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 :Trigonometric functionsالدوال المثلثية  •


אאאאאאאאK

אאאאW



א١٠١ א 

אLLאאאאאא 

 

- ١٧٥ - 

θθπ
θθπ

θθπ

tan)(tan
cos)(cos

sin)(sin

−=−
−=−

=−
 

אאW

θθπ
θθπ
θθπ

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

=+
−=+
−=+

 

אאאאאW

θθ
θθ
θθ

tan)(tan
cos)(cos

sin)(sin

−=−
=−
−=−

 

אא،אW

θ
θ

θ
θ

θ
θ

tan
1ctn

cos
1sec

sin
1csc ===  



א١٠١ א 

אLLאאאאאא 

 

- ١٧٦ - 





א
FE

A
ppendix





א١٠١ א 

אLLאאאאאא 

 

- ١٧٧ - 
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אאW

2
B vm)2/1(K =  


אאאאאאא،

،אאאאאאאW

s/m2287v
mv)2/1()m267.0)(s/m8.9(m

KU
0KUW

B

2
B

2

=
=

=
=+=

∆∆
∆∆∆

 

אא)B(K
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٢-אא)C(אאא
א)B()C(W

0v0mvm)2/1(0
KU

)0h(0U
0W

C
2
C =⇒≠=

=
==

=

∆∆
∆
∆

 

א)v( Cא)C( )v( Bא،
אאאאאאאאאא

אK،אWא
א،אאאK

אאאאW
١-אאאאאW

2mcE =  

)C(א)s/m103( 8×K

joule1008.1
)s/m103)(kg12.0(E

16

28

×=

×=
 

٢-אאאאW
PtE =  

)P(אאא)t(W

y1044.3
s1008.1

W1000
Joule1008.1

P
Et

5

13

16

×=

×=

×
==

 

אאאאW
אאאאאאא

אאא،אא)f(K
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hfEEE of =−=∆  

)h()s.J1063.6( 34−×)eV1014.4( 15−×،
)f(א)s103.4( 114 −×אW

eV8.1E
)s103.4)(s.eV1014.4( 11415

−=
××−= −−

∆
 

אאאא)E( oאא)E( fK

Wאאאאא
١-אW0



W

)h(W،אא)h( oWאK

)v(W،אא)v( oWאאאK

)g(WאאK

)s/m(42
)m90()s/m8.9()2(gh2v

vm
2
1hgm

2

2
o

=

==

/=/∴

 

٢-אאאאאאW

s28.4
)s/m8.9(

)s/m42(t

t)s/m8.9(0tgv)s/m42(

4avv

2

2
o

o

==∴

+=+=

+=

 

2
oo

2 mv
2
1mghvm

2
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אאאא
אאאאW

אאא)F( 1

r،א
אא)F,F,F,F,F( 1213141516

rrrrr،אאא
א)q( 1אאאW
١-א)q( 2)q( 1אאא)F( 12

rK
٢-א)q( 3אא)q( 1א

)F( 13

rאא)q( 1א)F( 13

rK
٣-א)q( 4א)q( 1אא

אא)F( 14

rK


אאא،אאF٢E

                                                 
F١Eא)q( 6א)q( 4)q( 1אאאאאא

)q( 1א)q( 4K
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١٠J٣אK K K K K K K K K K K K K K K K٧٥
١١J٣אK K K K K K K K K K K K K K K K K K K٧٦
١J١١J٣אK K K K K K K K K K K K٧٦
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٢J١١J٣אK K K K K K K K K K K K٧٨
אK K K K K K K K K K K K K K K K K K K K K K٨٣

אאאK K K K K K K K K K K K K K K K K K K٨٥
K K K K K K K K K K K K K K K K K K K K٨٦
אאאWאאK K K K K K K K K K K K K K K K٨٨

١J٤אK K K K K K K K K K K K K K K K K K K K٨٨
٢J٤אK K K K K K K K K K K K K K K K K K K K K٨٩
٣J٤אאK K K K K K K K K K K K K K K K K٩١
٤J٤אאK K K K K K K K K K K K K K K K K K٩٤
٥J٤אK K K K K K K K K K K K K K K K K K K K K٩٥
٦J٤אK K K K K K K K K K K K K K K K K K K٩٧
٧J٤אK K K K K K K K K K K K K K K K K K١٠٣
٨J٤אK K K K K K K K K K K K K K١٠٤

אK K K K K K K K K K K K K K K K K K K K K K١٠٦
אאאK K K K K K K K K K K K K K K K K K K١٠٩

K K K K K K K K K K K K K K K K K K K K١١١
אאWאאK K K K K K K K K K K K K K K١١٦

١J٥אK K K K K K K K K K K K K K K K K K K K١١٦
٢J٥אאK K K K K K K K K K K K K K K K١١٧
٣J٥K K K K K K K K K K K K K K K K K K١١٩
٤J٥אאK K K K K K K K K K K K K K K K K١٢٤
٥J٥אאאK K K K K K K K K١٢٦
٦J٥אאK K K K K K K K K K K K K K K K K١٢٧
٧J٥אאK K K K K K K K K K K K K K K K K١٣١
٨J٥אאאK K K K K K K K K K K K K١٣٤
٩J٥אאאK K K K K K K K K K K K K١٣٥
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١٠J٥אאאK K K K K K K١٣٦
אK K K K K K K K K K K K K K K K K K K K K K١٣٩

אאאK K K K K K K K K K K K K K K K K K K١٤١
K K K K K K K K K K K K K K K K K K K K١٤٤

אK K K K K K K K K K K K K K K K K K K K١٤٧
אאWאאK K K K K K K K K K K K K K K K١٤٨

١J٦אK K K K K K K K K K K K K K K K K K K K١٤٨
٢J٦אאK K K K K K K K K K K K K K K K K١٤٩

١J٢J٦אאK K K K K K K K K K K١٥٣
٣J٦אאאK K K K K K١٥٤
٤J٦אאאFJEK K١٥٧
٥Jא٦אK K K K K K K K K K K K K١٦٢
٦J٦אאאK K K K K K K K K K K١٦٣

אK K K K K K K K K K K K K K K K K K K K K K١٦٦
אאאK K K K K K K K K K K K K K K K K K K١٦٨

K K K K K K K K K K K K K K K K K K K K١٦٩
אK K K K K K K K K K K K K K K K K K K K١٧٠

אK K K K K K K K K K K K K K K K K K K K K K K K K١٧١
אFEאאאאאK K K K K K K K K K K١٧١
אFEא،אא١٠א،א،אK١٧٢
אFEאאאK K K K K K K K K K١٧٦
אFEאאאK K K K K K K K K K K K K K١٧٧

אK K K K K K K K K K K K K K K K K K K K K K K K K١٩٥
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אאאאאא

אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS       
 


