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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●  

 
  المقدمة) ١,١(

אא
،אאאא

אאא،א
،
א،



אאא 

 ٢

،אF١Eא
אאאאאא

א
אאKאאW 

MI<<<<<Ùæù]<áçÞ^ÏÖ]V،
K 

NI<<<<êÞ^{{nÖ]<áçÞ^{{ÏÖ]VאFאE
אאK 

OI<<<<<<oÖ^nÖ]<áçÞ^ÏÖ]Vאא،
אKאאא

א،אאא
אK 

אאאW 
 

 قانون نيوتن الأول، ونظم محاور الإسناد القصوريه) ١,٢(
،אא

אאאאKא
אFLaw of InertiaE
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 )قانونا نيوتن الثاني والثالث(الكتلة والقوه )١,٣(
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(1 8)A BF F= − −

r r
 

אאא،אAm
BmKא

אאא،אאאא
אאאא

אאאאK 
 
 



אאא 
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 كمية التحرك الخطية أو الزخم الخطي) ١,٤(
אאP

rmvr
א،W 

(1 9)P m v≡ −
r r 

אאW 
( )

(1 10)
d P d m v

F
dt dt

= = −
r rr 

אmא،W 

(1 11)
d v

F m m a
dt

= = −
rr r 

אאאאא
א،אאאא

אאFאאKE
אWABאאא، 

, (1 12)A B
AB BA

d P d P
F F

dt dt
= = −

r r
r r 

BAF
rאאאAאB،ABF

r
אאאBאAK 

 

אW 

(1 13)AB BAF F= − −
r r 

אאאאאאW 



 
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(1 14)A Bd P d P
dt dt

= − −
r r

 

אאאאW 

( )
0 (1 15)A Bd P P

dt
+

= −

r r

 

 
(1 16)A BP P c+ = −

r r r 

אF١٦ J١Eאא
cr،אאא

FאאאEK 
 

  الحركة المستقيمة لجسيم بفعل تأثير قوة ثابتة) ١,٥( 
m،א

אKאא،אא
אאאW 

2

2
1

(1 17)
n

net i
i

d rF F m m a
dt=

= = = −∑
rr r r 

War،אm،rrא،netF
r


אאKאאא

،אא
Kאא،

אא،אאאא
אאKאאא
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אאFEא
אאאאKא

אאאא
אאא،אאאK 

 
   المنتظم التسارع،الحركة الخطية) ١,٦(

אא
אאא،

אאאאK
אא

אא(Rectilinear Motion)Kאאאx
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،אאאא
אא(Chain Rule)،אא

אW 
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2( ) (1 29)

2
dv d m dTF x mv v
dx dx dx

⎛ ⎞= = = −⎜ ⎟
⎝ ⎠

 

Tאא21
2

mv،א

אאW 

(1 30)dT Fdx= − 
W 

0 0

(1 31)
T x

T x
dT F dx ′= −∫ ∫ 

0
0 ( ) (1 32)

x

x
T T F x dx W′ ′− = = −∫ 

אWאאא)( 0TT −،א
אאא(Work- Energy Theorem)،

אאאאאW 
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2
mW F dr v v T T= = − = − −∫

r r 

W1v،אאא1Tא
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אEאאK
א)(xVאW 

( )( ) (1 34)dV xF x
dx

= − − 

אאאאאK
אא 

0 0
0 0( ) ( ) ( ) (1 35)

x x

x x
F x dx dV V x V x T T′ ′ = − = − + = − −∫ ∫ 

אאא،א
אK 

אאא
אאKאא

FKE 

0( ) ( ) (1 36)oV x T V x T E+ = + = − 
WEאאאKW 

2( ) ( ) (1 37)
2
mV x v E+ = − 


،א،אאא

،אאאW 
2 [ ( )] (1 38)dxv E V x

dt m
= = ± − − 

אF٣٨ J١Eאא
אאאW 
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x
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dxt t
E V x
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′
− = −

′−
∫ 

אF٣٨ J١EאFE
xא)(xVאEKא

אxאא
( )V x E≤،( )V x E=،אא

אW 
Eאאא

א
אא(Turning Points)K 

Eאאאאאא(Stable 

Equilibrium)K 
Eאאאאא(Unstable 

Equilibrium)K 
Eאאא(Neutral Equilibrium) 

 
<Ù^nÚENI<MD< <

אא0xKא،אא
،א؟ 
אא؛

אW 



 

 ١٥

gm
dx

xdV
−=−

)( 

W 

∫ ∫= dxgmxdV )( 

אWcxgmxV +=)( 
אcאאא،

)(xV،0=cאW0=V0=x،
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אאאFm،
א؟ 

אאF٤٨ J١EאאW 

0 0 0
1( ) ( ) ( )

o o

t t

o
t t

F Fv t v F t dt v dt v t t
m m m

′ ′ ′= + = + = + −∫ ∫ 

W0vאאאא0tt =،
m
Fא

אא،0tt −אאK
אאאאW 

0
0 0 0

( )( )
o

t

t

F t tx x v t t dt
m
′′ − ′′− = − + ∫ 

m
ttF

ttt
m
Fttv

2
)(

)()(
2
0

2

0000
−

+−−−= 



 

 ٢١

W0xאאאא0tt =K 
 

<Ù^nÚERI<MD< <

mאאא
cttF =)(،cא؟א 

אאאW 

tc
dt
dvm = 

W 

0

1

o

v t

v

dv ct dt
m

′ ′ ′=∫ ∫ 

אאאW 
2

0 2
t

m
cvv += 

W0vאאאא0=tKא
אאW 

dtt
m
cvdtvdx ⎟

⎠
⎞

⎜
⎝
⎛ +== 2

0 2
 

אא،אW 

3
00 6

t
m
ctvxx +=− 

W0xאא0=t 
 



אאא 

 ٢٢

   ،القوى المعتمدة على السرعة) ١,١٠(

  والسرعة الحدية
،אאאא
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Kא،אא
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אא0v،
אאvcvF 1)( −=Kאא

אא،אא؟ 
אאא0F،א

אאאאא،א
א؛אא

אאW 

dt
dvmvcvF =−= 1)( 

אא،אאא
אW 
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אאאאא،א
אW 

1 1
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אאterxF(Terminal Positionx
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m
vc

m
vF

dt
dva

2
2)( −

==≡ 

אW 

∫ ∫ ′=
′
′

−
v

v

t
td

v
vd

c
m

0 02
2

 

W 

02
v

mt
c v

ν

=
′

 



 

 ٢٥

אאאW 
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אxא،א
WK 
 

   الحركة الاهتزازية)١,١١(
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FאEאאאאא
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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K 
 

   الحركة التوافقية البسيطة)١,١١,١(
אאאאא)(x،

אאאFאאWא
EKאאאאא 

אW 

cos( ) (1 53)x A tω δ= + − 
WAאא،אאא،δ

אאωאאאKאאאאא
TאאאωW 

22 (1 54)f
T
πω π≡ ≡ − 

Wfא،אאאא
אאאK 

אאא
אאW 

אאאאאW 
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sin( ) (1 55)dxx v A t
dt

ω ω δ= ≡ = − + −& 

אאאאאאאW 
2 cos( ) (1 56)dvx A t

dt
ω ω δ≡ = − + −&& 

אF٥٣ J١E F٥٦ J١Eאאא
W 

2 (1 57)x xω= − −&& 
אאאאא

אאאW 
1)sin( −=+δωt،א

 

max ( 1) (1 58)v A Aω ω= − − = − 
1)cos( −=+δωtא،

W 
2 2

max ( 1) (1 59)a A Aω ω= − − = − 
אאא0=tא0xאא

0v،אאאאאא
0x0vW 

δω sin0 Av −=،δcos0 Ax = 
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אאאאא0vאאא0x،
W 

δω
δ
δω

tan
cos

sin

0

0 −=−=
A

A
x
v 

W 

δcos
0x

A = 

 
אF٢}١KE 

 
אאאF٢}١E،δcosא

אאא،אאW 

22
0

2
0

0

0 ω
ω

xv
x
x

A += 

22
0

2
0

1 ω
ω

xvA += 

W 

( )2
1

22
0

2
0 ωxv +

ω0x

0v−

δ
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2
20
02 (1 60)

v
A x

ω
= + − 

،אאאאW 
١ Jאא،

אאKא1x2xאא،2211 xcxc +
אא،1c2c،אא

אK 
٢ JאאאFאאאא

EאאאאאאK 
٣ Jאאאאא

( ) ( )F xα −K 
٤ Jא،אא،א،א

א،אK 
 

   التوافقيالمذبذب) ١,١١,٢(
אאאא
،אאאא،אא

אאWmאא
kK 

אאאאW 

( ) ( ) (1 61)eF x k x x= − − − 
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אאא( )F xא
אאK 

WexxX −=אאאאex،א
אאא0=FKאא

א،W 

XmxmkXxF &&&& ==−=)( 

0 (1 62)m X kX+ = −&& 
אאאאאW 

0cos( ) (1 63)X A tω δ= + − 
אAδ،אא

m
k

=0ωK،אא

אאא،אאK 
 

تــــأثير القــــوة الثابتــــة الخارجيــــة علــــى الحركــــة  ) ١,١١,٣(

 التوافقية
אאאא،אא

k،،א
אאאאא،mא

אF٣}١EK 
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 
אF٣}١EWk،א،א،
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אאאאאאx،
אאאWmgkXF +−=exxX −=

א،Xאא
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אאאאδאאאא
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δω sin0 00 Ax −==& 



אאא 

 ٣٤
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א،א
אW 
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אאK 
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 
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 
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2-S.Thornton and J. Marion, ”Classical Dynamics”, 4th d., Thomson 
Books, 2004. 

3- Keith Symon, ”Mechanics”, 3rd ed., Addison-Wesley, 1992. 

4- Sears, Zemansky, ”University Physics”,10th ed., Addison-Wesley, 
2000. 
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 الفصل الثاني

 
 

● א ●אאא●א
אאא●אא
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 
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אאW 
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אאאW 

1 2 1 2p p p p′ ′+ = +
r r r r 

W 

( ) ( )1 2 1 2 ......(2 33)T T T T Q′ ′+ − + = − 

QאאאאK
)א 0)Q >אא
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א( 0)Q =אK 
 
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m

= 
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אF٣٥ J٢EאאאQ(Q-Value)
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 
  الارتداد معامل) ٢,٧(

אא
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1iF
r2iF
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rאF٣٧ J٢EW 
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r
&2r

r
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2 21 1 ....(2 48)
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T MV µυ= + − 
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rr
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rr
&K 
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 الفصل الثالث
 
 

אאא 
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אאאKαrאאא

אאK 



אאא 

 ٦٦

  صلب لجسم الكتلة مركز) ٣,٢( 
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W 
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vאאK 



אאא 

 ٦٧

אא
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  الذاتي القصور عزم - ثابت
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sin
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0 .....(3 8)

i i i
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r r r 
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אאאθ 
אאאω θ= & 
אאאα θ= && 

אIτ α= 
אאא2

i iI m r= ∑ 
א( )U dθ τ θ= −∫ 

אא21
2

T Iω= 

אאאL Iω= 

אx 
אאxν = & 
אאa x= && 

אF ma= 
אm 

א( )U x Fdx= −∫ 

אא21
2

T mν= 

אאP mν= 
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אאא
אאאF٣ J٢EאW 

 
אF٣ J٢EאאאאאאK 

אא אאא 

2

2 2

1 ( )
2

1
2

2 ( )

o o

o

o o

o o

x x v v t

v v at

x x v t at

v v a x x

= + +

= +

= + +

= + −

 

 

2

2 2

1 ( )
2

1
2

2 ( )

o o

o

o o

o o

t

t t

θ θ ω ω

ω ω α

θ θ ω α

ω ω α θ θ

= + +

= +

= + +

= + −

 

 
  الذاتي القصور عزم حساب) ٣,٥(

אאאI
אim
dmאאr،

אאאF١٠ J٣E
K 

2 ......(3 14)zI r dm= −∫ 

אאאK 
dmאdm dvρ=א،

W 
2 ......(3 15)z

v

I r dvρ= −∫ 
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אאאאdv
אאאdsאdl،

אK 
 

Ù^nÚE<OIOD<V<ÝˆÂ<<…ç’{ÏÖ]<<êi]„{Ö]<<”†{ÏÖ<<‹Þ^{rjÚ<<Ùç{u<<…ç{¦<<ëç{ÛÂ<<<†{µ<
‚ßÂ<ˆÒ†¹]< <

אאא
אdmr

dr،אF٣ J٦E،F
אאאEK 

 
אF٣ J٦ErdrK 

 
W 

2dI r dm= 
W 

(2 )dm ds rdrσ σ π= = 
Wא 

a
r

dr
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4
2

0

2

2(2 )
4

1
2

a aI r rdr

I ma

πσσ π= =

=

∫
 

W 
2( )m aσ π= 

אאא،
אאא
אW 

2 .....(3 16)z zI Mk= − 
zkאאא(Radius of 

Gyration)אאא
אאאאzIK 

 
   الذاتي القصور عزم لحساب أساسية نظريات) ٣,٦(

  محور حول صلب لجسم
Parallel Axes Theoremالمتوازية المحاور نظرية) ٣,٦,١( 

אאא
אאא

אאאK 
אW 

אאאאozא0K 
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2
o i iI m r= ∑ 

אF٣ J٧Eאאא
.c mmK 

 
אF٣ J٧EאimK 

 
2 2 2

. .2i c m i i c mr r r r r′ ′= + + ⋅
r r 

ir ′
rאא.c mmאimK 

W 
2 2
. .2o i c m i i i i c mI m r m r m r r′ ′= + + ⋅∑ ∑ ∑ r r 
2
. . .2o c m c m c m i iI M r I r m r ′= + + ⋅∑r r 

אאi im r ′∑ r
אim.c mאא
א،W 

0i im r ′ =∑ r 

W 

im

ir
r

o
.c mrr

ir ′
r

.c m
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2
. . .......(3 17)o c m c mI I M r= + − 

 
Perpendicular Axes Theorem المتعامدة المحاور نظرية) ٣,٦,٢( 

?אאאא
אא
אאא
אא?K 

 
á^âÖ]V< <

אאאאאאF٣ J٨E
אאאozאאK 

 
אF٣ J٨EK 

 
W 

2

2 2

2 2

( )
z i i

i i i

i i i i

I m r

m x y

m x m y

=

= +

= +

∑
∑
∑ ∑

 

im

ir
r

ix

iy

o
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W 
2 2,i i x i i ym x I m y I= =∑ ∑ 

W 

......(3 18)z x yI I I= + − 

 
Ù^nÚ<EOIPV<D< <

אאאאאאF٣ J٩E
אAB؟ 

 
אF٣ J٩EK 

 
אאאאאאא

אKאאאאאx
אF٣ J٩EKאאאABIK

xIאK
אא،Wz x yI I I= +K 

A B

a b x

y
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אF٣ J٣E21
2zI ma=x yI I=F

אE>،21 1
2 4x zI I ma= = 

W 
2 2 21

4AB xI I mb ma mb= + = + 

 
Simple Pendulumالبسيط البندول) ٣,٧( 
אאml

0،F٣ J١٠EK 

 
אF٣ J١٠EאאK 

 
אאאW 

dL I
dr

τ θ= = && 

τאאmgאozFא0
אEW 

sin .....(3 19)mg lτ θ= − − 

mg

m

l

0

θ
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אאאאozW 
2

zI m l= 
אW 

2sinmg l m lθ θ− = && 
W 

sin 0 ....(3 20)g
l

θ θ⎛ ⎞+ = −⎜ ⎟
⎝ ⎠

&& 

אאאאW 
EאאθאK 

אsinθ θ≈אF٣-٢٠E
אW 

2 0 .....(3 21)θ ω θ+ = −&& 

g
l

ω =אאאmKא

F٣-٢١EW 

cos( ) (3 22)o tθ θ ω φ= + − 
 
EאאθK 

אאאא
אאKW 

E T U= + 
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2 21 .....(3 23)
2

T ml θ= −& 

cos .....(3 24)U mg l θ= − − 

Fאאא
2
πθ =E،

W 
2 21 cos ....(3 25)

2
E m l mg lθ θ= − −& 

W 
2 21 cos ......(3 26)

2
m l E mg lθ θ= + −& 

אFcosmg l θEmg lmg l−
אאאmg l E mg l> > −

E mg l= ±0θ =&אאאK 
אE mg l>אאθ&

אKאאא
אKEאmg l−2θ&

K 
אאאאE

אאאF٢٥ J٣EW 

2

2 2 cos .....(3 27)d E g
dt lm l
θθ θ= = + −& 

 



אאא 

 ٨٥

2 .....(3 28)
cos

o

d g t
lE

mgl

θ

θ

θ

θ
= −

+∫ 

אאא
אאאאW 

cos ......(3 29)E mg l α= − − 
W 

sin
2sin ......(3 30)

sin
2

θ

ϕ
α

= − 

אאF٢٨ J٣EW 

2 2

0

......(3 31)
1 sin

d g t
la

ϕ

ϕ

ϕ
= −

−∫ 

אאW 

sin ......(3 32)
2

a α
= − 

0oθ =K 
אF٣-٣١E(Elliptic Integral)

FaEW 

2 2

2 2

0 0

11 sin ....... ....(3 33)
21 sin

d ga d t
la

ϕ ϕ

ϕ ϕ ϕ
ϕ

⎡ ⎤≈ + + = −⎢ ⎥⎣ ⎦−∫ ∫ 



אאא 

 ٨٦

אאW 
2

(2 sin 2 ) ........ .....(3 34)
8
a g t

l
ϕ ϕ ϕ+ − + = − 

אאTאאא
،ϕא2π،W 

2

2 (4 sin 4 ) ..... .....(3 35)
8
a g T

l
π π π+ − + = − 

אאאTW 
2

2 (1 ........) .....(3 36)
4

l aT
g

π= + + − 

אaאא
2aאאאא

אW 

2 lT
g

π= 

אאאωאF٣٦ J٣E
אאW 

22 (1 .....) .....(3 37)
16

g
T l
π αω = = − + − 

אאאθα
aαθ
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  المركب البندول) ٣,٨(
א

אאא
אא

אאKאאאθאא
אאאאאocא،
F٣ J١١EK 

 
אF٣ J١١EאאK 

 
אא،אF٨EW 

sin ......(3 38)zMgh Iτ θ θ= − = −&& 
hאאcאאoKא

2
z oI Mk=okאא،W 

2sin .....(3 39)oMgh Mkθ θ− = −&& 

mg

0

h

h ′

l

0′
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W 

2 sin 0 .....(3 40)
o

gh
k

θ θ+ = −&& 

אF٤٠ J٣El
W 

2

.....(3 41)ok
l

h
= − 

oאאא ′oFאEאlW 

......(3 42)l h h ′= + − 
h ′o ′אcKo ′א

אאא(Center of Oscillations)،אF٤١ J٣E
F٤٢ J٣EW 

2
2 2 .....(3 43)o
o

k
h h k h hh

h
′ ′= + ⇒ − = − 

אא،2
.o c mI I mh= +W 

2 2 2
. .....(3 44)o c mmk mk mh= + − 

אF٤٣ J٣EW 
2
. .....(3 45)c mk hh ′= − 

.c mkאאא
אKאoo ′אא
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2

2 2 o
o

klT
g gh

π π= = 

 
2

2 2 o
o

klT
g gh

π π ′
′

′
= =

′ ′
 

o oT T ′= 
 

<Ù^nÚEOI<QDV< <

aA
B،אF٣ J١٢E،אאאא

אbאאאא؟ 

 
אF٣ J١٢EK 

 
<Ø£]V< <

אאא
א0KאW 

BA c

b
AB

c

o
b

mg

θ

o



אאא 

 ٩٠

c cIτ α= 
cτאאFאאE

אאABFאEK 

sinc Mgbτ θ= − 

אF٣ J٣EW2 21
4c ABI I Ma Mb= = + 

אW 

2 21( ) sin
4

Ma Mb Mgbθ θ+ = −&& 

W 
2 0θ ω θ+ =&& 

אאאאא
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אאW 

2 22 42
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a bT
gb

π π
ω

+
= = 

bאאאאא
ωא2ωW 
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⎛ ⎞
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+⎜ ⎟
⎝ ⎠

 

אא
2
ab =W 

2 ,a gT
g a

π ω= = 

 
  ودوران انتقال ،الصلبة للأجسام العامة الحركة) ٣,٩(

אאאא،אא
אא،אא،
אא،אא
אKאW 

.....(3 46)dL
dt

τ = −
r

r 

τrאאאאא
L
r

אאאאKτrL
r


אא،אK 

אאא
imאאא
( )ir ′
rאאא

אא( )ir
rW 
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.i i c mr r r′= +
r r r 

אF٤٦ J٣EW 
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i
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אFאEאאW 

( ) ( ) ( ). . . ....(3 47)i i c m i i i i i c m c m
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r rr r r r r r

M 

W 

.i c m
i

F M a=∑
r r 

W 
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× = × = ×

∑

∑
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 

אאאאאאא
אאF٤٧ J٣EW 

i i i i i
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ν′ ′ ′× = ×∑ ∑
rr r r 
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אאאאאא
א،אאאא

אאא،W 

....(3 48)dL
dt

τ
′

′ = −
r

r 

אאאא
אאא
אKאא،

אאאאאא
אא

אאF٤٦ J٣KE 
 
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אאאאא
א(Laminar Motion)Kא
אאאא
אא،אאא
Kאאא
W 

Eא 

. .....(3 49)ext c mF M a= −
r r 

extF
r

אאאא،M
.c marK 



אאא 

 ٩٤

Eאאאא 

.....(3 50)dL
dt

τ
′

′ = −
r

r 

τ ′rאאאL ′
r

אאא
אאאאW 

. ....(3 51)c mL I ω′ = − 
 

  مائل مستوى على يتدحرج مستدير صلب جسم) ٣,١٠(
אא

אא
א(Laminar Motion)KאF٣ J١٣E

אW 
EאאאK 
EאNFאK 
EאfאאאK 

 
אF٣ J١٣EK 

θ
NF

f
φ
a

x

y

mg
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אאאאאא
אאW 

.

.

sin .....(3 52)
cos .....(3 53)
θ
θ

= − −
= − + −

&&

&&
c m

c m N

mx mg f
my mg F 

θWאאאאKאא
א،W 

. .=c my cons. 0c my =&& 

אאF٥٣ J٣EאאW 

cosNF mg θ= 
אאאא

אfKאאא( )f aa
אאK 

אאא.c m
dL Idt ω τ

′
′= =&W 

. ....(3 54)ω = −&c mI f a 
אKאא

אאאKאא
W 

 
MI ^Ú‚ßÂ<áçÓi<íÒ†£]<áæ‚e<Ñ÷ˆÞ]< <

)אאאא )s Nf Fµ≤
א،אאW 
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.

.

.

....(3 55)
ϕ
ϕ ω
ϕ ω

=
= = −
= =

& &

&& && &

c m

c m

c m

x a
x a a
x a a

 

ϕאאאK 
אF٥٤ J٣EאאW 

. .
. .2 ....(3 56)= ⇒ = −
&&

&&c m c m
c m c m

x II f a f xa a
 

fאF٥٦ J٣EאF٥٢ J٣EW 
.

. .2sinθ= −&& &&c m
c m c m

Imx mg xa 

.
. .
2 2

sin sin

1

θ θ
= =
⎛ ⎞ ⎛ ⎞+ +⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

&&c m
c m c m

mg gx I Im a ma

 

W 
2 2 .

. . .
c m

c m c m c m
II mk k m= ⇒ = 

W.c mkאאKW 

. 2
.
2

sin ....(3 57)
1 ( )

θ
= −

+
&&c m

c m

gx
k
a

 

W2 2
.

2
5c mk a=אW 

.
5 sin
7c mx g θ=&& 

< <
< <
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אאאאא
אא( )kµ

אKאאאאאאא
אאאW 

cos ....(3 58)µ µ θ= = −k k N kf F mg 
אF٥٢ J٣EW 

. sin cos ...(3 59)θ µ θ= − −&&c m kmx mg mg 
אאאW 

. cos ...(3 60)ω µ θ= = −&c m k kI f a mg a 
אF٥٩ J٣Eא
KW 

. (sin cos ) ....(3 61)θ µ θ= − −&&c m kx g 
אאאא،W 

2
. .

cos cos
.....(3 62)

µ θ µ θ
ω = = −& k k

c m c m

m g a g a
I k

 

אאF٦١ J٣EF٦٢ J٣E
אאא.0 , , 0c mx tϕ = =& &K

W 
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.

2
.

(sin cos )
....(3 63)

cos

θ µ θ

µ θ
ω ϕ

= −

−

⎛ ⎞
= = ⎜ ⎟

⎝ ⎠

&

&

c m k

k

c m

x g t

ag t
k

 

אאאאאא
،W 

.c mx aγ ω=& 
W 

2
.

2 2

2
.

sin cos tan 1 ...(3 64)
cos

θ µ θ θγ
µµ θ

⎛ ⎞−
= = − −⎜ ⎟

⎝ ⎠
c mk

kk

c m

k
a a
k

 

א( )aωא.c mx&אγ
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.c mx aω=&K 

אF٦٤ J٣Ekµ،א
אאµW 

2

2
.

tan .....(3 65)
1

θµ = −
+

critical

c m

a
k

 

אFאאאאsµEK
F٦٥אאאsµא J٣E

אאK 
 



אאא 

 ٩٩

   سطح على يتدحرج مستدير صلب جسم) ٣,١١(
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،אא،
א،א

א،אא
אאאאא

אאאאK 
אא

،K 
 
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Generalized Coordinatesالإحداثيات المعممة) ٤,٢( 
אאא

NאW 

Nn 3≤;.,,.........,, 321 nqqqq 

nא(Degrees of Freedom)،
אWאאאא

،אא ),,( zyxא
אא),,( zr θא),,( φθrא

אאK 
NN3

א،אאmאא
،אאאא)3( mN −K 

אאאא
،Rא

אאאאא،אW 
2 2 2 2 , 0 (4 1)x y z R z+ + = ≥ − 

،אאאW 

1=m,1=N 
אאאאW 

2133 =−=−mN 
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אאאאא
אאאאא

אאW 
2 2 2 (4 2)z R x y= − − − 

אאאאא
،Kאאiq

iq&אא(Generalized velocity)K 

אאאאאאא
(Generalized forces)،א

אאאzyx ,,Kאא
אאאא(Transformation 

Equations) 
),,( 321 qqqxx = 

1 2 3( , , ) (3 3)y y q q q= − 

),,( 321 qqqzz = 
אאאאאא),,( 321 qqqא

א),,( 332211 qqqqqq δδδ +++אאא
אאW 

3

1 2 3
11 2 3

(4 4 )i
i i

x x x xx q q q q a
q q q q

δ δ δ δ δ
=

∂ ∂ ∂ ∂
= + + = −
∂ ∂ ∂ ∂∑ 

3

1 2 3
11 2 3

(4 4 )i
i i

y y y yy q q q q b
q q q q

δ δ δ δ δ
=

∂ ∂ ∂ ∂
= + + = −
∂ ∂ ∂ ∂∑ 
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3

1 2 3
11 2 3

(4 4 )i
i

i i

x z z zz q q q q c
q q q q

δ δ δ δ δ
=

∂ ∂ ∂ ∂
= + + = −
∂ ∂ ∂ ∂∑ 

אאאn
،אאFאא

א),......,( 21 nqqq),.....,,( 2211 nn qqqqqq δδδ +++
iEאאא),,( iii zyx

),,( iiiiii zzyyxx δδδ +++אאiii zyx δδδ ,,
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1m2mאאlK
1אmאאאא
אF١٠ J٤Eא2mאK
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אאא،אאאא
אW 

2222222 sin Φ++= &&& θρθρρv 
 

 
אF١٠ J٤EK 

 
‹Ú^¤]<Ù]öŠÖ]V< <

mאא
אF١١ J٤EKאאא

אωאאK 
EאאאאFאא

vr =&Rr =0=t 
אאg؟ 

EאK 
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 
אF١١ J٤EK 

 
Œ^ŠÖ]<Ù]öŠÖ]V< <

אא
אF١٢ J٤EKאK 

 
אF١٢ J٤EK 
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mאאאאא
אα،אF١٣ J٤EKאאאא

،א؟אאאא 
 

 
אF١٣ J٤EאאאאK 

 
]àÚ^nÖ]<Ù]öŠÖV< <

LאאK
R،אאωKאא

אאmאאא،
אF١٤ J٤E؟ 

 
 
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 
אF١٤ J٤EאK 

 
Ä‰^jÖ]<Ù]öŠÖ]V< <

אא
2ρcz =אF١٥ J٤E،אא

R،אאzא
אωKאc؟ 

 
אF١٥ J٤EFאEK 
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א
אF١٦ J٤EKאאaz=ρbz−=Φa

bK 
E؟אאא 

EאאאאW 

( ) gzzbazbaaz −=+++ 2222222 1 &&& 
E؟אאא 

 
אF١٦ J٤EאK 

 
†Â<ë^£]<Ù]öŠÖ]V< <

mא
אF١٧ J٤Eאא( )θcos1+

ay =،( )θθ sin−= axπθ 20. ≤≤ 
E؟אאא 
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E؟אאאא 

 
אF١٧ J٤EאK 

 
†Â<êÞ^nÖ]<Ù]öŠÖ]V< <

mאkxxV −=)(
kKאאאא0=xאax =

אτK 
א؟אאא 

 
 

  المراجع) ٤,٩(

١ JK،Kא،١٩٩٦?א
?،אא،אKאK 

2- Marion, J.B. and Thornton, S.T., ”Classical Dynamics of Particles 
and System”, 3rd ed., Acadimic Press, 1988. 

3- H. Goldstein, ”Classical Mechanics”, 2nd ed., Addison-Wesley, 
1992. 

4- L.D. Landau and E.M. Lifshits, ”Mechanics”, 3rd ed., Pergammon 
Press Ltd., 1976. 
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5- Fowles, G.R. and Cassiday, G.L., ”A Addison-Wesley nalytical 
Mechanics”, 5th ed., Saunders College Publishing, 1993. 

6- A.D. Edward, ”Classical Mechanics”, 4th ed., John Wiley and 
Sons, 1996 

7- E.N. Moore, ”Theoretical Mechanics”, 2nd ed., John-Wiley and 
Sons,1988. 
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 
 
 
 
 

 

 



١٥١ 

  الفصل الخامس
 
 

 
HAMILTONIAN EQUATIONS 

●א● אאאאא
● אא● 
● אאאא

א●  
 

  المقدمة) ٥,١(
א،،אא

،א
،א،אא

אאKא
،

א،אא
אK 

 
  الزخم المعمم والإحداثيات الدورية) ٥,٢(

אאאאא
אאאiqאאiq&Kאא
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אא،אא
אאאiqאאipאאW 

(5 1)i
i

Lp
q
∂

= −
∂ &

 

אאW 

0 (5 2)
i i

d L L
dt q q

⎛ ⎞∂ ∂
− = −⎜ ⎟∂ ∂⎝ ⎠&

 

אאF١ J٥EF٢ J٥EW 

(5 3)i
i

Lp
q
∂

= −
∂

& 

אאאאFConstants of 

MotionE،אאאא
א،אא،אא

אאLאqλKW 

0 (5 4)L
qλ

∂
= −

∂
 

אאF٣ J٥EW 

0pλ =& 
pλ = 

אλqאאאאאאא
FExplicitlyEאאאאאא

،אאאqλא،
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אאאאאFcyclic coordinatesE
K 
אאאאא

א،אאאאאW 

( )2 2 21 ( )
2

L m r r V rθ= + −&& 

אLאאθ،θא
אאאθW 

2LP mrθ θ
θ
∂

= = =
∂

&
& 

PθאאאאKאθ&
rPθK 

 
Conservation Lawsالحفظقوانين ) ٥,٣( 

אאא
Fclosed systemEKאאאא

אW 
EאאאK 
EאאאK 
EאאK 
 

  حفظ الزخم المعمم) ٥,٣,١(
אאF١ J٥Eאא

qλאאLאאpλ
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אאאFאE،
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אא Jא

،א
K 

 
  حفظ الطاقة ودالة هاميلتون) ٥,٣,٢(

אאאאא
אאאאאW 

k k
k k

q q (5 5)
q qk k

L L LdL d d dt
t

∂ ∂ ∂
= + + −

∂ ∂ ∂∑ ∑ &
&

 

אאW 

0 (5 6)L
t

∂
= −

∂
 

אאאאLW 
k k

k k

q
q qk k

dq ddL L L
dt dt dt

∂ ∂
= +

∂ ∂∑ ∑
&

&
 

W 

k k
k k

q q (5 7)
q qk k

dL L L
dt

∂ ∂
= + −

∂ ∂∑ ∑& &&
&

 
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אW 

k k

(5 8)
q q

d L L
dt

⎛ ⎞∂ ∂
= −⎜ ⎟∂ ∂⎝ ⎠&

 

אF٧ J٥EW 

k k
k k

q q
q qk k

dL d L L
dt dt

⎛ ⎞∂ ∂
= +⎜ ⎟∂ ∂⎝ ⎠
∑ ∑& &&

& &
 

k
k

q (5 9)
qk

d L
dt

⎛ ⎞∂
= −⎜ ⎟∂⎝ ⎠
∑ &

&
 

W 

k
k

q 0 (5 10)
qk

d L L
dt t

⎛ ⎞∂ ∂
− = −⎜ ⎟∂ ∂⎝ ⎠

∑ &
&

 

W 

k
k

q 0 (5 11)
qk

d L L
dt

⎛ ⎞∂
− = −⎜ ⎟∂⎝ ⎠

∑ &
&

 

אאאאא
H،אאא

אאW 

 = k k
k

q q
q k

k k

LH L p L∂
= − = −

∂∑ ∑& &
&

 

אאHאא
אLאא،W 
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0L
t

∂
=

∂
 

אאאאא
אאאW 

( )
k k kq q qk

T VL Tp
∂ −∂ ∂

= = =
∂ ∂ ∂& & &

 

אאW 

k
k

q (5 12)
qk

TH L∂
= − −

∂∑ &
&

 

W 
2

k
k

q 2
q k

k k

T m q T∂
= =

∂∑ ∑& &
&

 

אF١٢ J٥EW 

EVTVTTH =+=+−= 2 
אאאאאK 

،אאאא
אא،אא

אאאאK 
 

  حركةمعادلات هاميلتون لل) ٥,٤(
אאאאא

א،אW  
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1 2 1 2( , ,........, , , ,........, , ) (5 13)n nL L q q q q q q t= − 
אLאאW 

k k
k k

q q (5 14)
q qk k

L L LdL d d dt
t
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= + + −
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&

 

אאאא 
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q q
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&

 

L אאW 
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(5 15)
n

k k k k
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LdL p dq p dq dt
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= + + −

∂∑ & & 
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( )
1 1
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t= =

∂
+ = + + +

∂∑ ∑& & & & 
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  لقوى الكهرومغناطيسية وطاقة ا) ٥,٥(

  السرعةى  علالمعتمدةالوضع 
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mא2r
kk،

KאאאKאאא
 א؟

 
êÞ^nÖ]<Ù]öŠÖ]V< <

אאאאאאאK 
 

<oÖ^nÖ]<Ù]öŠÖ]V< <

mאאאKא
אאאאא؟ 

 
Äe]†Ö]<Ù]öŠÖ]V< <

mאאK
אאא،אאא

אאא؟ 
 

‹Ú^¤]<Ù]öŠÖ]V< <

Ml2א
kKאאאאא
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אאאKאאא
א؟ 

 
Œ^ŠÖ]<Ù]öŠÖ]V< <

א
אW 
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 
 
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  الفصل السادس
 
 

א 
CALCULUS OF VARIATIONS 

●א● אא
א● אאאא● 

●  
 

  مقدمةال) ٦,١(
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א
אאאאKאאא

אאאאאאKא
אאא،א

EulerאKא
K 

 
   التغايراببعض الأساليب التقنية في حس) ٦,٢(

אאאאW 
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אאFאאxא
אy

dx
dyy ≡′W 

, , (6 1)dyF F x y
dx

⎛ ⎞≡ −⎜ ⎟
⎝ ⎠

 

אאא1xx =2xx =،
אאyx؟W 

( ) (6 2)y y x= − 
אאאW 
2

1

( , , ) (6 3)
x

x
I F x y y dx′= −∫ 

אאF
Stationary valueKE 

 
אF١ J٦EאK 

 
אF١ J٦EFE
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אאW 

0122 =+′′+′ yyy 
אא،אאאא

אא),( 00 yxK 
 
 
 



 

 ١٨٧

<Ù^nÚEOIRD<< <

אא(geodesics) Fא
Eאאθcos1+=rK 

 
Ø£]V< <

אאאא22222 zddrrdsd ++= θ
θcos1+=rW 

θθ ddr sin−= 
drrאאאא
W 

( ) 222222 cos1sin zdddsd +++= θθθθ 

( ) 22cos12 zdd ++= θθ 
אא∫ dsאFא

אאEKW 

( )∫∫ ++= 22cos12 zddds θθ 

( )∫ ′++= 2

1

2cos12
θ

θ
θθ dz 

W 

θd
dzz =′ 

אאFאW 

( ) 2cos12 zF ′++= θ 
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אאא

⎟
⎠
⎞

⎜
⎝
⎛+=

2
sin2 θAczאאאθcos1+=rK 

 
<Ù^nÚEPI<RD< <

אאאא
21א−rK 

 
Ø£]V< <
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2krr
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אWc
krr
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= ∫ 2
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cKW
2

2
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k
kr −

= −θ 

 
المتغيرات متعددة التوابع) ٦,٣( 

(Several Dependent Variables 
אאא

אאאy، א
אאאאK

אאאאא
א( )xzאאx

،0=
dx
dzאא

( )yxzz ,=،W0=
dx
dz0=

dy
dz

אאK 
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אאFy،z،
dx
dy،

dx
dzxK

אא( )xyy =( )xzz =אאW 

∫= dxFI 

Kא( )xyy =
( )xzz =،אא

y،אz،אW 

0 (6 14 )d F F a
dx y y

⎛ ⎞∂ ∂
− = −⎜ ⎟′∂ ∂⎝ ⎠

 

0 (6 14 )d F F b
dx z z

∂ ∂⎛ ⎞ − = −⎜ ⎟′∂ ∂⎝ ⎠
 

אאאn
אאאאnK 

 
Hamilton's Principleمبدأ هاميلتون) ٦,٤( 

אאאא
W 
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(6 15)
t

t
I L dt= −∫ 

KLאאאW 

VTL −= 
TאVאאKא

אאא
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( )tאאKא
אאא

אא1אtא2tאF١٥ J٦EK
אא،kqkq&tK 
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t kk dttqqL & 

אאF٣ J٦EאאW 
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אאא
א،W 
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אאא
n2−rFאאאE؟ 
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אאאאאא(geodesics)א
א؟K 

( )222 8 yxz += 
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⎠
⎞

⎜
⎝
⎛ +

3
cos αθ 

 
Ù]öŠÖ]<Äe]†Ö]V< <

אאאאאא
אyK 

 
Ù]öŠÖ]<‹Ú^¤]V< <

א(geodesics)א
אK 

 
ŠÖ]öÙ]<Œ^ŠÖ]V< <

אא1p2p،אאא
אxאאF٣ J٦E،

אאא؟K 
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 
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؟אאאא 
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  اجعالمر) ٦,٦(

١ JK،Kא،١٩٩٦?
א?،אא،אKאK 
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 

אאאא 
SMALL OSCILLATIONS 

●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● 

 
  مةالمقد) ٧,١(

אאאאא،אאא
אאאא،،אא
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   لدراسة المصفوفات استخدام) ٧,٥(

  الصغيرة الاهتزازات
אאאאא،א

אא،אאn
אאאאאא،א

Wאא 
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kωka،n
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Normal Coordinatesالطبيعية حداثياتالإ) ٧,٦( 

א،אאא
F(Normal CoordinatesKאאאא

אאאlq،
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אאkQאאkωW 

cos ( ) (7 38)k k k kQ f tω= + Φ − 
W 

(7 39)l lk k
k

q A Q= −∑ 

kQ،אאא،א
אאאא،א

אW 
2 0 (7 40)k k kQ Qω+ = −&& 

Wאאא،אאאא،
אF٤٠ J٧KEאאאא
א،אא،

אF٤٠ J٧EK 
אF٣٩ J٧EW 

∑=
k

klkl QAq && 

אW 

,

1 (7 41)
2 lm m

l m

T T ql q= −∑ & & 

)()(
2
1

,
∑∑ ∑=

s
sms

ml k
klklm QAQATT && 

∑ ∑ ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

sk
sk

ml
mslkml QQAATT

, ,
,2

1 && 
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אאא(Orthonormality Condition)
W 

∑ =
ml

ksmslklm AAT
,

δ 

ksδK 
W 

2

,

1 1 (7 42)
2 2ks k s k

k s k

T Q Q Qδ= = −∑ ∑& & & 

אW 

,

1 (7 43)
2 lm l m

l m

V V q q= −∑ 

, ,

1 ( ) (7 44)
2 lm lk ms k s

k s l m

V V A A Q Q= −∑ ∑ 

אF٢٣ J٧EW 

∑ ∑ ==
ml ml

kskmslklmkmslklm AATAAV
, ,

22 δωω 

אF٤٤ J٧EאאW 
2 2 2

,

1 1 (7 45)
2 2k ks k s k k

k s k

V Q Q Qω δ ω= = −∑ ∑ 

אא،אאאF٤٢-
٧E،אאF٤٥ J٧EW 

2 2 21 ( ) (7 46)
2 k k k

k
L Q Qω= − −∑ & 

אאאkQW 
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td
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 

W 
2 0 (7 47)k k kQ Qω+ = −&& 

אF٤٠ J٧EKאאאא
אאאאאlmVlmT
(Diagonal Matrices)،אא،

،א،
،W 
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 

אאאאאlq
אאאlQאאAא

F٣٦ J٧EK 

(7 48)q AQ= − 
אאאW 

1 11 12 1 1

2 21 22 2 2

1 2

. .

. .
(7 49). . . . . . .

. . . .
. .

n

n

n n n nn n

q A A A Q
q A A A Q

q A A A Q

⎡ ⎤ ⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥= −
⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦ ⎣ ⎦

 
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W 
1 (7 50)Q A q−= − 

1−AאAW 
1 1 (7 51)AA A A I− −= = − 

Iא(Identity Matrix) 

(7 52)AI IA A= = − 
א،אא

אאאW 

1......332211 ===== nnaaaa 
 
 

Ù^nÚE<P<I<SD 
אאאאאF٣ J٧E؟ 
 

Ø£]V<< <

אAW 
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m

A 

א،(Orthogonal Matrix)W 
TAA =−1 
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TAאA(Transpose Matrix)
אא،אאא

KאאKאTA
אאW 
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211 22
xmxmQ += 

212 22
xmxmQ −= 
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אאאאK 
 
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אF٧ J٧EאLCK 

 
Ù]öŠÖ]<oÖ^nÖ]V< <

אאF٨ J٧E،א
אאא،אאאאאא

א،kא؟K 

C
C

1q 2q

LL
1I

2I
M
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1x 2x 3x
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m m m

1x 2x 3x

k kk k

 
אF٨ J٧EK 

 
Ù]öŠÖ]<Äe]†Ö]V< <

אאאF٩ J٧Eאאאא
אאאKW 
١ JאTאV؟ 
٢ Jאא؟א 
٣ Jאא؟א 
٤ Jאאאא؟ 

 
אF٩ J٧EK 

 
]Ù]öŠÖ<‹Ú^¤]V< <

אF١٠ J٧E،אאV
אTאאאאאאא؟ 

m

mm

1x

2x

3x
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 
אF١٠ J٧EK 

 
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  الفصل الثامن
 
 

אאFאE 
CANONICAL TRANSFORMATION 

●א●א●
אא●אאא

א●אאא
●אאא●


● 

 
  المقدمة) ٨,١(

אא،אא
אW 

, , 1, 2,....., (8 1)i i
i i

H Hq p i n
p q
∂ ∂

= = − = −
∂ ∂

& & 

א
א،אאK

אWאא،
אאiqאipא


i

QiPאא
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א،אאא
i

QאiP
אא،W 

( ) ( ), ,
, , 1, 2,...., (8 2)i i

i i

H Q P H Q P
Q P i n

P Q
∂ ∂

= = − = −
∂ ∂

& & 

( )Hאאאא،אW
אiqipאאא

א،iQiPאאאא،
אW 

( )1 1,......., , ,......., , (8 3 )i i n nP P p p q q t a= − 

( )1 1,......, , ,........, , (8 3 )i i n nQ Q p p q q t b= − 

אF٣ J٨EW 
( ) ( ), , , , , (8 4)i i i i i i i iP P p q t Q Q p q t= = − 

 
  وخصائصها بوسون أقواس) ٨,٢(

(Poisson Brackets and Their Properties) 
אאא،א

א(Poisson Bracket)אWא
אfgאאאאאiqip،
אW 

{ }
1

, (8 5)
n

i i i i i

f g f gf g
q p p q=

⎛ ⎞∂ ∂ ∂ ∂
= − −⎜ ⎟∂ ∂ ∂ ∂⎝ ⎠
∑ 

אאאאF( )tpqFF ii ,,=W 
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1
(8 6)i i

i i i

dF F F Fq p
dt q p t=

⎛ ⎞∂ ∂ ∂
= − + −⎜ ⎟∂ ∂ ∂⎝ ⎠
∑ & & 

אאאF١ J٨Eאא
W 

1
(8 7)

i i i i i

dF F H F H F
dt q p p q t=

⎛ ⎞∂ ∂ ∂ ∂ ∂
= − + −⎜ ⎟∂ ∂ ∂ ∂ ∂⎝ ⎠
∑ 

אF٥ J٨EW 

{ }, (8 8)dF FF H
dt t

∂
= + −

∂
 

אFאאאiqאאip
אאW 

{ }, (8 9)i iq q H= −& 

{ }, (8 10)i ip p H= −& 

א
،אאאא

אא،אאא
אK 

אאאאאW 
١ Jא(Anti-symmetry) 

{ } { }fggf ,, −= 
אאK 

 
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٢ Jא(Linearity) 

{ } { } { }hgchfchgcfc ,,, 2121 +=+ 
hאאאאאאK 

 
٣ Jא(Product Rule) 
W 

{ } { } { }ghfhgfghf ,,, += 
 
٤ J(Jacobi’s Identity) 

{ }{ } { }{ } { }{ } 0,,,,,, =++ gfhfhghgf 

אאאאF٥ J٨EK 
אאא(Fundamental Brackets) 
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אW 

{ } { } ijjiji pqpp δ== ,,0, 

 
Ù^nÚE<MI<TVD< <
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2
1

2
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2
1 , pqgpqqf +=+= 

< <
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Ø£]V< <
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אאאאאאאא
אW 
١ J{ }pq ,2 
٢ J{ }pqpq ++ , 
٣ J{ }2,qqp 

 
Ø£]V< <
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Ù^nÚE<OIT<D< <

אאאאאאא؟ 
 

Ø£]V< <

אאאאW 
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pH += 

אW 

{ }Hqq ,=& 
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Canonical Transformationالفيصلية الانتقالات) ٨,٣( 
אא

אF٣ J٨EאאW 
( ) ( ), , , , , (8 11)i i i iP P q p t Q Q q p t= = − 

אאא،אא
אאאiqip،W 

, (8 12)i i
i i

K KQ P
P Q
∂ ∂

= = − −
∂ ∂

& & 

אKאאא
א،א،

אאאQאPKאא
אאW 

2

1

0 (8 13)
t

t

L dtδ = −∫ 

אאאW 

∑ −=
i

ii LqpH & 

W 

( )
2

1

, , 0 (8 14)
t

i i
it

p q H q p t dtδ ⎡ ⎤− = −⎢ ⎥⎣ ⎦
∑∫ & 

אאF١٤ J٨Eאאא
אאQPW 
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( )
2

1

. , 0 (8 15)
t

i i
it

P Q K Q P t dtδ ⎡ ⎤− = −⎢ ⎥⎣ ⎦
∑∫ & 

אF١٥ J٨EאF١٤ J٨EW 
2

1

0 (8 16)
t

i i i i
i it

p q H P Q K dtδ ⎡ ⎤− − + = −⎢ ⎥⎣ ⎦
∑ ∑∫ && 

אאאאאא
אF،אאWאאא،
W 

(8 17)i i i i
i i

dFp q H PQ K
dt

⎡ ⎤− − + ≡ −⎢ ⎥⎣ ⎦
∑ ∑& 

אאFא،אאאא
Kאא،אאאא
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אאאא،אאא

אאאאאא،
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אא،א؟

؟אאW 
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( ), (8 27)i iP P q p= − 
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אאאW 

(8 28)i i
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Q QH HQ
q p p q
∂ ∂∂ ∂
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∂ ∂ ∂ ∂
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W 
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= − −
∂ ∂ ∂ ∂
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אאF٢٦ J٨EF٢٧ J٨E
W 

( ), (8 30)j jq q Q P= − 

( ), (8 31)j jp p Q P= − 

אאאW 
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א،אא
אא،W 
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(8 37)ji
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q Q

∂∂
= − −

∂ ∂
 

 אא،א،א
א(simplistic condition)Kאאא

אאאW 
אn،אא

אiq،אאip( )ni ,.....,2,1=
אאא(column matrix)η

n2W 
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( ), 1,2,..., (8 38)i i i n iq p i nη η += = = − 

אאאאאא
η∂

∂Hא

אאW 

, (8 39)
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= = −⎜ ⎟ ⎜ ⎟∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠

 

( )J( )nn 22 ×אW 
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12 ,1 −=−=−= JJJJ T 
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W 

j
j

i
i η

η
ξ

ξ &&
∂
∂

= 

אאאאW 
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אאF٤١ J٨EW 
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(8 44)T HMJMξ
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א،אאא
אאאאא
F٤١ J٨EW 

(8 45)HJξ
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∂
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אאF٤٤ J٨EF٤٥ J٨EW 
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אאאW 

(8 46)TMJM J= − 
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   إنجليزي-عربي : أولاً
  

Z� �
אא Equilibrium

אא Unstable equilibrium  

אא Stable equilibrium  

אא Rigid bodies  

אאאא Cylindrical coordinate  

אאא Cyclic coordinates  

אאא Normal coordinates  

אאא Spherical coordinate  

אאא Cartesian coordinate  

אאא Generalized velocity  

אאא Fundamental brackets  

א Poisson brackets  

אא Canonical transformations  

אאאא Small oscillation  

a� �
אFאE Transformation  
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א Gradient  

א Frequency  

אאא Angular frequency  

אא Uniform acceleration  

אא Simplistic approach  

c� �
א Gravity  

 Particle  

אאא Magnetic vector potential  

d� �
אאא Oscillatory motion  

אאאא Simple harmonic motion  

אא Rectilinear motion  

אא One-dimensional motion  

א Calculus of variation  

א Conservation of energy  

אא General solution  

f� �
א Hamiltonian function  

א  Degrees of freedom  

אאא Generalized momentum  

h� �
אא First order  

i� �
אא Phase angle  
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אאFאE Linear momentum  

אא Generating function  

אא Period  

j� �
אא Terminal velocity  

אא Velocity  

אא Generalized force  

אא Amplitude  

k� �
אא Orthonormality condition  

א Normalized condition  

אא Simplistic condition  

l� �
א  Explicit  

n� �
א Potential energy  

p� �
א Ant symmetry  

אא Element of arc length  

w� �
א Chain rule  

א Product rule  

א Newton’s first law  

 Hook’s low  

א Parabola  
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אא Conservation low  

 Force  

א Restoring force  

אא External force  

אא Electromagnetic force  

אא Generalized coordinate  

 Constant force  

 Lorentz force  

אא Impulsive force  

 Stationary value  

א Holonomic constraints  

א Non- Holonomic constraints  

x� �
א Mass  

אא N-degree polynomial   

�מ �
אא Superposition principle  

 Hamilton’s principle  

אא Eigenvectors  

 Taylor series  

אאאא Several dependent variables  

 Orthogonal set  

 Orthonormal set  

 Normalized set  

 Jacobi’s identity  

א Identity matrix  
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א Column matrix  

 Diagonal matrix  

 Orthogonal matrix  

 Symmetric matrix  

א Lagrange multipliers  

אאFאE Canonical equations of motion  

 Equation  

א Euler equation  

אא Coefficient of kinetic friction  

אא Coefficient of kinetic friction  

FE Position  

אא Terminal position  

 Newtonian mechanics  

{� �
אא Conservative system  

אא Closed system  

אא  Constrained system  

אא Work energy theorem  

אא Inertial reference system  

א Turning point  

}� �
א Gaussian units  
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   عربي- إنجليزي : ثانياً
  

A  
אא Amplitude
אאא Angular frequency  

א Ant symmetry  

C  
א Calculus of variation  

אאFאE Canonical equations of motion  

אא Canonical transformations  

אאא Cartesian coordinate  

א Chain rule  

אא Closed system  

אא Coefficient of kinetic friction  

אא Coefficient of kinetic friction  

א Column matrix  

אא Conservation low  

א Conservation of energy  

אא Conservative system  

 Constant force  

אא  Constrained system  

אאא Cyclic coordinates  

אאאא Cylindrical coordinate  

D  
א  Degrees of freedom  
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 Diagonal matrix  

E  
אא Eigenvectors  

אא Electromagnetic force  

אא Element of arc length  

 Equation  

אא Equilibrium  

א Euler equation  

א  Explicit  

אא External force  

F 
אא First order  

 Force  

א Frequency  

אאא Fundamental brackets  

G  
א Gaussian units  

אא General solution  

אא Generalized coordinate  

אא Generalized force  

אאא Generalized momentum  

אאא Generalized velocity  

אא Generating function  

א Gradient  

א Gravity  
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H  
 Hamilton’s principle  

א Hamiltonian function  

א Holonomic constraints  

 Hook’s low  

I  
א Identity matrix  

אא Impulsive force  

אא Inertial reference system  

J  
 Jacobin’s identity  

L  
א Lagrange multipliers  

אאFאE Linear momentum  

 Lorentz force  

M  
אאא Magnetic vector potential  

א Mass  

N  
אא N-degree polynomial   

א Newton’s first law  

 Newtonian mechanics  

א Non- Holonomic constraints  
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אאא Normal coordinates  

א Normalized condition  

 Normalized set  

O  
אא One-dimensional motion  

 Orthogonal matrix  

 Orthogonal set  

 Orthonormal set  

אא Orthonormality condition  

אאא Oscillatory motion  

P  

א Parabola  

 Particle  

אא Period  

אא Phase angle  

א Poisson brackets  

FE Position  

א Potential energy  

א Product rule  

R  
אא Rectilinear motion  

א Restoring force  

אא Rigid bodies  

S  



א 
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S 
אאאא Several dependent variables  

אאאא Simple harmonic motion  

אא Simplistic approach  

אא Simplistic condition  

אאאא Small oscillation  

אאא Spherical coordinate  

אא Stable equilibrium  

 Stationary value  

אא Superposition principle  

 Symmetric matrix  

T  
 Taylor series  

אא Terminal position  

אא Terminal velocity  

אFאE Transformation  

א Turning point  

U 

אא Uniform acceleration  

אא Unstable equilibrium  

V 

אא Velocity  

W 

אא Work energy theorem  
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Summary of Classical Mechanics Book  
By:Dr. Ayman M. Al Sawalha , 

Dr.Abdulaziz A. Al Mulhim 
Dr.Eqab M. Rabee  

 
 
This book is intended primarily for an undergraduate course in 

classical mechanics taken by student majoring in physics. 
This book contains eight chapters; begin with a brief 

introduction to the Newton's laws of motion in the first chapter. 
Chapter two and three deal with the motion of system of many 

particles and then go to study the motion of a rigid body by 
considering the fact that a rigid body is a continuous case for many 
infinitesimal particles. 

Chapter four discuss the Lagrange's equation of motion which 
deals with the motion of particles. In addition, the Lagrangian 
mechanics represent a new simple mathematical method to deal with 
the Hamiltonian equations in motion that is discuss in chapter five. 

Chapter six and eight cover two mathematical subjects in 
classical mechanics were chapter six discusses the calculus of 
variation and chapter eight deals with the canonical transformations. 

Chapter seven discusses the small oscillations which is very 
important to understand the microscopic subjects of physics.  

Finally, this book contains many examples and many 
problems at the end of each chapter, which is important for the 
student to understand the subjects of classical mechanics deeply. 

  
  


