
 

אאאאאא 

אאא
אאאאא 

אאאא 

LLאאא 

١٠١١٠١ 





א١٠١ א

LLאאאאא 

 

 


،،אא،אW


אאאאאאאאאא

א א א אא א א،א
אאאאאא

אאאאאאW
אאאK


אאאא אא

 א        ،א אא   א
א،אאאאא

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

אאאא،א
אא،אאK


 א א   ?א א ?  ?  L

Lאא?אאאא
אאאK


אאאאאא

  ،א אאא     א
،אאאאאאK


   א אא א W
אK



אאאא



א١٠١  

LLאאאאא 

 

 


An Introduction 



،אא אא א ،  
א،אW




]אW١٣[،


]אW١٩١[א،
אאאאא،K

אאאאא،אאאאא
،אאאאאאאא

אאאאאאאאאאאאK

،אאאאWאא،אא
،אאא،אא،אאאא،אא

א،א،אא،אאאאא،א
אאאאאאW

١-אאK
٢-אאK
٣-אאLא--K
٤-אאK

،אאאאאאW

١-א،אאאאאאא
،אאאאאאא

אאאאא،אK
٢-אאאאאאא

א،אאאא،אאא،אאאא،אאא
אאאאאאאא،אאא



א١٠١  

LLאאאאא 

 

 

،אאאאא
אא،אאאא،א

אאאאK
٣-א،אאאאאא

،אאאאא
אאK

אאאא
א،אאא،אא

F،אא،אא،אא،אאEKKK،
אאאKא

אאאא،א
אאאאאאאאK

אאאאא
،אאאאאאאאאא

אאאאאאא
،אK

אאאא
אאאא،א

אאאK
א،אא

אאא،אאא
אK

א،אאאאK



 

 



 

 

אא

 

אאאאאא 

אאא
אאאאא 

אאאא 




א



א



١
 



 

 



א١٠١ אא 

LLאאאאאאא 

 

- ١ - 

١-١ אIntroductionW

אאאאאאא
Kא

אאאא،א
אא،א،

אאאKאא
W

١-אאFאאאEmeasurement units of dimensional quantitiesK

٢-אFאאאאEunits dimensionsK

א،אא
אאאא ،  ،אאאא

א،אאאאK

אאאא،אאא
אא،אאאא،

אאFE،אאאW

١-אאאK

٢-אאאאאאאאא،
אK 

٣-אאאא
אאאאאא،אK 

٤-א،אאאא
אאאאאK

٥-אאאאאK
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٦-אאאאאא،
אאאK

١-٢ אאMeasurement UnitsW

אא--،אאא
 א    א א אא W א  ،א ،אא ،א

،אאאא،א،א،אאאא
אאאאאא

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

אאאKאאאאInternational Systemאא،(SI)
אאSystem InternationalK

،אאאאאאאאא
 א א  א א      International bureau of 

weight and measuresא אא א ،،
אאאאאאK

אF١-١E،אאאאW
אאאא؛F١E،

אאאKאאאאF١-١E
،אאאאאאאאאF١-١-KE

Symbol א(SI) Unit אQuantity א
m meter אlength א
kg kilogram אאmass א
s second אtime א

                                                 
١١EאאF١-٦EאF١-٤Eאאאאא،אאK 
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K kelvin אthermodynamics 
temperature אא

A ampere אelectric current א
cd אcandela אluminous א

mol mole אamount of 
substance א

אF١-١EאאאאF١E

Symbol א(SI) Unit אQuantity א
rad אradian אplane angle אאא
sr. אsteradian אsolid angle אאא

אF١-١-Eאאאאא

אאאW

١-٢-١אאThe Metric SystemW
אאאא،אאאאא،

אאאאאאאF١-١E،אא(MKS system)

אאאאאאא(Meter, Kilogram, Second)
אאאKelvinאא،(K)K

١-٢-٢אאThe Gaussian system (CGS)W
א א א א ،א א א אא

אאאא،(MKS)،א
אאאאאK

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

אאאא(K)אאK


                                                 
F١EאאאאאאKאאF١-٦KE 
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١-٢-٣אאThe British System (FPS)W

אאאאאWא،א،א،
  א (FPS System)א א א א   א א א 

א(Foot, Pound, Second)،אאאאFahrenheitK
  א  א     א א א  

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

אאאאאKאאאK

١-٣אאאאInternational System Units (SI)W
אאאאאא،אאא

א א        א א א אF،א ،א
אE،א אאא،אא א

،אא،אאאא
  א א  א א  א     

אK

١-٣-١אMeterW
אmeterאאא(SI)אא

אאאא،،אא
אאאאא אא א

،אאאF١٧٩٩EK


 א  אא  א א   א א)meter10( 7 K  

אאאאאא)meter104( 7×א،
אאאא Kא ،אאא א
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א(0.08 mm)אאאK،אא
،אאאא

אאא،،
،א אא،אא

אאאF١-٢KE

 
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
אא

in 2.54 × 10 -2 m ، inch 

h 1 × 10 2 m  hectometer 

km 1 × 10 3 m  kilometer 

mi 1609 m  mile 


אא

--- 9.468 × 10 15 m  light-year 

אF١-٢Eאאאא

אאאא א אאא א
،אאK

אאF١EThe Calibrated MeterW

)73.1650763(אאאאאא)d5( 5
)p2( 10F–Eאא(86)א،

אא)meter10( 8−אא،W

                                                 
F١Eא١٩٨٢אאא،אF٢٩٩٧٩٢٤٥٨L١EאאK 



א١٠١ אא 

LLאאאאאאא 

 

- ٦ - 

oA8.6057

meter057810.6
73.1650763

1
)86(isotopekryptonoflengthwave

73.1650763meter1

7

=

==

=
=

−λ

λ
λ

 

אאאאא
אא)C210( °−K

١-٣-٢אSecondW
אsecondאאא(SI)אא،

א א،א Kא א ،אא 
 אא)HZ9192631770(אא (133) 

cesium atom  א א א ، א   א  ،K
א،אאאאF١-٣EאK

 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 

אF١-٣EאאאאFאEאא

אא  Wא  (86400)،א
אאאאא(86400)א،W

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

אאאא(1967)K
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١-٣-٣אאKilogramW
אאאאאא(SI)אאא،

אאאאאא،א
،אאאא

(3.9 cm)Kאא؛א
   אא)C4( °א אא      Kא 

    )1001188.5(אא؛ 25×א (12)א،
א ، א א ،  א א א א אא

אא אאא אא 
א،אאאF١-٤EאK

Symbol 
א

Quantity in Kilogram 
א

Name 
א

g 1 × 10 -3 kg אאgram 

u 1.66 × 10 -27 kg אא atomic mass unit 

oz 2.835 × 10 -2 kg  ounce 

lb 0.4536 kg ، pound 

sl 14.59 kg  slug 

ton 103 kg ton 

אF١-٤EאאאFאאE،
אא

١-٣-٤אKelvinW

אאtemperatureאא(SI)،Kelvin 

scale אא אthermodynamics   ،)16.273/1(א אא  
،אאאאKאאאא

אא(SI)K
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١-٣-٥אAmpereW

אאelectric current intensityאא(SI)א،
אאאא

، א     )N102( 7−×א  א א  
א(SI)K

١-٣-٦אCandellaW

אluminous intensity)60/1(
black body radiation)cm1( 2אא)K2045(א،

אאאאא،א(SI)K

١-٣-٧אMoleW
אamount of substanceאא

   א אא    א (12)אא   א
)kg1012( 3−×אאאאא،אא

אאאאא،אא(SI)K
א אF١-١ Eאא radianא אא  

  א )3.57( ° אא ،steradian א אא   
אKאאK

١-٤אDimensionsW
אא،אא

א،אאא،אאאאdimensional 

consistency and units consistency،אא،Wא،א،
א،א،אא،אא،א،אא

אאאאאאW
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אא[K]א[L]

אא[A]א[M]

א[Cd]א[T]

א[Mol]
אאאאא[ ]א،،

א،אאאאאאא
אאאאאאאאW

١-אאאאK
٢-אאאאK 

٣-אאאאאאאK 

٤-א،(MKS)(CGS)K 

אאאא،אאא
،א א אא  א،א،

،אאאW

t
xv =  

אW

[ ] [ ]
[ ] [ ][ ] 1TL
T
Lv −==

אאא[ ]אא،אאאא،
]L[،אאא]T[אא(1)א،אא

אאאאW

[ ] [ ] 11 smTL −− =
א،אאאאW

)s/m(א(MKS)אאאאא،
אאאK



א١٠١ אא 

LLאאאאאאא 

 

- ١٠ - 

F١-١EExample
אאאאאאאאא

Isaac Newtonא،،
אK
אForceאW

amF rr
=

(m)א ،)a( r،א  א   א
א)s/m(א)s(אW

)s/m(
)s(

)s/m(
t
va 2===
∆
∆rr 

אאא)kg1(א)s/m1( 2א،W
)s/m)(kg(amF 2==

rr
 

،אא א אא  א
אW2]T][L][M[ −

אא)s/m.kg( 2אK

F١-٢EExample
א א  א א   ،א אא

אא،אאW
rFW rr.=  

)F(
rא)r( vאאאאא،א

،אא،אאא،אא
Wאאא،א

)
s
mkg(

)m)(
s
mkg(J

2

2

2

=

=
 

א،א،אאאאK
א22 ]T[]L][M[ −K 
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אאאא)N1(א
)m1(אא،אאאאא

אאK
אאא

CoulombVoltא،אK
אאאא،אאא

،אאאאא
،אאאא?אאאא?Dimensions and units 

theoryKא،
אאFEאאאאאאא

אאאא،א
אK 

F٣-1EExample
א אא א   א   א א  ،(m)

(ν)K
אSolutionW

אאא(A)אאW
γβα TMCLA =  

  א),,( γβαא   אא     ،א
،אאCאאא،אאא

אאא،אW

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= 2

2

s
mkgJ  

[ ] [ ]
[ ] [ ] [ ]γβα TML

LTM 211

∴

−

 

W
α = 1,β = 2,γ =  -2 
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אW
2mv

2
1K =  

W
)2/1(C =  

אאאאאF١-٥KE
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 

אF١-٥EאאאאאאF١E
Prefixes for (SI) units 

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

אאF١-١KE
אאאאא

א)( rεא،א
אאK

                                                 
F١E،אאאאאא--

אאאאK 
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אאאאאאאא
dimensional analysisאא،W

F١-٤EExample

אאאאאאא
אאW

t
d

)TT(
kAQ 12 −=  

אאאאW

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

،אtW،אdWאאאK

אSolutionW

אאאJouleW



אאא

א

אא

א

Z

Z

Z

Z

]L[d

]K[T

]L[A

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

]T[]L][M[Q

2

13

22

=

=

=

=

=

−

−

אאאאא
אאK
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2222

121322

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

−−

−−−−

=

=
 

אאK

F١-٥EExample
אא،אאאאאאא

אאא)R()I(א،
אאאאא،א

resistive powerאאא،(P)K

אSolutionW

אאW
232 ]A[]T[]L][M[R −−=  

אאW
32 ]T[]L][M[P −=  

אאW
]A[I =  

אא)P(אא،אא
אאW

βα RIP ∝  

אW

ββββα

ββββα

322

23232

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

−−

−−−

=

=
 

א،אאאאW

βα
βα

2
02

=
=−

 

[L]،אאאאW
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2β = 2 

  β = 1 

  α = 2 

אW

22

232

232232

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

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

=

=

=
−−

−−−

 

אW
RKIP 2=  

W
K = 1

אאאא
אא(SI)א،F١-٦KE

א
א

אF١E
Dimensions 

אQuantity אא

2m  L2 א area A 

mol  Mol אamount of substance X 
2ms−  2LT −  אFאEacceleration a 

12 smkg −  12 TML −  אאאangular momentum T 

A A אcurrent I 
2421 Asmkg −−  2421 ATLM −−  אcapacitance C 

3mkg −  3ML−  אאmass density p 
22 smkg −  22 TML −  אenergy U 

1sA −  AT אאelectric charge C 

אF١-٦Eאאא



                                                 
F١EאאK 
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א
א

א
Dimensions 

אQuantity אא

132 Asmkg −−  132 ATML −−  אאelectric potential V 
13 Asmkg −−  13 ATML −−  אאelectric field strength E 
232 Asmkg −−  232 ATML −−  אאelectric resistance R 

1s−  1T −  אfrequency v 
2smkg −  2TML −  אforce F 

222 Asmkg −−  222 ATML −−
 אinductance L 

m L אlength l 

cd C d אluminous intensity I 

cd sr C d S r אאluminous flux Φ 
2mcd −  2LCd −  אluminance L 

kg M א mass m 
2mkg  2ML  אאאmoment of inertia I 

112 Asmkg −−  122 ATML −−  אאmagnetic flux BΦ  

12 Askg −−  12 AMT −−  
א

א
magnetic field density B 

m A L A אאmagnetic pole P 

Am 1−  AL 1−  אאmagnetic field 
strength T 

22 Askg −−  22 AMLT −−  אpermeability mk  
2skg −  2TM −  אאsurface tension J 

12 Ksm −−  122 KTL −−  אאאspecific heat C 

s T אtime t 

K K אאtemperature T 
22 smkg −  22 TML −  אאtorque T 

13 Ksmkg −−  13 KMLT −−  אאאthermal conductivity k 
3L  3L  אvolume V 

1LT −  1LT −  אvelocity v 

אF١-٦Eאאא
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W-א-א[ ]
אK

אאאאאא
 א  א א F١-٧ Eא א א   אא 

K
אאlower caseאcapital

אאא،אאאאאאאאאK
),,,,( βγθωαK

א)(η،א)(λ،אא)( ρ
،א)(ν،א)(πאאא،אאא

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

،א)Z(،אאאאאK
אא

Capital 
אא
Lower case 

אא
Greek Name 

אא
Capital 

אא
Lower case 

אא
Greek Name 

N ν  Nu A α  Alpha 

Ξ ξ  Xi B β  Beta 

O O Omicron Γ γ  Gamma 

Π π  Pi ∆ δ  Delta 

P ρ  Rho E ε  Epsilon 

Σ σ  Sigma Z ζ  Zeta 

T τ  Tau H η  Eta 

Y υ  Upsilon Θ θ  Theta 

Φ φ  Phi I ι  Iota 

X χ  Chi K κ  Kappa 

Ψ ψ  Psi Λ λ א Lambda 

Ω ω  Omega M µ  Mu 
F١-٧EאאאאF١E

                                                 
F١Eאא،אאאא،אאאאK 
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F٦-1EExample
אאאאאאProjectile(x)

 אאא א)v( o אא،)g( r Kאא א
אאאאאאאאK

אSolutionW
)g,v(x o∝  

א،אאא(K)،
אא،אא

אאאאK
אאא),( βα

βα gvKx o=  

אאאאאאאא
אאK

אאאא،א،אא
W[L]

אאאאW
{ } { }

βαβα

ββαα

βα

2

2

21

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

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

−−+

−−

−−

=

=  

אאW
βαβα 2]T{]L[]L[ −−+=  

אא،א0]T[،א
א،אאאW

βαβα 20 ]T[]L[]T][L[ −−+=  

אאאאא،
אאdimensions analysis

∴ α + β = 1 ⇒ α = 1-β         (1) 

-α-2β = 0 ⇒ -α = 2β 
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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=∴

אאאאאאK

F٧-1EExample
אאאאאא)x(aW

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

)x( oאאאא)t(،אאאא)v( o
אאאKאאאאFאKE

אSolutionW
אאאW

[L] 
אאאW

221 ]T[]T][L[]T[]T][L[]L[ −− ++  

א ، א אא   
אאא،אאאאW

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

]L[]L[

22

1

==

==

=

−

−  

אאאאK
F١-٨EExample

frequencyoscillationאא)f(א)F(
r

אmass per unit lengthFlm/EK
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א א א א  א ،א אא  א   
אאאאK

אSolutionW
אאאW

)/m,,F(f ll∝  

אאאאא،א،(K)K
γ

βα ⎟
⎠
⎞

⎜
⎝
⎛=

l
mlKFv

אאאdimensions 

analysisאאאFEאא،K
،אאאאאא(SI)(s-1)K

{ }
αβγαγα

γγβα

2

21

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

−+−+

−−−

=

=
 

אא،אא
،אאא،אא00א ]L[]M[W

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

אW
FאEγαγα −=⇒=+ 0
FאE

βγ
βγγβγα

−=−⇒
=+−−⇒=+−

2
00

FאE
1

2/1
2/112

−=
−=∴

=⇒−=−

β
γ

αα
 

2
1

12
1

2
1

12
1

mlKF

l
mKFf

−−

−
−

=

⎟
⎠
⎞

⎜
⎝
⎛=∴ l

m
F

l
Kf =

Wאאאא( ) 2
1

l/m −،
   א  1)l( −  ،   א  א א
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،אאאאא،אאא
אא( ) 2

1
l/m −א،(m)א)l/m(K
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א
Summary 

 
• אאאאאאא

א،אאא
א،אאאאא،אא

א(SI)אאאK 
• אא(MKS)אא،(CGS)אא
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א،אאאאאWאא
)î()ĵ(אW

)(sinjiĵî θ=×  

W
1ji ==  

א90(א( °=θאאא،)k̂(אאא
אא)î()ĵ(אW

k̂)k̂(1)90(sin11ĵî ===×  

אאאא،אאאאא)k̂(
א)z(KW

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

אאאאאאF٢-٢٠KE


אF٢-٢٠Eאאא(i)(j)(k)

F٢-٨EExample

אאאאW

k̂îB

ĵîA

32

43

+−=

−=
r

r

 

אאWBAC
rrr

×=
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אSolutionW

k̂8ĵ9î12C

)î(12)k̂(8)ĵ(90

)k̂3ĵ4()î2ĵ4()k̂3î3()î2î3(

)k̂3î2()ĵ4î3(BAC

−−−=

−−+−+=

×−×+×+×−=

+−×−=×=

r

rrr

 

אא،אאאאא،אW
0=×=×=× k̂k̂ĵĵîî         (2-32) 

W
0)0(sin11îî ==×  

)ĵĵ( ×)k̂k̂( ×K
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Summary 

 
• א א Wא  א،  א     

אא؛אאאאאK 
• א א Wא  א  א     

    א Kאא  
אאאאK 

• א א    Wא א א     
אאאאאאW 

∑
∑

∑
∑

=

++=

++=

x

y

y2y1y

x2x1x

A
A

)tan(

...AAA

...AAA

θ



אWאאאאאא
אא)k,j,i(אאW

kCjCiCC

kBjBiBB

kAjAiAA

zyx

zyx

zyx

++=

++=

++=

r

r

r



،אאאאאאא
،אאאאW

kRjRiRR zyx ++=
r

• א W   (B, A)א     ،
אW 

)cos(AB2BAC 22 θ++=
r

 
)A(،אאאא)B(،אאאא)(θאא

אאK
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• אאWאא)A,B(אאW 

)cos(BAB.A θ=
rr

A،אאאBאאא،א)(θ
א،אאאK

• אאWאא)A,B(אאW 

)sin(BABA θ=×
rr

אא)C(
rאאא

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



אאאאאאאא،
אאאאאאא،K

אאאאW
)F,F,F( 321

rrr)m(،אאF٢-٢١KE

١-אאאאK

٢-אאK


אF٢-٢١Eאאאא


אאאאW

  א א x-component א א ،y-component א 
אאאF٢-٢٢KE
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אF٢-٢٢Eאאאא

אאאאW
אאאאאאF٢-١٥E،

W

١-אאא∑ xFK

٢-אאא∑ yFK

٣-אא،אK

אאאאאW
א)A(

r)B(
rאאאW

ĵ3î3B

ĵ3î2A

+−=

+=
r

r
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W

١-א)A3(
rא،)B2(

rK

٢-אאאא)A(
rא)B(

rK

٣-א)BA(
rr

+א)BA(
rr

−K

٤-אאא)(θא)A(
r)B(

rK

٥-אא)B.A(
rrK

٦-אא)BA(
rr

×K

 W   א א א   אא א  
،אאאאאאאאFEK
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אא
Unit Two Exercises & Problems 



٢-١ א א  ))Aא
r (7) א  ، א א(250°)

אאאאאאאאא)y,x(
אא)A(

rK

٢-٢אאאא)A(
rW

x = -25 

y = 40 

١-אאא)A(
rK

٢-אאאא)A(
rאאאK

٢-٣אאא)R()m15(
r א)30( °א

אאאא،אא)y,x(א،
אK

٢-٤،א)m5.12(
אא)20( °،אאF٢-٢٣KE


אF٢-٢٣Eא،F٢-٤E

١-אאאאאאאK
٢-אאאאK

٢-٥אאא)C(
r)D(

rאאW
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0D,0.2D,4.4D

1.6C,8.3C,4.7C

zyx

zyx

===

−===
 

א)R(
rאאK

٢-٦א)A(
r)B(

rאאאW

ĵ7î13B

ĵ3î4A

+−=

+=
r

r

 

١-אאא)î()ĵ(K
٢-אאא)R(

rא)BA(
rr

+K

٢-٧אא)A(
r)B(

rאאאW

ĵî5B

ĵ4î3A

−=

+=
r

r

 

אאא،אאאW

ABR

BAR
rrr

rrr

−=

+=  

٢-٨אא)A(
r)B(

rאאאW

k̂4ĵîB

k̂ĵ3î4A

++−=

+−=
r

r

 

W١-)BA(
rr

+K
٢-)BA(

rr
−K

٣-אא)C(
rW

0CBA =+−
rrr

٢-٩אאא)A(
r)B(

r)C(
rW

ĵ4î3C

C4BA

C2BA

+=

=+

=−

r

rrr

rrr

 

א)A(
r)B(

rK
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٢-١٠א)A(
r)B(

rאאF٢-٢٤Eא(10)،א
אאאK


אF٢-٢٤Eא،F٢-١٠E

١-א)R(
rאא)A(

r)B(
rK

٢-אאא)R(
rK

٣-אאאא)R(
rאאאK

٢-١١א א א א Kא
   א)m12( א א ،)m6( א א ، )m3(

א،Kאאאאא؟
אF٢-٢٥KE


אF٢-٢٥Eא،F٢-١١E

٢-١٢ א א   א א א    אא
אאW

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

0k̂k̂ĵĵîî =×=×=×          -3 

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

٢-١٣אאא)A(
r(10)אא،א)B(

r
(6)אאא،א(60°)،W

١-אא)A(
r)B(

rK
٢-אאא)A(

r)B(
rK

٢-١٤אא)A(
r)B(

rאאאW

k̂3ĵî2B

k̂3ĵ3î3A

++=

++=
r

r

 

אW

yyyyxx BABABAB.A

)(cosBAB.A

++=

=
rr

rr
θ

 

אאאK

٢-١٥א)A(
r)B(

rאאאW

ĵ4î2B

ĵ5î3A

+=

+=
r

r

 

W

B.)BA(3

B.A2

BA1

rrr

rr

rr

+−

−

×−
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א
Optional Problems 



٢-١אא،אאאW

١-)m1200(אא)40( °K
٢-אאאאא)123( °אאא

)m258(،אאF٢-٢٦Eא،אאאK


אF٢-٢٦E

٢-٢אא)A(
r)B(

r)C(
rאאאW

k̂ĵ2î2C

k̂2ĵ4îB

k̂2ĵ3î3A

++=

+−−=

−+=

r

r

r

 

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

rrrrrrrrr
×++×  

٢-٣אאאא)A(
r)B(

rאF٢-٢٧EW
BA

2
1 rr

×  


אF٢-٢٧Eאא،F٢-٣E



 

 



 

 

אא 

 

אאאאאא 

אאא
אאאאא 

 אאאא


א


א
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٣-١אIntroductionW
אאאאא

אאאאא،א
אאאאאF١EK
אmechanicsאforceאmotion

אאאאא،
אK

אאאאאאא
،א،W

١-אאWאאאmicroscopicא،א
אאatoms،אmolecules،א

אא?אquantum mechanics?K
٢-אאWאאא

אspeed of light،אאאrelativityK
אאאא،אאא،

אאא،אאאא
אFE،אאW

١-،אאאא،אאאא
אאאאK

٢-אאאא
אא،אK 

٣-אאאאא
אK

                                                 
F١Eא،א،אאא

א،אא،אK 
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٤-אאא،אא
אאאאK

٥-אאאאK
٦-אאאK

،אאאאא
،אאK

٣-٢אאDisplacementW
  AB،אאF٣-١E א،displacement

א،אאאאאאAאBK
א א א  א    א F١E  אF٢ E א

אF٣-١Eא،distanceא،
אאWאאאאABאא،Aא،B،

אאאאאK


אF١J٣Eאאאא

٣-٣אאAverage VelocityW
אאaverage velocityא)v(אא،

אא)x(∆אא)t(∆אאאאKW

12

12

tt
xx

t
xv

−
−

==
∆
∆

         (3-1) 
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   א   א א)v( א א    
(x, t)،אאאא)t,x( 22אאאאא)t,x( 11،

אאאא،
אW

x = f(t)           (3-2) 
(x)function(t)אא،(x)אאKאא

אאאvectorK

F٣-١EExample

אאאאאאאW

x = 3t – 4t2 + t3 

١-אא)4,3,2,1(K
٢-אאאא)0t( 1 =)s4t( 2 =K
٣-אאא)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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٣-٤אאInstantaneous VelocityW
אאintanntaneous velocityאאaverage 

velocityא،אאא
אW

dt
dx

t
xlimv 0t == → ∆

∆
∆          (3-3) 

אאא(v)א(3-3)אאאא(x)
(t)אא،،W

F٣-٢EExample

،אאאW
x = 2 - 2t + 4t2 

אא(x)א(t)אK

אאt = 1 sK

אSolutionW

אאt = 1 sאאאW

)s/m(6
)1(82t82

)t4t22(
dt
d

dt
dx)s1(v 2

=
+−=+−=

+−==

 

٣-٥אAccelerationW
אאא)v( 1אא)v( 2

אאאאא،
average accelerationא)a(אאW

t
v

tt
vva
12

12

∆
∆

=
−
−

=          (3-4) 

אאinstantanous accelerationW
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dt
dva =

r
          (3-5) 

אא  א (3-3)א(3-5)א א
אא(v)(t)אאאא،(x)(t)،
،אאW

F٣-٣EExample

אאאW
2t10t50x +=  

אא(x)א(t)אא،א(t1 = 0)،W

١-אאאאאאK
٢-אאאt2 = 3 sK
٣-אאאt2 = 3 sK

אSolutionW
١-אאאאאt1 = 0אt2 = 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-אאW

)s/m(11032050v
t2050v

)t10t50(
dt
dv

3t

3t

2

=×+=
+=

+=

=

=  

٣-אאW
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)s/m(20a

)t2050(
dt
da

dt
dva

2
3t =

+=

=

=

 

Wאאאאאאאא
אאאא،K

٣-٦אאConstant Acceleration MotionW
אאאאא،א

،אאאאאא
W

.consta
dt
dva o ===  

،אא)a( oאאt = 0K
א،W

tdavd =  

אאFEW

.constatv

dtadv

+=

=∫ ∫          (3-6) 

אאאconst.אאאW

const)o(av
ot
vv

o

o

+=
=
=

 

א
constvo =  

אאאא(3-5)אאW
ovtav +=  
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א)v(אאא(a)א
א)v()v( oאאאא)v( o)aa( o=א

(3-6)אאW

ovtav +=           (3-7) 

אאK

W

ovat
dt
dxv +==

W
dtvdtatdx o+= 

אא--אW

consttv
2
tax

dtvtdtadx

o

2

1

++=

+=∫ ∫ ∫
        (3-8) 

אאאאאאW

oxx
ot

=
=

 

אW
const)o(v)o(ax oo ++=  

אW
constxo =  

אא(3-7)אאW

oo
2 xtvat

2
1x ++=  

א )x( אאא אא)x( 
)x( oאאאאא)x( oאאא،W

tvat
2
1)xx( o

2
o +=−         (3-9) 

א(3-7)(3-9)א،אW
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א(3-7)א(t)W

a
vvt o−

=           (3-10) 

א(3-9)W

a2
vv

a2
v2vv2vv2vv

a
vvv

a
)vv2vv(

2
1

a
)vv(v

a
)vv(a

2
1)xx(

2
o

2

2
ooo

2
o

2

2
oo

2
o

2

o
o2

2
o

o

−
=

−+−+
=

−
+

−+
=

−
+

−
=−



)xx(a2vv o
2
o

2 −=−          (3-11) 

אWאאF١EW

W
⎪
⎪
⎭

⎪⎪
⎬

⎫

−=−

+=−

+=

)xx(a2)vv(

tvat
2
1)xx(

atvv

o
2
o

2

o
2

o

o

 

F٣-٤EExample

،א(30 m/s)א،
(50 m/s)(160 m)W
١-אK
٢-אאאא(30 m/s)K
٣-אאאא(30 m/s)K

אSolutionW
١-א(3-11)

                                                 
F١Eאאאא)xx( o−א)d(،W

d)xx( o =−K 
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[ ]

)s(4
s/m5

s/m)3050(
a

)vv(
a
vt

t
va

)s/m(5
m)160(2

s
m)30()50(

)xx(2
vva

2
o

2

2
22

o

2
o

2
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−
=

−
==

=

=
⎟
⎠
⎞

⎜
⎝
⎛−

=

−
−

=

∆∆

∆
∆  

٢-אאאא(30 m/s)W

tvat
2
1xx

)s(5.6
)s/m(5
)s/m(30

a
vt

o
2

o

2

+=−

=

==

 

٣-אW

)m(90

)s5.6)(s/m5(
2
1x

at
2
1x

0v
0x

22

2

o

o

=

=

=

=
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٣-٧אאNewton’s First LawW
א،אאאאא

א،אאאא
אאאא،אאאא

אאאאW
אאWאאאאאא

K
אאWאאאאאא

،،K
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א
reference system،אא،א

אאאאאאinertia law،
،אאאאא?אK?

אאאאאא،
אאאאא

אאK
אאאאאאאא،א

א،אאא،
אאאא?אאא?אאא

equilibrium conditions،אאאא
،אאW

∑ = 0F
r

 

אW
vmp rr

=  

)p( rאmomemtum،(m)،)v( r
אK

٣-٨אאNewton’s Second LawW
אאא( )∑F

rא(m)،א
א)a( rא،אא

אK

∑ ∝ aF rr           (3-12) 

אW

.const
a
F

a
F

a
F

3

3

2

2

1

1 ===  
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אאא(m)א،
،אאאאאאאא

אKאאא(3-12)אאW
∑ = amF rr

          (3-13) 
אאאאexternal forces،אא
אאאinternal forcesא،אא

،אאK
א(3-13)אאאK

אאאא(x, y, z)אאאW

⎪
⎪
⎭

⎪⎪
⎬

⎫

=

=

=

∑
∑
∑

zz

yy

xx

amF

amF

amF

rr

rr

rr

          (3-14) 

אא(3-14)אאא(m)
אא(ax, ay, az)אא،K

א(3-13)אאאא(SI)אא
،אאאW

IN = (1 kg)(1 m/s2) 
F٣-٥EExample

(8 kg)א،
(30 N)אאא،W
١-אאאאא(3 N)K
٢-א؟אאאאK

אSolutionW


אF٣-٢E،F٣-٥E
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١-אאא)F,f( kא
אא(x)W

)s/m(375.3
8

27a

)a(8330
fFF

2
x

x

kx

==

=−

−=∑
 

٢-אאאאאאW

)s/m(75.3
8

30a

)a(830
maF

2
x

x

x

==

=

=∑
 

 F٣-٦E
Example

(20 kg)אאא(15 m/s)א،
אאאאא(45 N)K

١-אאא؟K

٢-אK

٣-אאאאK

אSolutionW


אF٣-٣E،F٣-٦E

١-אאאא)s/m15v( o =،
אא)0F( =K

٢-אאW
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)s/m(25.2
20
45a

)a(20450
mafF
amF

2

x

xk

xx

−=
−

=

=−
=−

=∑ rr

 

٣-א،אאא
،אW

)s(6.6
25.2
150

a
vvt

t
vva

o

o

=
−
−

=
−

=

−
=

 

א(6.6 s)K

 F٣-٧E
Example

(9.1×10-31 kg)אא،א)s/m10v( 6
o =

א،אא(10-17 × 8 N)א
א،א(10-8 s)KאאK

אSolutionW

א،אאא،
אאאאאא،אW

atvv o +=  

אאאאא

0v
0a

oy

x

=
=  

אW



א١٠١ אא 

אLLאאאאאאאא 

 

 - ٧٣ - 

)s/m(1079.8

10
101.9

1080

t
m
F

vv

m
F

a

amF

amF
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8
31

17

e
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yoy
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yey

yey
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⎛
×
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٣-٩אWeightW
אweightאאאאא

)amF( rr
=،אא،אאא

אא،אא
،אאאgravetational attraction

אאא،אאW
gmW rr

=           (3-15) 

אאאאא
(m)،א)g( rא،אא

،אא)g( r)a( rאאאK

אאא(3-15)אאא(y)
אאאא)ĵ(אאW

ĵgmW rr
−=           (3-16) 

אאאאאאאא
א(y-axis)א،K

אאאאאW

١-אK
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٢-א(g)אא،K

אאW

-אאinertia massWאא
אאא،אא،אW

a
F

minertia
∑=           (3-17) 

-אattraction massWאאא
אאKא،א)W,W( 21

rrא،
א)m,m( g2g1K

אW

2

1

g2

g1

W
W

m
m

r

r

=           (3-18) 

،אאאא
אאgravitational accelerationאאfree 

falling acceleration(g)KאאW

⎪⎭

⎪
⎬
⎫

=

=

)g)(m(W

)g)(m(W

22

11
r

r

         (3-19) 

א(3-19)א(3-18)W

.const
m
m

m
m

2

1

g2

g1 ==  

W

m ∝ mg 

אאא
אאאאאW

1
m
m

g

=  , m = mg 
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K

٣-١٠אNewton’s Third LawW
אאאא،אאא
אאאאא

א،אWאאאאא
אאא،אKאא

،אאאF٣-٤Eא،א(A))F( AB

rא(B)،
אא(B)FBAF

rEא(A)אאא
אאאא،אW

BAAB FF
rr

−=           (3-20) 


אF٣-٤Eא

אאאW

אאאKאאאא
אאאאאintertial frames

אאאאאKאאא
actionאאא،reactionKאא

אאאאא،א،
،אאאאאF٣-٥KE


אF٣-٥Eאאא)F,F( 11 −)F,F( 22 −
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אאW

-אאאאא،
א)W(

rא،א)N(
r

אאK

-אאאאאאא)F(
r

אאא)N(
rK

-אאא)F(
rאאא

)N(
rK

٣-١١אFrictionW
)F(

r،
אאאאאאא

אא،אאא
אאFאEאאFאאEאא

friction force،אאא
אאאK

אאאאא
אאאא،אK

١-אK

٢-אK

٣-١١-١ אW

،אאאאא
אW

-אאstatic frictional forceW
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אאאאאאא)F(
r،

אאאא static frictional force
אא)f( sא،א)f( s

אא)N(
rאא،אאאK

-אאkinetic frictional forceW

אאאא)F(
rא،

אאאkinetic frictional forceאא)f( k،
אK

אאאאאW

١-אאאא)F(
rאאאW

sfF
rr

≤            (3-21) 

א)F(
r)f( s

rא،אא)f( s

rא
)F(

rא،F٣-٦EK

٢-אא)f( s

r(fs max)
אאW

Nf smaxs

rr
µ=           (3-22) 

)N(
rא)W(

r،)( sµאא
coefficient of static frictionK



א١٠١ אא 

אLLאאאאאאאא 

 

 - ٧٨ - 


אF٣-٦Eאא،fsfk

٣-אא،אאא
א)f( s

rאאאW
Nf kk

rr
µ=           (3-23) 

)( kµאאcoefficient of kinetic frictionK

٣-١١-٢אW

א،אאאאא
אא،א؛א

אאאאK

-א  א אFא  ENonfrictional incline surface 
motionW

אF٣-٧KE
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אF٣-٧E

אאא(m)א(W)،،
אא(θ)אא،(x, y)

א،א،אאאאW

١-אW)mgW( =
r 

(g)،אאאK

٢-אא)N(
rK 

א)W(
r)N(

rאא،אK

אאאאW

אאאWWx=W sin θ

אאאWWy = W cos θ

א(N)(Wy)א،א
אאW

Wy + N = 0 
א(Wx)אאא

،אW

Wx = mg sin (θ) = ma 
a = g sin θ          (3-24) 



א١٠١ אא 

אLLאאאאאאאא 

 

 - ٨٠ - 

אאא(3-18)אא
אאאאK

 F٣-٨E
Example

אאאאאאF٣-٧E
(20 kg)אא،(45°)K

א،אאאא(g = 9.8 m/s2)

אSolutionW

אאא(3-24)W

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

אאK

אWא؟אאא
א(3-24)K

- א א  אFא  EFrictional incline surface 
motionW

אF٣-٨E
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אF٣-٨E

אאא(m)א)W(
r،

אא(θ)،אאא،
)y,x(א،אאאא

אW

١-אW)mgW( =
rK

(g)،אאא
אK

٢-אא)N(
rK

אאא)W(
r)N(

rאאא
אאא،אאK

Wx = W sin θ 
Wy = W cos θ 

א)N(
r)W( y

rא،אאא
)W( xאא)f( kאאאא

אא،א،W

mafsinmg

mafWF

k

kxx

=−

=−=∑
θ

 

m
fsinmg

a k−
=

θ          (3-25) 

 F٣-٩E
Example

אאאאאאאאF٣-٨E
(12 kg)אא،(20 N)אאא،

אא(30°)אא،(9.8 m/s2)K
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אSolutionW

אאא(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) 

אW؟אאא
(3-25)K
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Summary 



• א  W     ،א  אא   א א 
אאאאאאאאא

אK،אאאאאאא
אאאאאאW 

0v =∆
r 

אא،K 

• אWא אאאאא
 א (m)א  ،    א   

،אא،אאאW 

m
F

a ∑=
r

r

אאאא،K 

• אWא?Wאא
אK? 

،אאאאאאאאא
א،אאאא

،אאא،K

•  אא Wאא אא א
אאK 

a
Fm =
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• אWא،אאאאא
(W1, W2)א)m,m( g2g1W 

2

1

g2

g1

W
W

m
m

=

• א  Wאאא  ، אא א 
אאאאאא ،א  אK

אא א ،א
אW 

Nf,fF smaxss

rr
µ=≤

)( sµ،אא א ،אא
אאאא(fk)،W

Nf kk

rr
µ=

)( kµאאK

• אא)a( rW
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אאא
Self Test Exams 


אאאאאאאא،

אאא،אאאאK

אאאאW
(97 kg)אא

(470 N)K،אאאאאאא
١٩٤K

אאאאW
אאאאא(15 m)،K

١-אאאאא(6 m/s)،(110 g)،
،אאאאא١٩٤אK

٢-אאאאאK

Wאאאאאא
،אאאאאאאאFKE
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אא
Unit Three Exercises & Problems 



٣-١אאא)s/m30v( o =א،(20 s)
א)s/m40v( =אאאאא

אאK

٣-٢א(40 m/s)א،אאא
אא(-2 m/s2)KW

-אאאאK
-אאאאאאאK

٣-٣(80 kg)אא،(6 km/h)،W

-אאאאK 
-אאא(4 s)K

٣-٤(100 kg)،אאF٣-٩E،،
אא(g = 9.8 m/s2)KאאאאW

-אאאא(3 m/s2)א،F٣-٩KE

-אאא(3 m/s)K

-אאאא(3 m/s2)א،F٣-٩KE


אF٣-٩EאF٣-٩E
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٣-٥(16 kg)א،
(40 N)،אא(4 m/s2)K

-אאאאא،א؟K
-אאאאK

٣-٦ (15 kg) אא،(35°)א
אF٣-١٠Eאא،א(50 N)،K

-אאK
-؟אK

אFsfkfKE


אF٣-١٠Eא،F٣-٦E

٣-٧אא)x(אא
)t(W

2tt102x ++=  

)x(،)tx(،אW

١-אאא)t(∆א)s3t( 2 =)s1t( 1 =K
٢-אאאא)s3t( 2 =،)s1t( 1 =K
٣-אאאא)s3t( 2 =،)s1t( 1 =K
٤-אאאא)s2t( =K
٥-אאאא)s2t( =K
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٤-١אIntroductionW
אאאאאאא

،אאאאconservation of energyא
אא،אא،אא

אenergy neither be created nor destroyed،
אאא،K

אאאאאא
אאא،،אאאK

،אאאאאא
אא،אאאאאא

אאאאא،אא
אאK

אאconservation of momentum
אאאאאאאאאK

אאאא،אאא
אאאא،אא،

אאFE،אאW
١-אאK
٢-אא،אאאא،

אK 
٣-אאK 
٤-אאאאK
٥-אאK
٦-אאK

٧-אאא،
אאאאאK

٨-אאאאK
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٤-٢אWorkW
אא)F(

r(m)،אאא)s( r
W،אאא

)F(
r)s( rאאאא،א

א،אאאאא
،אאאאא،אאאאאא

אF٤-١KE


אF٤-١Eאאאא

FsEWאאאאאא

sFW

)cos(sFW

s.FW

=

=

=

r

r

rrr

θ          (4-1) 

،אאאcos (0)אא،אא
א)F(

r)s( rא،F٤-٢E


אF٤-٢Eאאא)F(

r
 )s(

r
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אF cos (θ)אא)F( x

rא
אא،(4-1)אאאW

)cos(sF)cos(FsW θθ ==
r

        (4-2) 

אא)F(
rאא،)s( rK

אאא(SI)אJouleאא،(CGS)
אergeK

אJouleWאאאא(1N)אא،
(1 m)،W

1 J = (1 N)(1 m)
אאאא

א،electron voltאאאא،W
אאאא

אא،W

J106.1
)volt0.1)(C106.1(

)volt0.1)(e(eV1

19

19

−

−

×=

×=

=

 

אאאאאאאאאאW

F٤-١EExample

(15 kg)א(5.7 m)א
אFθE،אאאא(h = 2.5 m)א،

F٤-٣E،W

١-אאאאK

٢-אאאאא)F(
rK

٣-אאאאאא(θ)؟K

אSolutionW
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אF٤-٣Eא،٤-١

١-אאא)F(
rאאא،א

אא)gm( r)singm( θrK

N65
m7.5
m5.2

s
m8.9)kg15(

26
)438.0(sin

438.0
7.5
5.2

s
hsin

s
hmgsinmgF

2

1

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠
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⎜
⎝
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⎪
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⎧

=
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⎟
⎠
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⎜
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o

θ

θ

θ
 

٢-)cos(FsW θ=
אא(θ)אאאא)s( rא)F(

rאK
WF = (65 N)(5.7 m) cos(θ) = 368 J 

٣-אא(θ)אאאאאsin (θ)
،א)F(

rאאsin (θ)א،א
K

٤-٣אאKinetic EnergyW
א،אאאא

אאאאאאא
א،אאWאאאאא
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،אאאא
،אא،אא

אF٤-٢KE


אF٤-٤Eאאאא

א)F(
rאא(m)،אאא)s( r

אא)W(
r،אא)v( o

r
אאא)(vrאאאא)s( r،

אאא،אאאאאא
אאאK

אאא)amF( rr
=א،)d.FW(

rrr
=

-א)F(
rאא)s( rאאא-

אאא،אאאאW
s)am(W rrr

=           (4-3) 

FarEאא(m)אאאא،
-אא-אאW

as2vv 2
o

2 +=           (4-4) 

אא(4-4)אא(m)אא،K
mas2)vv(m 2

o
2 =−  

אאF٢EW
mas)vv(m)2/1( 2

o
2 =−  
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אאW
masvm)2/1(vm)2/1( 2

o
2 =−        (4-5) 

אא(4-5)אW
2

f vm)2/1(K =Wאאאfinal kinetic energyK
2
oo vm)2/1(K =Wאאאאinitial kinetic energyK

אאW

(mas)Wא(Fs)אא،אאWא
אאאאאW

2vm)2/1(K =          (4-6) 

א،אא
אאאK

אאאאאאאW
WKK of =−           (4-7) 

אאאא،אאא)s( rא
א)F(

rKאא-אאwork-kinetic energy theorem،
אאאאאאW

of KWK −=           (4-8) 

אאאאאא
אא،אK

אאאאW

F٤-٢EExample

אאאאאא)J107.6( 19−×K

א،א)kg1011.9( 31−×K



א١٠١ אאא 

אLLאאאאאאאא 

 

- ٩٤ - 

אSolutionW

)s/m(102.1v

)kg1011.9(
)J107.6)(2(
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K2v
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٤-٤אאGravitational Potential EnergyW
אא،אא

א،אאF٤-٣Eא،א
אאא؟אאאF٤-٥KE


אF٤-٥Eאאאאא

))yא٤E-F٥אא(m)אאא o
)y(אאFאאEאאאאא
)y( o)y(אאאא)y(∆،W

ymgUU of ∆=−          (4-9) 

אא(4-9)W
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ygmU f =Wאאאfinal potential energyK

oo ygmU =Wאאאאinitial potential energyK

אא(4-9)W

mg ∆yWאאאאא)y(∆K)y(∆،א
אאK

אF٤-٥Eאאאא(y)א
אאאאאאאאאאא

אאgravitational potential energyאK

אWאאאאא)y(∆א
אאא،אאא

Kאאא

٤-٥אPowerW
אאאא،אא

אאאאKאאאא
)W(א،)W(∆א)t(∆

אforce average powerאאW

אW

t
WP
∆
∆

=           (4-10) 

אאinstantaneous powerא،W

t
WlimP 0t ∆

∆
∆ →=  

W

dt
dWP =           (4-11) 
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אאאאאאאW

)cos(Fv
dt
dx)cos(FP

θ

θ

=

=
         (4-12) 

אאא(SI)א(Watt)א
אאK

s
J1W1Watt1 ==  

אאאhorse powerא
אW

1 horse power = 1 hp = 746 W 

א،אאאאאאא
א)F(

rאא)v( rאאא،א
אאK

אאאא،אאאW

F٤-٣EExample

א(102 kg)אאא(53 m/s)،
אא(2 m/s2)KW

١-אאאK

٢-אאאאאאK

٣-אאאאK

٤-אאאאא،אא(t = 120 s)K

٥-אאאא(4 m/s2)K

אSolutionW

١-אא،אאW
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as2v
N204)s/m2)(kg102(

amF

2
o

2

=

−=−=

=
rr

 

٢- 

m2.702
)s/m(22

)s/m53(
a2

vs 2

22
o =

×
==  

٣-אאW

J1033.14
)m2.702)(N204(FdW

4×=

−==
 

٤-  

W2.1194
)s30(
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t

Wp
4

=

×
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N
)s/m.)(m(maF

816
04204 2
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،אאאאFאאKE

٤-٦אConservation of EnergyW
א،א،،א

אmechanical energyאאkinetic energyא
אאאgravitational potengal energyאאא،thermal energy،

אאchemical energyאא،optical energyאא،atomic energy
،אאאא،אא

אאKאא
אK

אא،אאF٤-٢E
F٤-٣E،،א،אאא
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א(K)אאאא،א
(m)FvrEאW

2vm)2/1(K =          (4-13) 

אא(U)אאאאא
،אאא(m)(h)א

אW
hgmU =           (4-14) 

)g( rאאgravitational accelerationK

אאspringא،(x)א
equilibrium positionאא،W

2xk)2/1(U =          (4-15) 

(k)،،אאHock’s low
אאW

xkF −=
r

          (4-16) 

אאאאאא(x)Kאא
)x/Fk(

r
−=،אאאאאא

אאW(N.m-1)K

،אאאאא،אא
אאW

hgmvm)2/1(E 2 +=         (4-17) 
22 xk)2/1(vm)2/1(E +=         (4-18) 

،אאאאאא
W

UKE +=       FאאE  (4-19) 
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אא(4-19)אאאא
،،

،אאאאW

+=+= therEUK0 ∆∆∆  FאאE     (4-20) 

W

of

of

UUU

KKK

−=

−=

∆

∆
 

אאאאאאאאא
אא،אK

אאאאאא
(4-20)אW

W...EUK ther =+++ ∆∆         (4-21) 

אא،אא
אאאW

١-אאאאK

٢-אאאאאאאא
אאאא،אא

אmass-energyאא،W
2mcE =           (4-22) 

(E)،א(m)،א(c)אspeed of lightK

٣-אאquantized،א،
אא)E( xא)E( yאא

אW
hfEE yx =−           (4-23) 
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(h)Planck’s constantW

s.eV1014.4
s.J1063.6h

15

34

−

−

×=

×=
 

(f)אאאאא،K

،אאאאאא
אאW

F٤-٤EExample

(m)א(h)،אא
(v)،אאF٤-٦KE

١-אאאאאK

٢-אאאאK


אF٤-٦Eא،F٤-٤E

אSolutionW
،אאאאאא

W
١-אאWאא،אאא

،אאאאאאW
0hgmKU +=+

r  
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٢-אאWא،אאאא
א،אאW

2
omv)2/1(0KU +=+  

אFאאEא،
אK

0mghmv)2/1(0 2
o +=+  

א(v1)אאאW
hg2vo
r

=  

אא،אאאאאא
אא،אW

ax2vv 2
o

2 +=  

W

vWאאאאK

ovW،אאא(x = h)Fga rr
=EW

hg2v

hg2v0

o

2
o
r

r

=

−=
 

אאא،אאאאא
אא،אאאא،א

אK

F٤-٥EExample

(4 kg)א
א(300 m/s)K

١-אאK

٢-אאאאK
٣-א،אאא(25 s)،

אאאאK
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אSolutionW
١-،אאאאא

אא،אאW

)s/m(8.9ga
gmamF

2−=−=

−==
rr

rrr

 

אאאאאאK
٢-אאW

tgvv
tavv

o

o
rrr

rrr

−=
+=

 

אאא،،אאW

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

 

אאאא(25 s)K

)s/m8.9(2
)s/m300()s/m55(

g2
vvh

2

22

2
o

2

−
−

=

−
=

 

)J(173950
)m5.4437)(s/m8.9)(kg4(U

)m(5.4437h
2

=
=

=

 

אא(h)אאW
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)m(5.4437h
)s25()s/m8.9()2/1()s25()s/m300(

tg)2/1(tvhy
22

2
o

=
−=

−==

 

אאאאאK
٤-٧אMomentumW

אאאא)v( r
(m)אאא،،

אאW
vmP rr

=           (4-24) 
)P(

rאmomentumא،،אאאא
אאאאאאW

am
dt
vdm

vm
dt
d

dt
PdF

r
r

r
r

r

==

==∑ )(
         (4-25) 

W)adt/vd( rr
=K

אאאא)F(
r

(t)אאאW

t
m
Fvv

atvv
m
Fa

amF

o

o

+=

+=

=

=
r

r

rr

 

אW
Ftmvvm o =−          (4-26) 

אאאא)mvvm( o−א،אא،W
tFP =∆

r
          (4-27) 

אא،אא
)tF(

r
א

،אאאא)(Fא
אא(t)K
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F٤-٦EExample
א)(Fא(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

−=

×−
=

×=

−=
−=−=∆=

 

אאאK
א(4-27)אאא،אK

cmvmP rr
=           (4-28) 

(m)،א)v( cm
rאcenter of mass velocity

אאאאK
٤-٨אConservation of MomentumW

א،אאאאא
אconservative،

،،FEא،א
אאW

∑ = 0Fext

r
          (4-29) 



0
td
vdm

td
)vm(d

td
Pd

==

=

r

rr

 

א،אאאW
ttanconsP =

r
          (4-30) 

אאאאW
of PP0P −==∆  
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W
of PP =           (4-31) 

)P( o،אאא)P( fאאK
F7-٤EExample

(75 kg)،(39 kg)(2.3 m/s)אא،
אאא،K

אSolutionW
אאW

אFאWE
cm

אWmm 
אאאאWov 

אאWcv 
אW

[ ]

s/m7.6
)kg39(

)s/m3.2()kg39()kg75(
m

v)mm(vv

vmv)mm(

c

ocm
c

ccocm

=

+
=

+
==

=+
r

 

אאאW

)s/m4.4(
)s/m3.2()s/m7.6(vvv o

=
−=−=∆
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א
Summary                                                                      

• אWאא)F(
rאא)s( rא

אאאW 
S.FW
rr

=  

א،אאאא
אאאא،(1 N)א(1 m)

אK
• אאאWאאאאW 

WKK of =−  

אאאאאאא
،אW

אאאW2
f vm

2
1K =

אאאאW2
oo mv

2
1K =

• אאאWאאאאW 
WUU of =−  

W
אאאWhgmU f = 

אאאאWoo hgmU =
א)h( o)h(אא

אK
• אWאאאאאא

א،W 
E = K + U 

  W  א    א  א  א
،אW

∆K + ∆U FאאE  =0 



א١٠١ אאא 

אLLאאאאאאאא 

 

- ١٠٧ - 

אאאאאK 
• אWאאאא

W 
vmP rr

=  
• א   Wא א   א א    

אא،א
W 

∑ = 0Fext  

،אאW

ofof PP0PP
0P

.constP

=⇒=−
=
=

∆

r
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אאאאאאאF١E

אא 
א

א 
אSI 

אforce F NewtonN 

אאdisplacoments F٢E  meter m 

אwork W Joule J 

אweight W Joule J 

א
א

kinetic 
energy 

K Joule J 

אאpotential 
energy U Joule J 

א
אא

initial 
velocity ov  m/sec m/s 

אאfinal velocity v m/sec m/s 

אacceleration a m/sec2 m/s2 

אpower P Watt W 

אאtotal energy E Joule J 

Planek’s 
const h Joule.sec J.s 

אmomentum P kg m/sec kg 
m/s 

א mass m kilogram kg 

                                                 
F١EאאאאאאK 

F٢E(x)אאאאא(d)א،(s)אאK
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אאא
Self Test Exams  


אאאאאאאא،

אאאאא،K

אאאאW
(m))m2l( =אא

(A)،א١٩٦אאאא،(30°)،אא
א(A)K

١-אא(B)K

٢-אא(C)K

אאאאW
١-אאאא(102 g)א

،אK

٢-אאאאאאאאא
(1 kW)K

אאאאW
אא،אאאא(4.3×1014 Hz)K

אאאאאW
אא)m(אא،א

)m90(K

١-אאאK
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٢-אאאאFאאא
א،)s/m8.9g( 2=KE

W،אאאאאא
אאאאאאאאFEK
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אאא
Unit Four Exercises & Problems  



٤-١אאא(50 kg)(10 m)،
אאאא(0.5)K

٤-٢(10 m)א(15°)אאK
אאאאאאאא(20 kg)K

٤-٣)kg103( 4×(30 min)א(200 m)(3000 

m)K
١-אאאאאאK
٢-אאאאאאאK

٤-٤ א   ، א     (2.9×105 kg)  ،
(11.2 km/s)K؟אא

٤-٥(200 g) א (20 m/s)א א
א(0.3 cm)א،אאאאא

K
١-אאאאK
٢-אאאאאK

٤-٦אאאאאW

m
PK
2

2

=  

٤-٧(20 g)(50 m/s)א،(7 kg)
אK

١-אאאK
٢-אאאאאא

(1.5 cm)אK
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٤-٨אF٤-٧E،אא،א
אאאK


אF٤-٧Eא،F٤-٨E

١-א؟אאאK
٢-אא)m( 1)m( 2אאאא،

א(h)K
٤-٩אא(20 m)،אאF٤-٨KE

١-אאאאאK
٢-אאאאאאK


אF٤-٨EאF٤-٩E
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א
Optional Problems 

 

٤-١ )kg103( 4−×،אא، 
אאאאא(37°)אK

١-אאאK
٢-אאאK

٤-٢א)s/m102.1( 7×
אא)N105.4( 16−×אא(30 mm)א،

אאאא،א)mg101.9m( 31
e

−×=K
٤-٣   (2 kg) א (20 m) א   א ،א

א،אאא(8 m/s)K
٤-٤(25 kg)א(25°)א،א

אאא(209 N)Kאאא(1.5 m)K
١-אאאאFאE؟K
אאאא؟-٢
אאאאאאאאא؟-٣
אאאאא؟-٤
٤-٥א(27 kg)א(9.2 m)

 א  (32°)אא Kא אא א א אא
א(0.20)،אאF٤-٩KE
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אF٤-٩EאאF٤-٥E

٤-٦(50 kg)(6.0 m)א(30°)א
אאאא،(0.20)א،W

١-אאאאאK

٢-אא،אאאאא
٤KE-F١٠אאא؟


אF٤-١٠Eאא،F٤-٦E

٤-٧  )kg7.3m( 1 = א א   א    (30°)
kg) 2.3  (m2 =،אאF٤-١١KE
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אF٤-١١Eאא،F٤-٧E

١-אא)m( 1)m( 2K

٢-אא)m( 2K

٣-אאאK
٤-٨(8 kg)(2 m/s)K

אאאא ،א
 א    א(16 J)א א      

אאאK
١-אאאK
٢-אאאK





 

 





אא 

 

אאאאאא 

אאא
אאאאא 

אאאא 




א



א



٥
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٥-١אIntroductionW
אאאelectrostaticsאאfundamentals 

conceptsאא،אאelectric chargeא،
אconservation of electric chargeאא،אא،permitivivty

אא،אאאCoulomb’s lawא
אelectrostatic forceאא،conductorsאא،insulators

אא،אelectrostatic fieldאא،electrostatic potentialK
אאא

אאא،אא
אאKאattractionאrepulsion

אאא،אאnegative charges
positive charges،،אא

אK
אאאא،אאא

אאאא،אא،
אאFE،אאW

١-אא،א
Wא،אאאא،אK
٢-א،אאאאא

אאK 
٣-אאאWאא،א،אK 
٤-،אאא

אK
٥-،אאאא
אאאK
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٥-٢אאThe Electric ChargeW
אאelectric neutral،א

،אאאא،
אאאאאא

אא،א
imbalance،K

אאKאאא
אאאאאאW

١-אאWאאLike charges repel each otherK
٢-אאWאאUnlike charges attract each otherK

אאאאatomic structure of matterאאא
nucleusאאאאאelectronאאא

אאאאאא،
elementary charge،א،אא

אאאא،א(e)،א
W

C1060.1e 19−×=  

(C)אאא،אאא
،אאאא1025.6(א( 18×،

אW
kg101.9m 31

e
−×=  

אאאאא
continuous fluid،אא،אא

،אאאאאאאאא
Wא،אאא

q = n e, (n = ± 1, ± 2, …)        (5-1) 
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אאא(e)،אאאא
charge is quantizedK

אאאאאאאא،
אprotonא،אא

א،אאneutronאא
،،אא

אF٥-١KE



אMass (m) אCharge (e)אSymbol אParticle 
1 -1 e electron

1836.15 +1 p proton 
1838.68 0 n neutron 

אF٥-١Eאא
אא

אאאאאאא،אאא
אW

١-אאאFאEconductorsWאאאאאאא
free electronsאאroom temperature،אא،

אironא،cooperא،aluminumK
٢-אאאnon conductors or insulatorsWאאא

،אאאFאEאא
،אאwoodא،rubberא،plasticא،glassK
٣-אאאFאEsemi conductorsWאאאא

،אא،אאאאאא
،אאאא

אא،אאאאאgermanium
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אsiliconא،אאאא
אאאאאאאאK

٥-٣Coulomb's LawW
אאCoulomb Charles Augustusא١٧٩٥אא

אאאא،אאאאא
אאCoulomb’s torsion balanceא،אאא

אאא-אאאא
-،אאאאאאF٥-١KE

אאאא)q( 1
אאאאאא

،אאאאאאאאא
אKאאאאאvacuumW

١-אא(F)אא)q,q( 12
point chargesאאK

F∝ q
1
 q

2
          (5-2) 

٢-א א(F) אא )r( 2،
W

F∝ 2r
1            (5-3) 
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אF٥-١Eאאאא،

א(5-2)(5-3)،W

2
21

r
qqF ∝           (5-4) 

א،אW

2
21

r
qqkF =  

(k)אא،אאאא،
א،אאאא،אאא

אאאא(SI)אאא،W

q
1
 = q

2
 = 1C 

  r = 1 m 

אאrepulsion forceW

F = 9 × 109 N 

א(5-5)אאW
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229
2

29
21

2

109
1

1109 −×=
×

=

=

C.m.N
C

)m)(N(
qq

Frk
 

אא،(5-5)אאW

r̂
r
qq

109F 2
219×=  

א)r̂(אא(F)،א
א(k)אאW

o4
1k
πε

=  

(εo)אאאאpermittivity of vacuumאא،
אאW

22112
9o C.m.N1085.8

)109(4
1

k4
1 −−−×=

×
==

ππ
ε  

אאא(5-5)אאW

2
21

o r
qq

4
1F
επ

=  

אאאאאאW

2
21

r
qqkF =       FE  (5-5) 

אאאאאא
אא،אאאאrelative permittivityא

אW

==
o

r ε
εε         (5-6) 

א(5-6)(εr)K
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אא،אאא
אKאאא،F٥-٢KE


אF٥-٢Eאאאא

אאאאאאא
אאאאאא،אKא

אא،אאא
אא،K

אאאW
١-אאK
٢-אאK

א،אF٥-١KE

F٥-١EExample
א(ABC)א،F٥-٣E،

(-10 × 10-6 C)،(+4 × 10-6 C)،(+2 × 10-6 C)אאא،אא
אאא(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

=
×

×+×+
×=

−=
×

×+×−
×=

−

−−

−

−−

 

אא)F( BAא،אאF٥-٣E،
א)F( BCאאאK

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

=
=

=

=

∑

∑
=

=∑+∑=

=∑

=−=−=∑

==

==

−θ

θ  
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אF٥-١Eאאא(x, y)אאאא
אא،אאא،א
אאאאאאאא،א

אאא،אK

F٥-٢EExample
אאא(2 e)אא،(10 e)אא،

אא(3 nm)KאאאK

אSolutionW

א،אאאאW

( )
( ) ( )

( )
N1012.5

m103
C106.110C106.12

1085.84
1F

C.m.N1085.8

)C106.1(10e10q

)C106.1(2e2q
m103nm3r

r
qq

4
1F

10
29

1919

12

22112
o

19
2

19
1

9

2
21

o

−

−

−−

−

−−−

−

−

−

×=
×

××
×

=

×=

×==

×==

×==

=

π

ε

πε

 

א،אK

Wאאאא)CmN109k( 229 −×=،
אK

٥-٤אאThe Electric FieldW
אאאאvectors field

אאא،אאא
א)q( otest chargeא(q)،

אא)F(
rאאא)q( oא،אא

אאא(q)א)q( oאא،א
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אאאא)q( oאאא،
אאאאאאא

אאא،אאW

oq
FE
r

r
=       FאאE  (5-7) 

)E(
rאא،אא)q/F( o

rא
אא)F(

rאא،(SI)(N/C)K

אאאאא
،אאאא،א

א(q)א،F٥-٤E،אאא)q( oW
r̂

r
qq

4
1F 2

0

0πε
=  


אF٥-٤E

אא(q
o
)אאא(q)

(r)אאאא،אW
r̂

r
q

4
1

q
FE 2

0o πε
==

r
r

         (5-8) 

אאאאKא)r̂(
אא)E(

rא)F(
rK

אא)E(
rאאאאF١E،

אF٥-٢Eא)E(
rאKא

،אאאאאF٥-٥EF٥-٦KE

                                                 
F١EאF٦-٢EאאאK 
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אF٥-٢EאאFE
rEאא

٥-٥אאאThe Electric Field Due To A Point ChargeW
אא)E(

rאא(q)،
א(r)W

r̂
r
q

4
1E 2

0πε
=

r
 

אא (N/C)אאElectric Field 

3 × 1021 אאא at the surface of uranium nuclus 

5 × 1011 אאא within a hydrogen atom, at the electron orbit 

3 × 106 אאאא electric breakdown occurs in air 

103 אא at the charged drum of a photocopier 

103 אא the electron beam accelerator in a TV set 

103  near a charged plastic comb 

102 אאא in the lower atmosphere 

102 אאאא inside the copper wire of household circuits 


אF٥-٥Eאאא

،א
אא


אF٥-٦Eאאא

،א
אאא
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אאאאאאW

2r
qkE =     FאאE   (5-9) 

)r̂(אunit vectorאאאאאא
אאאא،)E(

rאאאא
،אאF٥-٥E،אאאאF٥-٦KE

F٥-٣EExample

אradiusאאא)r()fm8.6(אא
אאאKאאאאK

אSolutionW

אאא(5-10)W

C/N109.2E
)m108.6(

)C106.1)(92()C.m.N109(

r
eZk

r
eZ

4
1E

21

215

19
229

22
0

×=

×
×

×=

==

−

−
−

επ

 

)Z(אאאאאK

٥-٦אאThe Electric PotentialW
אא،א،א

אאאא،אW
אאא؟-١
٢-אאא؟אא
٣-א؟אאאא

אאF٥-٧KE
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אF٥-٧Eאא(q

o
)

אאאאtest charge)q( oא(A)א(B)
אאא(+q)אאא،

אאאelectric potential energyאאאאא،
אאאא(A)א(B)אאא

אאpotential differenceKאאא
אW

Uq)VV(W
q

W
VVV

oABBA

o

BA
ABBA

∆=−=

=−=

→

→

        (5-10) 

W

BAW →Wאאאאא(F)א(qo)(A)(B)K

VBWאאאBK

VAWאאאAK

∆UWאאא)q( oK

אאאא)q( o ،אא
אF٥-٨Eא(F)אא)qE(אא

،אאW
UW BA ∆−=− → 

אאא،אא
אא،א)q( o אB)qV( oBK

א)VV( AB −אאאאא
אאאW
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o

AB

o
AB q

UU
q
UVV −

==−
∆  

אאאאאאא
א(q)אא)q( oאאW

r
qq

4
1r

r
qq

4
1
r.FW

o

o
2
o

o πεπε
==

=
 

(r)אאא(A)(B)،(F)אא
אאאK

אאWאאאאא?
?אאאאKא(J/C)

א(V)K

F٥-٤EExample

א(4 × 10-6 C)א(3V)א
F٥-٨E،W

١-אאאK

٢-אאאא(8V)K

٣-אאאאא(A)א(B)K


אF٥-٨Eא،F٥-٤E

אSolutionW
١-אאW

U = q V 
 = (4 × 10-6 C)(3V) = 12 × 10-6 J 

٢-אאא(A)(B)K
W = q(VB - VA) 
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 = (4 × 10-6 C)(8V - 3V) = 20 × 10-6 J 
٣-אאאW

∆U = UB - UA = 20 × 10-6 J 
WאאF٢٣E؟

אאאאאאא(q)
א)q( oאא(r)אא(q)אאא،

،W

r
q

4
1

q
r

qq
4

1

q
WV

r
qq

4
1r

r
qq

4
1FrW

oo

o

o

o

o

o
2
o

o

πε
πε

πεπε

===

===

 

r
q

4
1V

oπε
=  

אאאאאאW

r
qkV =      FאאE  (5-11) 

אאאאא(r)א(q)،
אK

F٥-٥EExample

אאאאpoint chargeאא،F٥-١٠E(1 µC)،
א(A)(2 m)א،(B)(1 m)K

١-א)VV( BA −אF٥-١٠KE

٢-א)VV( BA −אF٥-٩KE
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אF٥-٩Eא،F٥-٥E

אSolutionW
١- 

( )( )
V4500

m1
1

m2
1C101CmN109

r
1

r
1qk

r
qk

r
qkVV

6229

BA

BA
BA

−=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−××=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=

−=−
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V4500VV BA −=−  

٥-٧אאCapacitanceW
אאאאא،

،אאאcapacitorKא
capacitanceאאאא
،אאא،אאא

אאאאK،
אא،
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אאאאאאא
(V)Kאא(q) storage chargeאא

،W
q ∝ V 

א?אא?(C)،אא
אאF١E،אאאW

q = CV           (5-12) 
،אאאאאאF٥-١٠،KE

אאאא(SI)،אאFaradW
1 Farad = 1 Coulomb/1 Volt 
 1 F = 1 C/1 V 

אאאאאאאא
א،אאאא،א،K

א،אאאאאא
א)E(

rאאGaus's lowא
אאאאאW

∫ = qAd.E0

rr
ε           (5-13) 

(q)אאא،אאאא
،א(dA)אאאאא(A)א،)Ad(

r
،א،אאאאא

א)E(
rא)Ad(

r،אאK
)F(

r(εo))E(
r(dA)،אאא)E(

r)Ad(
r

אא،(5-14)אאאW
qAE =

r
0ε           (5-14) 

אאא(dA)אא(A)،
א(V)אאאאאאW

                                                 
F١Eאא،אא،אאK 
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EdV =           (5-15) 


אF٥-١٠E

-אאאא،אא(A)
(d)א،(V)،

אאאא(+q)(-q)K
-אאFE

rE
א(fringes)א،

אא(d)(A) 

א،א(5-12)،(5-14)،(5-15)W
EdCAEo =ε  

d
AC oε=           (5-16) 

אאאאאאא
א(5-16)אאW

d
AC roεε=        FאE  (5-17) 

(εr)אאאאאא
،א،אK
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٥-٨אאאCapacitors in ParallelW
אא،אאאאא

אאin parallelאאin series،
אאאאאא،אא

אאאאאא،אאא
،אאאF٥-٥،E،א)C,C,C( 321

א(V)،W
VVVV 321 ===  

אא(q)W
321 qqqq ++=  


אF٥-١١،E

-)C,C,C( 321אאconnected in parallel،
אא(B)א(V)K

-א)C( eqאאאא
אאא)qqq( 321 ++K

F٥-١٠E،אאאא،
W



א١٠١ אא 

אLLאאאאאאאא 

 

 - ١٣٥ - 

)CCC(VVCVCVCqqqq
VCq,VCq,VCq

321321321

332211

++=++=++=
===

 

אW

∑
=

=+++===
n

1i
i321eq ...C...CCC

V
qCC       (5-19) 

(n)אאאאK

אאאאF٥-١١E(C)W
321 CCCC ++=  

٥-٩אאאCapacitors in seriesW
אאאin seriesאא،

אאא،אאאאאאא
٥،KE-F١٢אאא،אאא،א


אF٥-١٢،E

-)C,C,C( 321אאconnected in series،
אא(B)א(V)K

-אא)C( eqא(V)אא
אא)VVV( 321 ++אא

אFEאאK
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אF٥-١٢E،א
א،אאאאא

،אא،אא)V,V,V( 321،א
،אאW

3
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2
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1
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C
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qV
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q
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321eq C
1

C
1

C
1

C
1

++=          (5-20) 

אW

∑
−

=
n

1i ieq C
1

C
1           (5-21) 

(n)אאאאאאK

٥-١٠אאאStorage Energy In A Charged CapacitorW
אאא(q)אא(V)א

א،אאאאא)0V( =
א0(אq( =אא)VV( =א
אאאא(q)،אאאW

V
2
1

2
0VV =

+
=          (5-22) 
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(V)אאK

אאאא(q)א)V(W

qV
2
1V

2
1qW =⎟

⎠
⎞

⎜
⎝
⎛=          (5-23) 

אאאא
אא،אW

2
2

CV
2
1

C2
qqV

2
1WU ====        (5-24) 

(5-24)אאאאא
אאאK

F٥-٦EExample

)PF200C( 1 =،)PF600C( 2 = ،אא
א(120 volt)K

١-אאK

٢-אאK

אSolutionW
١- 
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F٥-٧EExample

)PF3C( 1 =،)PF6C( 2 =،אא
אא(V = 10 volt)K

١-אאK
٢-אאאאK
٣-אK

אSolutionW
١- 
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Summary 

 
• Wאאאאאאאא

א،،W 

2
21

2
21

o r
qqk

r
qq

4
1)N(F ==
επ

 

• אWאאאאאאאא
אאא،(9 × 109 N)Kא

אאאאK 

• אאאW،אא
אא،אאא

א،W 
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qk
r
q

4
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r
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r
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4
1

q
W)volt(V
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= →∞
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FE،אאW 

V
q)farad(C = 

אא،אאאא
אאW

d
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Wאאאאאא
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C
1

C
1

C
1

21eq

++=

אאאאאאW
Ceq = C1 + C2 + ... 

אאאאאאאW

qV
2
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אאא
Self Test Exam 


אאאאאאאא،

אא،אאאK

אאאאW
אF٥-١٣،،Eא،(a)(2 cm)

אא(30°) (θ)،אאא(3.0 × 10-6 C)א
אKאא)F( 1אא)q( 1אאK


אF٥-١٣،،E
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אאאאW
אF٥-١٤Eאאא،א)p(K


אF٥-١٤Eאאאא

אאאאW
אF٥-١٥Eאאאא،)p(،

אK


אF٥-١٥Eאאאא

אאאאאW
capacitorאא،אא)m101d( 3−×=א،

)F106C( 6−×=K

)V(אא،
)C106q( 6−×=،W

١-אאאא)V(K

٢-אאאאא)E(K

٣-אאאא)C105.0( 6−×אא
אאK

אאאאW
אF٥-١٦E)Cn10q( 1 =)Cn20q( 2 −=

)Cn20q( 3 −=אא،)cm30a( =K



א١٠١ אא 

אLLאאאאאאאא 

 

 - ١٤٣ - 

אאאאא)q( 1K


אF٥-١٦Eאאאא

Wאאאאאא
،אאאאאאאאFEK
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אא
Unit Five Exercises & Problems 

 
٥-١אא(2 µ C)אא(-3 µ C) אא،(30 

cm) Kא אאאאא K
؟א؟

٥-٢אאא(18 e) Kאאא
אא(1 nm)Kא؟؟

٥-٣ א  א  א   )C103( 9−×א  א
)C10120( 9−×      ،(3 nm)א א  ،אא 

אK؟

٥-٤אאאאאא(1 N/C)
א(1 m)؟

٥-٥א)kg105.0( 3−×א)C105( 6−×א،
אאאא)C/N105.0( 5×

)m1010( 2−×W

١-אאאאאאאK

٢-אאאK

٣-אאאאאאK

W؟אא

Wאאאאא
אאאK
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٥-٦אא)C105q( 9
1

−×−=،)C106q( 6
2

−×=،
)C103q( 6

3
−×=א(A)אא)m1010r( 2

1
−×=،)m105r( 2

2
−×=،

)m103r( 2
3

−×=،אאF٥-١٧Eאא،אא(A)K


אF٥-١٧Eא،F٥-٦E

٥-٧אא)C103q( 9
1

−×−=،)C103qqq( 9
432

−×===،
א(A)א)m103r( 2−×=،אאF٥-١٨E،

W

١-אאאא(A)K

٢-אFEאאא(A)א،K

٣-)C109q( 6
5

−×=א(A)אאא،
א)F( 15א)q( 1א،K


אF٥-١٨E
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٥-٨א(202 cm2)אא،
(0.4 cm)K

١-אאאK
٢- א אא   א א  (500 V) Kא א 

אK
٣-אא،אאאאאK
אא(8)Kא(0.4 cm)א-٤

אאאKאאאאאK

٥-٩א(3 µ F)א،אאאא
 א א א א א ،א  א א  א  

(2.8)K

٥-١٠א(60 P F)אאאW
١-א(2 kV)K
٢-אא(3 × 10-8 C)K
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א
Optional Problems 



٥-١אF٥-١٩Eאאא(a)،
אא(Q)אאאא

א(C)אK


אF٥-١٩E

٥-٢אF٥-٢٠E
(5 cm)אא،)C101q( 8−×=אאאא

אאK


אF٥-٢٠E
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אאאא 





א


א



٦



 

 



א١٠١ אא 

אLLאאאאאאאא 

 

- ١٤٨ - 

٦-١אIntroductionW
אאאא)B(

r،אא
א،אאא

א،אאאא
permanent magnet؟

אאאאאאאאאא
אא،אאאאאא

electromagnetאאאאאאאאא
אאאאKאאאאא

אאW
FE  moving charge  ↔↔ B

r FE  moving charge 

אאא،אW
FE  moving charge  ↔↔ B

r FE  moving charge 

אאHans Chrictian Orested،א١٨٢٠
א،

אאאאאK
א،אאאא

אK
אאאא،אאא،

אאא،אאאא
אFE،אאW

١- א   ،א א  א א  
אאאאK

٢-       א א א 
K
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٣-אאא
K 

٤-Jאאא
K

٥-אאאא
אא،K

٦-אא،אאK

٦-٢אאThe Magnetic Field (B)W
אאאאאא)E(

r(q)
אאאא)q( oאא،

)F(
rא)F(

rאאW
EqF
rr

=           (6-1) 

אא)B(
rא،אאא

K

،אאאאא
אא،אאאאKא

אאאאאKאא
אא)B(

rא،אא
אאא)B(

r(q)،)v( r،א)F( B

rא
אאאאאא(q)،W

BvqFB

rrr
×=           (6-2) 

אא)F( B

rאאcross product،)B(
r)v( r،

FqE،אאא،אא
؟(6-2)
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١-אא)F( B

rאאאא)v( r
אא)B(

rא،אאאא
אאא)B(

rא،F٦-١،،E،א
אאא)F( B

rאא،W

אאF١EאאאF٦-١،،Eאא،א
 א א א  )v( rא  א א     ،

 א)B(
r א א  ،)F( B

rא ،א א   א  
א،אF٦-١Eאאא،א،

 F٦-١E،،אאאא א
אK

٢-،אאאאאא
parallel or antiparallelא،F٦-١EW

θsinBqvFB =
r

         (6-3) 

(θ)אאאאאK
٣-אdeflecting forceW

qvBF maxB =
r

          (6-4) 

אא(θ = 90°)K
٤-אא)F( B

rא(q)FvEK

٥-א)F( B

r،אאאאF٦-١،KE

                                                 
F1Eאאא،אאאאאאאאאאK 
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אF٦-١،،E

-(q)(v)
FB

rE،FBF
rEK

-אא(v)(B)K
-א(-q)אFBF

rEא
FKE

אא  )B(
rא א(SI)אtesla،א

(6-6)אאאW

FאאE
qv
FB B=

m.A
N1T1

)meter)(ondsec/Coulomb(
Newton1

)ondsec/meter)(Coulomb(
NewtonT1tesla1

=

=

==

 

W

ondsec
CoulombAmpere = 
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אאאאאאא
אאאא،אאא

אK
אאאGaussאא،

אאGauss meterK
1 T = 104 gauss 

אאא(SI)Kאא
א،אאF٦-١KE

אאאאאא
،אאאאאא

אאK
108 T אאat the surface of a neutron star (calculated) 

1.5 T אan electromagnet 

10-2 T אnear a small bar magnet 

10-4 T אאat the surface of the earth 

10-10 T אאאin intersteller space 

10-14 T אsmallest value in amagnetically shielded room 

אF٦-١Eאאאא

F٦-١EExample
אאא)mT2.1B( =אא،،

אאF٦-٢E،)MeV3.5(א
אאא،אאא،א

)kg1067.1m( 27
p

−×=K

אSolutionW

אא)F( BאW
FB = qv B sin θ 
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אF٦-٢E،

،אאאא

אא،אאW

2
v)kg1067.1()eV103.5(

vm
2
1K

227
6

2
p

−×
=×

=
 

W

N101.6

)90)(sinT102.1)(s/m102.3)(C106.1(F
s/m102.3v

)kg1067.1(
)eV/J106.1)(103.5)(2(v

15

3719
B

7

27

196
2

−

−−

−

−

×=

×××=

×=

⎥
⎦

⎤
⎢
⎣

⎡
×

××
=

 

 

 

٦-٢-١אאMagnetic Field LinesW
،א א    ،   א א   

אאF٦-٣E،אאאא
א(N) north ploeאא(S) south poleK

אאאאאאW
١-אאאאאא)B(

rK
٢-אאאאא،א

אאאאא،אאא
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א،א،אאא
א(θ)،אא)B(

rK
٣-אאאאאK
٤-  ،אא א א  א  א   א א

אאאאא،אאאאא،א
אאK


אF٦-٣Eאא،

אאא(N)
אא(S) 

٦-٣אאא
The Magnetic Force On A Current-carrying WireW

א،אאאאF٦-٤KE
אF٦-٤ E،אא א אא(I) ،(L)،

(A)א،(B)אאא،
אאאאאK
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אF٦-٤Eאאא

 א F٦-٢Eא א)F( B

rא(q)
)v( r،א(6-6)א،אW

BvqFB ×=
r  

אאאאאW
)LA(enq =  

אא(A)(L)،(LA)،
אא(n)،(e)אא،א،אא
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אF٦-٥Eא،F٦-٣E

٦-٤אאאFJE
Biot-Sarart law, Magnetic Field Du To ACurrnetW

א א א   אF - EBiot-Savartא  א
א،א،אאאF٦-٦KE
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٦-٥אאThe Magnetic Field of SolenoidW
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Summary 
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אאאא،אאאא
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אאא
Self Test Exam


אאאאאאאא،

אא،אאאK
אאאאW

א-Biot-Savartאא،(B)א
F٦-١١ E  א(c)א   ،א    א    ،
)R( 1א،)R( 2אאא(ADJHA)א،

אאא(I)K


אF٦-١١E

אאאאW
אא،אאא)m103.5( 11−×

)3.1v10s/m( 6 =×Kאאא
א،אK

Wא)kg1011.9m( 31
e

−×=،)c106.1q( 19−×=K
W،אאאאאא

אאאאאאאאFEK



א١٠١ אא 

אLLאאאאאאאא 

 

- ١٦٩ - 

אא
Unit Six Exercises & Problems 
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אFEAppendix
אאאPhysical Constants

אאאא
אאאabsolute zero temperature K0  C15.273 °−  

אא
אא

acceleration due to 
gravity at sea level 
(Washington d. c.) 

 2s/m801.9  

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

constant in Coulomb’s K 229 kg/m.N10988.8 ×  
אאgravitational constant G 2211 kg/m.N10673.6 −×  
אmass of an electron em  kg10109.9 31−×  

אmass of a proton pm  kg10673.1 27−×  

Planck’s constant h 
s.eV10136.4

Hz/J10626.6
15

34

−

−

×

×  

אspeed of light in a vacuum c )exact(s/m1099792458.2 8×  
אmass of neutron nm  kg1067492.1 27−×  

אאpermittivity of space oε  m/F1085.8 12−×  
אאpermeability constant oµ  A/m.T104 7−×π  

אConversion Factors
١אאatomic mass unit = 227 c/MeV5.931kg10661.1 =× −  
١electronvolt = J10602.1 19−×  
١Joule = m.N1  
١Joule = C.V1  
١coulomb = )unitseargchelementary(10242.6 18 ××
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אFEAppendix

אאאMathematical SignsW
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 :جذرا المعادلة التربيعية •
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אTrigonometryW
 :Definitions of trigonometnc Functionsلمثلثية تعاريف الدوال ا •

אאאinverse functionsWאFθEθsinu =،FuE
usinarc=θ،F-١uEusin 1−=θKאאאאW
ucosarc،utanarcאK
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 :Simple Propertiesخواص بسيطة  •
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 :Properties of a triangleخواص مثلث  •
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sin
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 :Trigonometric functionsالدوال المثلثية  •
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אFEAppendix 
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א١٠١ א

אLLאאאאאא



 

١٠J٥אאאK 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

אאאK 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

אK K K K K K K K K K K K K K K K K K K K١٤٧
אאWאאK K K K K K K K K K K K K K K K١٤٨

١J٦אK K K K K K K K K K K K K K K K K K K K١٤٨
٢J٦אאK K K K K K K K K K K K K K K K K١٤٩

١J٢J٦אאK K K K K K K K K K K١٥٣
٣J٦אאאK K K K K K١٥٤
٤J٦אאאFJEK K١٥٧
٥Jא٦אK K K K K K K K K K K K K١٦٢
٦J٦אאאK 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
אאאK 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
אK 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
אFEאאאאאK K K K K K K K K K K١٧١
אFEא،אא١٠א،א،אK١٧٢
אFEאאאK K K K K K K K K K١٧٦
אFEאאאK 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



 

 















 

 

 

 

 

 

 

 









 

 









































אאאאאא

אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS       
 


