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dt lm l
θθ θ= = + −& 

 



אאא 

 ٨٥

2 .....(3 28)
cos

o

d g t
lE

mgl

θ

θ

θ

θ
= −

+∫ 

אאא
אאאאW 

cos ......(3 29)E mg l α= − − 
W 

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

sin
2

θ

ϕ
α

= − 

אאF٢٨ J٣EW 

2 2

0

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

d g t
la

ϕ

ϕ

ϕ
= −

−∫ 

אאW 

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

a α
= − 

0oθ =K 
אF٣-٣١E(Elliptic Integral)

FaEW 

2 2

2 2

0 0

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

d ga d t
la

ϕ ϕ

ϕ ϕ ϕ
ϕ

⎡ ⎤≈ + + = −⎢ ⎥⎣ ⎦−∫ ∫ 



אאא 

 ٨٦

אאW 
2

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

l
ϕ ϕ ϕ+ − + = − 

אאTאאא
،ϕא2π،W 

2

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

l
π π π+ − + = − 

אאאTW 
2

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

l aT
g

π= + + − 

אaאא
2aאאאא

אW 

2 lT
g

π= 

אאאωאF٣٦ J٣E
אאW 

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

g
T l
π αω = = − + − 

אאאθα
aαθ
אאאאאK 



אאא 
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  المركب البندول) ٣,٨(
א

אאא
אא

אאKאאאθאא
אאאאאocא،
F٣ J١١EK 

 
אF٣ J١١EאאK 

 
אא،אF٨EW 

sin ......(3 38)zMgh Iτ θ θ= − = −&& 
hאאcאאoKא

2
z oI Mk=okאא،W 

2sin .....(3 39)oMgh Mkθ θ− = −&& 

mg

0

h

h ′

l

0′



אאא 

 ٨٨

W 

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

gh
k

θ θ+ = −&& 

אF٤٠ J٣El
W 

2

.....(3 41)ok
l

h
= − 

oאאא ′oFאEאlW 

......(3 42)l h h ′= + − 
h ′o ′אcKo ′א

אאא(Center of Oscillations)،אF٤١ J٣E
F٤٢ J٣EW 

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

k
h h k h hh

h
′ ′= + ⇒ − = − 

אא،2
.o c mI I mh= +W 

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

אF٤٣ J٣EW 
2
. .....(3 45)c mk hh ′= − 

.c mkאאא
אKאoo ′אא

אאאאW 



אאא 

 ٨٩

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< <

aA
B،אF٣ J١٢E،אאאא

אbאאאא؟ 

 
אF٣ J١٢EK 

 
<Ø£]V< <

אאא
א0KאW 

BA c

b
AB

c

o
b

mg

θ

o



אאא 

 ٩٠

c cIτ α= 
cτאאFאאE

אאABFאEK 

sinc Mgbτ θ= − 

אF٣ J٣EW2 21
4c ABI I Ma Mb= = + 

אW 

2 21( ) sin
4

Ma Mb Mgbθ θ+ = −&& 

W 
2 0θ ω θ+ =&& 

אאאאא

2
2

2

4

gb
a b

ω

⎛ ⎞
⎜ ⎟

= ⎜ ⎟
⎜ ⎟+⎜ ⎟
⎝ ⎠

אאW 

2 22 42
4

a bT
gb

π π
ω

+
= = 

bאאאאא
ωא2ωW 
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( )
2

2

22
2

2
4

2 0

4

ag b b gb
d

a b

ω ω

⎛ ⎞
+ −⎜ ⎟

⎝ ⎠= =
⎛ ⎞

+⎜ ⎟
⎝ ⎠

 

אא
2
ab =W 

2 ,a gT
g a

π ω= = 

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

אאאא،אא
אא،אא،
אא،אא
אKאW 

.....(3 46)dL
dt

τ = −
r

r 

τrאאאאא
L
r

אאאאKτrL
r


אא،אK 

אאא
imאאא
( )ir ′
rאאא

אא( )ir
rW 



אאא 

 ٩٢

.i i c mr r r′= +
r r r 

אF٤٦ J٣EW 

( ) ( )

( ) ( ) ( ). . .

i i i i i
i i

i c m i i c m i i c m
i i

dr F r m
dt

dr r F r r m
dt

τ ν

ν ν

= × = ×

⎡ ⎤′ ′ ′⎡ ⎤= + × = + × +⎣ ⎦⎣ ⎦

∑ ∑

∑ ∑

rr r rr

rr r r r r r
 

אi i
i

m r ′∑ ri i
i

m ν ′∑ r

אFאEאאW 

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

d dr F r F r m m r
dt dt

ν ν′ ′ ′× + × = × + × −∑ ∑ ∑ ∑
r rr r r r r r

M 

W 

.i c m
i

F M a=∑
r r 

W 

( ) . .
. . . .

. . . . .

c m c m
i c m c m c m c m

i

c m c m c m c m c m i
i

d r ddm r M r
dt dt dt

M r a r M a r F

ν
ν ν⎡ ⎤× = × + ×⎢ ⎥⎣ ⎦

× = × = ×

∑

∑

r r
r r r r

rr r r r r
 

אאאאאאא
אאF٤٧ J٣EW 

i i i i i
i i

dr F r m
dt

ν′ ′ ′× = ×∑ ∑
rr r r 
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אאאאאא
א،אאאא

אאא،W 

....(3 48)dL
dt

τ
′

′ = −
r

r 

אאאא
אאא
אKאא،

אאאאאא
אא

אאF٤٦ J٣KE 
 

íÖ^u<í‘^}V< <

אאאאא
א(Laminar Motion)Kא
אאאא
אא،אאא
Kאאא
W 

Eא 

. .....(3 49)ext c mF M a= −
r r 

extF
r

אאאא،M
.c marK 
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Eאאאא 

.....(3 50)dL
dt

τ
′

′ = −
r

r 

τ ′rאאאL ′
r

אאא
אאאאW 

. ....(3 51)c mL I ω′ = − 
 

  مائل مستوى على يتدحرج مستدير صلب جسم) ٣,١٠(
אא

אא
א(Laminar Motion)KאF٣ J١٣E

אW 
EאאאK 
EאNFאK 
EאfאאאK 

 
אF٣ J١٣EK 

θ
NF

f
φ
a

x

y

mg



אאא 

 ٩٥

אאאאאא
אאW 

.

.

sin .....(3 52)
cos .....(3 53)
θ
θ

= − −
= − + −

&&

&&
c m

c m N

mx mg f
my mg F 

θWאאאאKאא
א،W 

. .=c my cons. 0c my =&& 

אאF٥٣ J٣EאאW 

cosNF mg θ= 
אאאא

אfKאאא( )f aa
אאK 

אאא.c m
dL Idt ω τ

′
′= =&W 

. ....(3 54)ω = −&c mI f a 
אKאא

אאאKאא
W 

 
MI ^Ú‚ßÂ<áçÓi<íÒ†£]<áæ‚e<Ñ÷ˆÞ]< <

)אאאא )s Nf Fµ≤
א،אאW 



אאא 

 ٩٦

.

.

.

....(3 55)
ϕ
ϕ ω
ϕ ω

=
= = −
= =

& &

&& && &

c m

c m

c m

x a
x a a
x a a

 

ϕאאאK 
אF٥٤ J٣EאאW 

. .
. .2 ....(3 56)= ⇒ = −
&&

&&c m c m
c m c m

x II f a f xa a
 

fאF٥٦ J٣EאF٥٢ J٣EW 
.

. .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 mkאאKW 

. 2
.
2

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

θ
= −

+
&&c m

c m

gx
k
a

 

W2 2
.

2
5c mk a=אW 

.
5 sin
7c mx g θ=&& 

< <
< <
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 ٩٧

NI<‚ßÂ<pæ‚u<Ñ÷ˆÞ÷]< <

אאאאא
אא( )kµ

אKאאאאאאא
אאאW 

cos ....(3 58)µ µ θ= = −k k N kf F mg 
אF٥٢ J٣EW 

. sin cos ...(3 59)θ µ θ= − −&&c m kmx mg mg 
אאאW 

. cos ...(3 60)ω µ θ= = −&c m k kI f a mg a 
אF٥٩ J٣Eא
KW 

. (sin cos ) ....(3 61)θ µ θ= − −&&c m kx g 
אאאא،W 

2
. .

cos cos
.....(3 62)

µ θ µ θ
ω = = −& k k

c m c m

m g a g a
I k

 

אאF٦١ J٣EF٦٢ J٣E
אאא.0 , , 0c mx tϕ = =& &K

W 



אאא 

 ٩٨

.

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

 

אאאאאא
،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( )aωא.c mx&אγ
אאKאא1γ =
.c mx aω=&K 

אF٦٤ J٣Ekµ،א
אאµW 

2

2
.

tan .....(3 65)
1

θµ = −
+

critical

c m

a
k

 

אFאאאאsµEK
F٦٥אאאsµא J٣E

אאK 
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   سطح على يتدحرج مستدير صلب جسم) ٣,١١(

  الطاقة فرضيات – مائل ىمستو
אאאאא
אKאאU،אא،

אאא 

( ) .= =∑ i i c mU m g z mg z 

W.c mzאאא
FאKE 

אאאא
א2

.
1( )
2

c mmx&

א2
.

1( )
2 c mI ωKW 

2 2
. .

1 1
2 2c m c mT mx I ω= +& 

W 

.T U E cons+ = = 
אW 

2 2
. . .

1 1
2 2c m c m c mmx I mgz Eω+ + =& 


2

2 2 .
. . .2

1 1 sin
2 2

c m
c m c m c m

xmx mk mgx Ea θ∴ + − =
&

& 



אאא 

 ١٠٠

א،אא
אאאאא
אKאאאEK 

אאא
W 

2
.

. . .2(1 ) sinc m
c m c m c m

kmx x mgxa θ+ −& && & 

אאW 

. 2
.
2

sin

1
c m

c m

gx k
a

θ
=

+
&& 

אאאאאאK 
 

  مسائل) ٣,١٢(
Ù]öŠÖ]<Ùæù]V< <

aאxy
אאאσא

א2σKא
אאoxoyozאoz

אKאאא
אאK 
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 ١٠١

Ù]öŠÖ]<êÞ^nÖ]V< <

א1
3

AhAאh
אKאאא

abK 
 

Ù]öŠÖ]<oÖ^nÖ]V< <

אאאLm


4
LKFאא27

48
mLEK 

 
Ù]öŠÖ]<Äe]†Ö]V<< <

אאא
א(Radius of Gyration)FKאא21 13 ,

6 12
a maa

אKE 
 

Ù]öŠÖ]<‹Ú^¤]V< <

אaK
אאoxoyozא

אozאאK 
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 LAGRANGE'S EQUATIONS 
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א● אא
●  

 
  مقدمةال) ٤,١(

אאאא
אאא،א

،אא،
א،א

א،אא
אאאאא

אאאאK 
אא

،K 
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 ١٠٤

Generalized Coordinatesالإحداثيات المعممة) ٤,٢( 
אאא

NאW 

Nn 3≤;.,,.........,, 321 nqqqq 

nא(Degrees of Freedom)،
אWאאאא

،אא ),,( zyxא
אא),,( zr θא),,( φθrא

אאK 
NN3

א،אאmאא
،אאאא)3( mN −K 

אאאא
،Rא

אאאאא،אW 
2 2 2 2 , 0 (4 1)x y z R z+ + = ≥ − 

،אאאW 

1=m,1=N 
אאאאW 

2133 =−=−mN 
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 ١٠٥

אאאאא
אאאאא

אאW 
2 2 2 (4 2)z R x y= − − − 

אאאאא
،Kאאiq

iq&אא(Generalized velocity)K 

אאאאאאא
(Generalized forces)،א

אאאzyx ,,Kאא
אאאא(Transformation 

Equations) 
),,( 321 qqqxx = 

1 2 3( , , ) (3 3)y y q q q= − 

),,( 321 qqqzz = 
אאאאאא),,( 321 qqqא

א),,( 332211 qqqqqq δδδ +++אאא
אאW 

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
=

∂ ∂ ∂ ∂
= + + = −
∂ ∂ ∂ ∂∑ 

אאאn
،אאFאא

א),......,( 21 nqqq),.....,,( 2211 nn qqqqqq δδδ +++
iEאאא),,( iii zyx

),,( iiiiii zzyyxx δδδ +++אאiii zyx δδδ ,,
אW 

1 2
11 2

......... (4 5 )
n

i i i i
i n k

kn k

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

δ δ δ δ δ
=

∂ ∂ ∂ ∂
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∂ ∂ ∂ ∂∑ 

k

n

k k
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n

n
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i q
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y

q
q
y

q
q
y

q
q
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= ∂
∂

=
∂
∂
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∂
∂

+
∂
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=
1

2
2

1
1

........... 

1 2
11 2

........... (4 5 )
n

i i i i
i n k

kn k

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

δ δ δ δ δ
=

∂ ∂ ∂ ∂
= + + + = −
∂ ∂ ∂ ∂∑ 

 
Generalized Forcesالقوى المعممة) ٤,٣( 
אF

rאאrδ
r

אאא
W 

. (4 6)x y zw F r F x F y F zδ δ δ δ δ= = + + −
rr

 
zyx FFF ,,אאF
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1 1
(4 7)
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x y z k k k
k kk k k

x y zw F F F q Q q
q q q

δ δ δ
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⎛ ⎞∂ ∂ ∂
= + + = ⋅ −⎜ ⎟∂ ∂ ∂⎝ ⎠
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+
∂
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∂
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k

z
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1 1

. (4 8)
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r r 

אאF٥ J٤EW 

)94(           
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⎥
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⎢
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1 1          (4 10)δ δ∑ ∑
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⎡ ⎤⎛ ⎞∂ ∂ ∂
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q q q 
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N
i i i
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⎛ ⎞∂ ∂ ∂
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∑ 
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٢ JאאאאjFiFF yx
ˆˆ +=
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<Ø£]V< 

θ== 21 , qrq 

θθ cos),( rrxx == 

θθ sin),( rryy == 
١ JאאאאW 

δθθδθθδ
θ
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∂
∂

+
∂
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= 

δθθδθδθ
θ

δδ cossin rryr
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∂
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+
∂
∂
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∂
∂
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∂
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∂
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+
∂
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∂
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+
∂
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∂
∂
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∂
∂
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∂
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∂
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+
∂
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+
∂
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θ
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Conservative Systemsالأنظمة المحافظة) ٤,٤( 
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F
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rr
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rr
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Vאאאא،א
אאW 
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אW 
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V V VF F Fx y z
∂ ∂ ∂
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q
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q
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∂
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+
∂
∂

+
∂
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(4 13)k
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x q y q z q q
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Constrained Systemsالأنظمة المقيدة) ٤,٥( 
אאW 

<]<ÅçßÖ]ÙæùVאאאWאא
אא،אאW 

( , ) 0 (4 14)kf q t = − 
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אאאאאא(Rigid Bodies)
אא 
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 الفيصلية والانتقالات بوسون أقواس) ٨,٦(
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   إنجليزي-عربي : أولاً
  

Z� �
אא Equilibrium

אא Unstable equilibrium  

אא Stable equilibrium  

אא Rigid bodies  

אאאא Cylindrical coordinate  

אאא Cyclic coordinates  

אאא Normal coordinates  

אאא Spherical coordinate  

אאא Cartesian coordinate  

אאא Generalized velocity  

אאא Fundamental brackets  

א Poisson brackets  

אא Canonical transformations  

אאאא Small oscillation  

a� �
אFאE Transformation  
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א Gradient  

א Frequency  

אאא Angular frequency  

אא Uniform acceleration  

אא Simplistic approach  

c� �
א Gravity  

 Particle  

אאא Magnetic vector potential  

d� �
אאא Oscillatory motion  

אאאא Simple harmonic motion  

אא Rectilinear motion  

אא One-dimensional motion  

א Calculus of variation  

א Conservation of energy  

אא General solution  

f� �
א Hamiltonian function  

א  Degrees of freedom  

אאא Generalized momentum  

h� �
אא First order  

i� �
אא Phase angle  
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אאFאE Linear momentum  

אא Generating function  

אא Period  

j� �
אא Terminal velocity  

אא Velocity  

אא Generalized force  

אא Amplitude  

k� �
אא Orthonormality condition  

א Normalized condition  

אא Simplistic condition  

l� �
א  Explicit  

n� �
א Potential energy  

p� �
א Ant symmetry  

אא 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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אא Conservation low  

 Force  

א Restoring force  

אא External force  

אא Electromagnetic force  

אא Generalized coordinate  

 Constant force  

 Lorentz force  

אא Impulsive force  

 Stationary value  

א Holonomic constraints  

א Non- Holonomic constraints  

x� �
א Mass  

אא N-degree polynomial   

�מ �
אא Superposition principle  

 Hamilton’s principle  

אא Eigenvectors  

 Taylor series  

אאאא 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  

אאFאE Canonical equations of motion  

 Equation  

א Euler equation  

אא Coefficient of kinetic friction  

אא Coefficient of kinetic friction  

FE Position  

אא Terminal position  

 Newtonian mechanics  

{� �
אא Conservative system  

אא Closed system  

אא  Constrained system  

אא Work energy theorem  

אא Inertial reference system  

א Turning point  

}� �
א Gaussian units  
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   عربي- إنجليزي : ثانياً
  

A  
אא Amplitude
אאא Angular frequency  

א Ant symmetry  

C  
א Calculus of variation  

אאFאE Canonical equations of motion  

אא Canonical transformations  

אאא Cartesian coordinate  

א Chain rule  

אא Closed system  

אא Coefficient of kinetic friction  

אא Coefficient of kinetic friction  

א Column matrix  

אא Conservation low  

א Conservation of energy  

אא Conservative system  

 Constant force  

אא  Constrained system  

אאא Cyclic coordinates  

אאאא Cylindrical coordinate  

D  
א  Degrees of freedom  
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 Diagonal matrix  

E  
אא Eigenvectors  

אא Electromagnetic force  

אא Element of arc length  

 Equation  

אא Equilibrium  

א Euler equation  

א  Explicit  

אא External force  

F 
אא First order  

 Force  

א Frequency  

אאא Fundamental brackets  

G  
א Gaussian units  

אא General solution  

אא Generalized coordinate  

אא Generalized force  

אאא Generalized momentum  

אאא Generalized velocity  

אא 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  

אא Impulsive force  

אא Inertial reference system  

J  
 Jacobin’s identity  

L  
א Lagrange multipliers  

אאFאE Linear momentum  

 Lorentz force  

M  
אאא Magnetic vector potential  

א Mass  

N  
אא N-degree polynomial   

א Newton’s first law  

 Newtonian mechanics  

א Non- Holonomic constraints  
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אאא Normal coordinates  

א Normalized condition  

 Normalized set  

O  
אא One-dimensional motion  

 Orthogonal matrix  

 Orthogonal set  

 Orthonormal set  

אא Orthonormality condition  

אאא Oscillatory motion  

P  

א Parabola  

 Particle  

אא Period  

אא Phase angle  

א Poisson brackets  

FE Position  

א Potential energy  

א Product rule  

R  
אא Rectilinear motion  

א Restoring force  

אא Rigid bodies  

S  
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S 
אאאא Several dependent variables  

אאאא Simple harmonic motion  

אא Simplistic approach  

אא Simplistic condition  

אאאא Small oscillation  

אאא Spherical coordinate  

אא Stable equilibrium  

 Stationary value  

אא Superposition principle  

 Symmetric matrix  

T  
 Taylor series  

אא Terminal position  

אא Terminal velocity  

אFאE Transformation  

א Turning point  

U 

אא Uniform acceleration  

אא Unstable equilibrium  

V 

אא Velocity  

W 

אא 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. 

  
  


