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 ( Dynamics: )   الداينميك 

 الداينميك ) علم الحركة  ( وهو العلم الذي يتناول حركة الأجسام والقوة المؤثرة عليها . 

                                                                 Dynamics 

 

 

                        Kinematics                                                                  kinetics 

هو العلم الذي يدرس حركة الحبيبة                 هو العلم الذي يدرس العلاقة بين                                                  

للحركة  والاجسام بدون اعتبار القوة المسببة                      الجسم                        الجسم وحركةالقوة المؤثرة على   

التعجيل( السرعة، الازاحة،يعالج العلاقة بين   )يعني                                                                        

 (Dynamics) تاريخ علم الديناميكا

  ، الذي أجرى ملاحظات حول(1642–1564) غاليليو ينُسب بداية الفهم العلمي المنطقي لعلم الديناميكا إلى

 .السقوط الحر، والحركة على سطح مائل، وحركة البندول

وقد   .قوانين الحركة وقانون الجاذبية الكونية  ، فقد استرشد بأعمال غاليليو وصاغ(1727–1642) نيوتن أما 

 أويلر كما قدم علماء آخرون مثل .(Principia) الطبعة الأولى من كتاب برينسيبيا   نشُر عمله الشهير في

(Euler) دالمبيرو (D'Alembert) لاغرانجو (Lagrange)  إسهامات مهمة في علم الميكانيك. 

 (Dynamics) الديناميكا

 .حركة الأجسام تحت تأثير القوى  الذي يدرس  علم الميكانيك   هي فرع من

 :وتنقسم الديناميكا إلى قسمين 

 (Kinematics) الكينماتيكا .1

 (Kinetics) الكينتيكا .2

 (Kinematics) الكينماتيكا

 .الحركة دون النظر إلى القوى التي تسبب هذه الحركة  هي دراسة

 (Kinetics) الكينتيكا

 .تأثير القوى على الأجسام والحركة الناتجة عنها  هي دراسة

 
 تطبيقات الديناميكا

 .الهياكل المتحركة تحليل وتصميم .1

 .لأحمال الصدمات الهياكل الثابتة المعرضة .2

 .الأجهزة الروبوتية .3

 .التوربينات والمضخات  تشغيل وتصنيع .4

 .أنظمة التحكم الآلي .5

 .الصواريخ .6

 .القذائف والمركبات الفضائية .7

 .وغيرها   وسائل النقل البرية والجوية .8
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 المفاهيم الأساسية

 :(Space) الفضاء

 .هو الحيز الهندسي الذي تشغله الأجسام

 :(Time) الزمن

 .هو مقياس تعاقب الأحداث )ويعُتبر مطلقًا في ميكانيكا نيوتن(

 :(Mass) الكتلة

 .مقاومة الجسم لتغيير حالته الحركية هي المقياس الكمي للقصور الذاتي أو

 :(Force) القوة

 .يمارسه جسم على جسم آخر تأثير متجهي هي

 

 (Particle) الجسيم

 .أبعاده مهملة هو جسم

 .غير مهمة في وصف حركته أو تأثير القوى عليه يمكن اعتبار الجسم جسيمًا عندما تكون أبعاده

 (Rigid Body) الجسم الصلب 

 .مقارنة بأبعاده الكلية أو مقارنة بتغير موقعه ككل  تغيرات شكله مهملة هو جسم تكون

 

 (Vector and Scalar) الكميات المتجهة والقياسية

 

 قوانين نيوتن 

 القانون الأول

إذا لم تؤثر عليه قوة محصلة غير   بسرعة منتظمة في خط مستقيم  أو يستمر في الحركة ساكناً   يبقى الجسيم

 .متزنة

 القانون الثاني 

 .ويكون في اتجاهها القوة المحصلة المؤثرة عليه طردياً مع  تسارع الجسيم يتناسب

 

 

 القانون الثالث 

متساوية في المقدار، ومتعاكسة في الاتجاه، وتقع على نفس خط   بين الأجسام المتفاعلة الفعل ورد الفعل قوى

 .التأثير
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 (Units) الوحدات

:في كل من  الوحدات والرموز للكميات الأساسية الأربع في الميكانيك تعُرض

 (SI) النظام الدولي للوحدات•

(U.S. customary system) النظام الأمريكي •

.الجدول التالي  وذلك في

 (g) القيمة القياسية للتسارع الأرضي 

عند مستوى سطح البحر وعند  القيمة القياسية التي تم اعتمادها دولياً لتسارع الجاذبية بالنسبة للأرض الدوّارة

:هي °45خط عرض 

²متر/ثانية 9.80665

أو

²قدم/ثانية 32.1740

:وعملياً تسُتخدم القيم التقريبية التالية

.(SI) النظام الدولي للوحدات في  ²متر/ثانية 9.81 •

 .النظام الأمريكي للوحدات في  ²قدم/ثانية 32.2 •

قيمة تسارع الجاذبية عند مستوى سطح البحر  وهذه القيم تمثل

1 – Kinematics

1. Rectilinear motion .  على خط مستقیم
2. Curvilinear motion .  على خط منحني
3. Rotation . الحرآة الدورانیة

 (  Rectilinear motion)   الحركة الخطية :

         م على خط مستقيم  يوهي حركة الجس

  ABيساوي عدديا ً  المسافة بين   SΔ: هنا في هذا المسار  الخطي فان التغيير في الازاحة   ملاحظة  

Displacement 0 :AS (   الازاحةA   )  موقع الحبيبة ) الجسيم ( في نقطةA بالنسبة للنقطة

Displacement 0 :BS (   الازاحةB  موقع الحبيبة )   في نقطةB   لنقطة  ل مقاسة بالنسبة

AS– BS =SΔالتغيير في الازاحة  

0 A

BS 
ΔSAS

B

 -:(S) الازاحة
The change of the location of the body with respect  to fixed point  

  تغییر موقع الجسم بالنسبة لنقطة ثابتة



t

s
Vav




=

(   Instantaneous velocityوعليه السرعة اللحظية )

)1......(....................lim
0 dt

ds

t

s
V it

t

=



=

→

 التعجیل الخطيa : یعرف على انھ معدل التغییر في السرعة بالنسبة للزمن 

 ( يساوي aحظي)لوعليه فأن التعجيل ال

and 

2

2

dt

sd
a =

(1من معادلة رقم)

V

ds
dt

dt

ds
V ==

 ( نحصل  2نعوض في المعادلة  رقم  )  

v

ds

dv

dt

dv
a ==

t

v
aav




=

)2......(....................lim
0 dt

dv

t

v
a it

t

=



=

→

)3....(..........
ds

dv
va =

السرعة الخطیة V : ھي معدل تغییر الازاحة بالنسبة للزمن .
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0 A

BS 
ΔSAS
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 -:(S) الازاحة
The change of the location of the body with respect  to fixed point  

  تغییر موقع الجسم بالنسبة لنقطة ثابتة



When the Resultant of force acting on a body is zero the body 
either at rest or moving with constant velocity on straight line 

              
      .   

V = constant        a =  0  

sV t        v =       s =          t =  

Second law        

If the resultant of force acting on body is not zero when the body 
move in the direction of resultant with acceleration directly 
proportional to the resultant and inversely proportional to the 
mass of body .   

Ra m

القانون الاول



a =  
R=   
m=    

القوى محصلة كانت ـع   اذا م ـاً طردی یتناسب بتعجیل المحصلة یتحربأتجاه سوف الجسم فأن صفر لاتساوي الجسم على المسلطة
وع الجسمالمحصلة كتلة مع . كسیاً

Third law     

For each action are reactions equal in magnitude and opposite in 
direction.           .  

Rectilinear motion with constant acceleration       
   

-------------------------------------------------------------------------------- 
Let the body moves with constant acceleration (a) from point (A) 
to point (B) which (s) displacement from (A) in a time (t) starting 
with initial velocity (VO) at (A) and reach a final velocity (V) at 
(B) .

S 

         A B 
a=constant 

         VO                                              V 
       )a (    )A (    )B (  

  )s (  )t (    )VO (  
)A (   )V (  )B . (

dsV dt 1 

dva dt 2 

From 1 and  2



dvdsdt dtv a
ds dv
v a
Vdv = ads 3  

From 2 
dv=adt  

tv
dv dt

ovo
v t

v oo
V a t

( V - Vo ) = a ( t – o )  

 V = VO + at A 

From  1  

ds = Vdt  

( )
s

o
ds

t
vo at dt

o
2

2

t
atss v too

o

(s – o ) = vot + 1
2

at2 

S = Vot + 1
2

at2 B      



From   3 
Vdv = ads  

2

2

v s

v o o

sV
oV O

V d v a d s

V a s

22
( )

22
oV a s oV  

2 2

2
oV V as

2 2 2oV V as          V2 = VO
2 + 2as c   

a  (m/sec2) 
t  (sec) 
Vo    (m/sec) 
V              (m/sec) 
S  (m) 



 فأن      Uniform motionالمنتظمة  للحركة   -3
 = السرعة بعد منتصف الوقت الكلي للحركة   avvمعدل السرعة  -ا
 السرعة عند نصف تلك الثانیة    ثانیة =المسافة التي یقطعھا الجسم عند اي -ب
      o ov =سقط الجسم من السكون ایضا ً إذا-4
 قذف الجسم الى الاعلى فان السرعة عند اقصى ارتفاع یصلھ الجسم تساوي صفر   إذا-5
 
 

Ex1: A particle moves in Rectilinear motion according to the relation as  
S=t3-9t2-2. Determine the displacement(s), the velocity (v) and 
acceleration (a) when t= 5sec. 

Sol:   
2 -2t9-3S=t 

At   t=5sec 
2 = 102 m - 2(5)9– 35)= (.'. S 

     نجد مشتقة الإزاحة لنحصل على السرعة    

=3t2-18t at t=5sec 

 

15m/sec -18(5) =    - 2.'. V = 3(5) 
 التعجیل نجد مشتقة السرعة لنحصل على 

a = dv/dt             at   t=5sec   
212m/sec 18 =-'.   a= 6(5) . 

Ex2: A body move in Rectilinear motion with acceleration of (a= -2m/sec2) if 
the velocity = 8m/sec and S=0 when t= 0. Determine V & S when t = 6 sec. 
Sol:  
a = dv/dt 
.'. dv=a.dt  

 بأخذ التكامل للطرفین   

 ∫dv = ∫adt 

V= ∫-2dt   
V=-2t + C1           at t=0→v=8m/sec   
.'.8 = -2(0)+C1  .'. C1 = 8     

 
 6secنجد السرعة عند الزمن  

 
at   t =6 sec   .'.  v=  -2(6) +8) 
    .'.   v=  -4m /sec  

V=-2t + 8

dt
dsv



dt
dsv 

ds=v.dt 
.'. ds = ( -2t +8) dt  

 بأخذ التكامل للطرفین  نحصل على   
∫ds = ∫(-2t+8)dt  
.'. S = ∫-2tdt +∫8dt  

2/2 +8t+C22t-= .'. S  
 2+8t+C 2t-S=  

    أعلاه   في العلاقة نعوض t=0    at S=0السؤال  لكن ھو معطي في 
0 =0+0+C2        →       C2 =0 
S= -t2 +8t  
t=6sec  نجد الازاحة عندما یكون 
S =-(6)2+8(6)    = - 36 + 48 = 12 m 

 أمثلة خاصة بالحركة الخطیة بتعجیل ثابت   
Ex1: A body started from rest with constant acceleration of 4 m/sec2.  

1-Find the velocity and displacement of the body after 10sec from its 
    motion.  
2-Find the distance that the body was traveled when its velocity becomes  
   12 m/sec. 

 Sol :                                          نستخدم المعادلات الخاصة بحالھ الحركة الخطیة بتعجیل ثابت 
 2a= 4m/sec , 0=at vot      .+aoV=v 

1- V=0+4(10)  → V=40m/sec 

 

 

 

ثواني    10المسافة التي یقطعھا الجسم بعد   

 
2-    V2 =Vo2 +2a(S-So)  

(12)2 = 0+2(4) (S-0)   → 144 =8(S) 

12m/s                 mS        عندما السرعة المسافة التي یقطعھا الجسم   18
8

144
 

 
 
 

2
00 2

1 attvss

ms 200)10)(4(
2
100 2



Ex2: The body in fig below has  a constant acceleration   2m/sec   if its start 
from rest , Determine its velocity and position when  t =  5 sec . 
 
Sol  : 
Vo =0   
V= Vo +a.t   at t=5sec 
V =0+2*(5)  =  10 m/sec  

 

  

          مثال على السقوط الحر
   Ex3: A stone is thrown vertically upward from the ground with a velocity 

of 19.6 m/sec. 
1-Find the velocity of the stone after t= 1.5 sec from motion.  
2-Find the time which stone needs to reach the highest elevation. 
3-Find the time which the stone needs to reach the height of  18.37m. 

  Sol:  
1-  V0=19.6m/sec  &  g=9.8m/sec2 

V=Vo-gt  
     V=19.6 -9.8 (1.5)=4.9m/sec 
2-  
V=Vo – g.t 
VB=VA-gt  ,VB=0       (لأنھ أعلى أرتفاع تصل فیھ السرعةالى صفر) 
0= 19.6 -9.8(t) 

.'. 9.8(t) =19.6              sec2
8.9
6.19t    

 

 
 

 
18.37 =19.6 t– 4.9t2  نعید كتابة المعادلة بصورة اخرى لنحصل على 
4.9t2 -19.6t +18.37 =0 

 نحصل على     2نضرب المعادلة × 
9.8t2 – 39.2t + 36.75 =0   
 

mSattvSS 2552
2
100

2
1 22

00

v=? a=2m/sec

t=5sec

0=0S
t=0 t=5sec

0=0V V=?
S=?

1 2 

2)8.9(
2
1)(6.19037.18 tt

2
00 2

1 gttvSS



From   3 
Vdv = ads  

2

2

v s

v o o

sV
oV O

V d v a d s

V a s

22
( )

22
oV a s oV  

2 2

2
oV V as

2 2 2oV V as          V2 = VO
2 + 2as                          c   

a  (m/sec2) 
t  (sec) 
Vo    (m/sec) 
V              (m/sec) 
S  (m) 

Freely fulling bodies         

           ) 
(   )g (  )9.81 m/sec2 (    

     :  
V = Vo + gt 

S = Vot +  1
2

 gt2 

V2= Vo
2 + 2gs  

                      (+)  ) - (
                  .  



 *               )g(
  (+)       )g ( )-. (

         

V=constant    a= constant 

V = VO + at  s
t

V

S = Vot + 1
2

at2 a = 0 

V2 = Vo
2 + 2as 

 

         
) (+)- (

Q/ An automobile   moving at constant velocity     of 
( 15 m/sec) passes a gasoline station    two second later  

 , another automobile      leaves   the gasoline 
station     accelerated at the constant rate     
  of (2m/sec2) , How soon will the second automobile over take 
the first .         

    a= constant 
Gasoline            a=2 m/sec2 over take line
Station    second automobile            t   

V= 15 m/sec 
First automobile            ( t + 2 )  
V= constant 

S   



Second automobile     

a = constant = 2 m/sec2

S = Vot + 12at2

S = 0 + 12*2*t2

S = t2 1 

First automobile    

V = constant = 15 m/ sec  
V = st  

15 = ( 2)
s
t

S = 15t + 30 2 
From  1 and  2  
t2 = 15t + 30  
t2 – 15t – 30 = 0  
Ax2 + Bx + c = 0  

X = 
2 4

2
B B Ac

A
2( 15) ( 15) 4*1*30

2t
15 18.5

2
15 345

2t
33.5

2
15 18.5

2t

      t = 16.72  sec  



Q/ A stone is dropped down the well and (5 sec ) later the sound 
of the splash    is heard .  
If the velocity of sound is (340 m/sec) , what is the depth of the 
well ?  
h =     
5  =     +    
t =      
5 – t =     

Foe the stone       stone 
a = constant = g = 9.81 m/sec2 q 
S = Vot + 12  gt2

h = 0 + 12  * 9.81 * t2 h

h = 4.905 t2 1 sound 

 For the sound   

V = constant = 340 m/sec  
V = st  

340 = 5
h
t

340*5-340t = h  
1700 – 340t = h 2  
h = 1700 – 340 t  
    2 , 1   
4.905 t2 = 1700 – 340 t  
4.905 t2 + 340 t – 1700 = 0  

2 4
2
B ACBt A



 

 

2340 4*4.905* 1700340
2*4.905t  

 
                  t = 4.683 sec 
 

  1   
h = 4.905 * 4.683  
 
                             h = 107 m  
 
  
    16 th week       
Kinetics of rectilinear translation with constant acceleration  

             
            
In rectilinear motion            all part of the body 
       moves in direction   parallel to the line of 
motion       and the displacement   and velocity 
  and acceleration to each part     from the body are 
parallel to the line of motion . always  x-axis       
taken positive    in direction of motion     , so the 
displacement , velocity , acceleration and the components of 
forces   are positive in the direction of motion   
and negative in the opposite direction       and if we 
apply    second law of Newton        so the equation 
is : 

* 0 0Wx a Y zg  

x =      
W =   
g =    
a =     
 

   :    
  







Freely Falling Bodies  

g = 32.2 ft/s2  

g = 9.81 m/s2 

a = g   Or  a = - g 



Ex: a ball is thrown vertically up word from the top of 18 m tower 
with an initial velocity of 12 m/s . Find? 
1) The velocity and displacement at any time. 
2) The highest elevation  
3) The time when the ball reached the ground and the velocity at 

that time.    

1) 
 dv/dt = - 9.81 

 𝑑𝑣
𝑣

12

=  − 9.81 𝑑𝑡
𝑡

0

 

v   =  - 9.81  
v – 12 = - 9.81 t  
v = 12 – 9.81 t           (Instantaneous velocity) 
dy/ dt = 12 – 9.81 t 

 𝑑𝑦
𝑦

𝑦𝑜=0

 =   12 − 9.81𝑡 𝑑𝑡
𝑡

0

 

𝑦 = 12 𝑡 − 
9.81

2
 𝑡2     (Instantaneous displacement) 



2) At highest elevation  
   v = 0 
so   0 = 12-9.81 t     then  t = 1.22 sec 
yat 1.22 = 12 * 1.22 – (9.81/2) * (1.22)2 
          = 7.3 m 
y = 7.3 m     from the top    
y = 7.3 + 18 = 25.3 m   from the ground  
 
3) when the ball hits the ground y = - 18 
-18 = 12 t – 4.905 t2  
4.905 t2 – 12 t – 18 = 0 

𝑡 =  
12 ∓ 122 + 4 ∗ 18 ∗ 4.905

2 ∗ 4.905
 

Then  t = - 10.5 sec  neglected 
 or      t = 3.5 sec   then            vat 3.5 = 12 – 9.81* 3.5 = - 22.3  m/s 











a = constant 

𝑣 
𝑑𝑣

𝑑𝑥
= 𝑎 

 𝑣 𝑑𝑣
𝑣

𝑣𝑜

=  𝑎 𝑑𝑥
𝑥

𝑥𝑜

 

𝑣2

2
   = 𝑎 (𝑥 − 𝑥𝑜)  

 
𝑣2 = 𝑣𝑜

2 + 2 𝑎 (𝑥 − 𝑥𝑜) 





H. W. : 
Chapter 12:    1, 4, 5, 7, 9, 11, 28, 29, 40 
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SOLUTION
a = 2t - 6

dv = a dt

L
v

0

dv = L
t

0

(2t - 6) dt

v = t2 - 6t

ds = v dt

L
s

0

ds = L
t

0

(t2 - 6t) dt

s =
t3

3
- 3t2

When t = 6 s,

v = 0 Ans.

When t = 11 s,

s = 80.7 m Ans.

12–1.

Starting from rest, a particle moving in a straight line has an 

acceleration of a = (2t - 6) m>s2, where t is in seconds. What 

is the particle’s velocity when t = 6 s, and what is its position 

when t = 11 s?

Ans:

s = 80.7 m
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*12–4.

SOLUTION

Velocity: To determine the constant acceleration , set , ,
and and apply Eq. 12–6.

Using the result , the velocity function can be obtained by applying
Eq. 12–6.

Ans.v = A29.17s - 27.7 ft>s

v2 = 32 + 2(4.583) (s - 4)

(:+ ) v2 = v2
0 + 2ac(s - s0)

ac = 4.583 ft>s2

ac = 4.583 ft>s2

82 = 32 + 2ac (10 - 4)

(:+ ) v2 = v2
0 + 2ac(s - s0)

v = 8 ft>ss = 10 ft
v0 = 3 ft>ss0 = 4 ftac

A particle travels along a straight line with a constant
acceleration. When , and when ,

. Determine the velocity as a function of position.v = 8 ft>s
s = 10 ftv = 3 ft>ss = 4 ft

A

Ans:

v = (19.17s - 27.7 ) ft>s
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12–5.

The velocity of a particle traveling in a straight line is given 

by v = (6t - 3t2) m>s, where t is in seconds. If s = 0 when 

t  =  0, determine the particle’s deceleration and position 

when t = 3 s. How far has the particle traveled during the 

3-s time interval, and what is its average speed?

SOLUTION
v = 6t - 3t2

a =
dv

dt
= 6 - 6t

At t = 3 s

a = -12 m>s2 Ans.

ds = v dt

L
s

0

ds = L
t

0

(6t - 3t2)dt

s = 3t2 - t3

At t = 3 s

s = 0 Ans.

Since v = 0 = 6t - 3t2, when t = 0 and t = 2 s.

when t = 2 s, s = 3(2)2 - (2)3 = 4 m

sT = 4 + 4 = 8 m Ans.

(vsp)
avg

=
sT
t
=

8

3
= 2.67 m>s Ans.

Ans:
sT = 8 m

vavg = 2.67 m>s
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12–9.

The acceleration of a particle as it moves along a straight 

line is given by a = (2t - 1) m>s2, where t is in seconds. If 

s = 1 m and v = 2 m>s when t = 0, determine the 

particle’s velocity and position when t = 6 s. Also, 

determine the total distance the particle travels during this 

time period.

SOLUTION
a = 2t - 1

dv = a dt

L
v

2

dv = L
t

0

(2t - 1)dt

v = t2 - t + 2

dx = v dt

L
s

t
ds = L

t

0

(t2 - t + 2)dt

s =
1

3
 t3 -

1

2
 t2 + 2t + 1

When t = 6 s

v = 32 m>s Ans.

s = 67 m Ans.

Since v ≠ 0 for 0 … t … 6 s, then

d = 67 - 1 = 66 m Ans.

Ans:
v = 32 m>s
s = 67 m

d = 66 m
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12–10.

SOLUTION

Ans.v = 1.29 m>s

0.8351 =
1
2
v2

L

2

1

5 ds

A3s
1
3 + s

5
2 B

=
L

v

0
v d

a ds = v d

a =
5

A3s
1
3 + s

5
2 B

A particle moves along a straight line with an acceleration
of , where s is in meters.
Determine the particle’s velocity when , if it starts
from rest when .Use a numerical method to evaluate 
the integral.

s = 1 m
s = 2 m

a = 5>(3s1>3 + s5>2) m>s2

v

v

Ans:
v = 1.29 m>s



 Curvilinear translations of 
body         

In case of moving on straight line             the 
displace velocity and acceleration are in the direction of motion. 
in case of curvilinear motion displacement    velocity    
acceleration has two components      . one parallel to x-
axis and other parallel  to y-axis . Projectile  is sample  
of curvilinear motion.  

Y     vy     v 
           Y

A
Vx  

S          sy 
 

x 
sx 

      
2 2

tan

cos
sin

y

x

x

y

V vx vy

v
v

v v
v v



Y                      ax

ay a 

x

2 2

tan

cos
sin

y

x

x

y

a ax ay

a
a

a a
a a

   Flight of projectile Air resistance neglected  
              

Y

    

B 
             Voy vo V      VX=V

VY =0 

C       X 
0       VOX 

SyD D 

SxD 



1. Air resistance neglected      
2. projectile moving in vacuum         
3. wind velocity and rotation of projectile neglected     

   
4. Let the path   of projectile    be given by the curve

  ( O , B , C , D ) .
5. let the initial velocity of projectile is ( Vo )           

 Vo                                                       
6. the only force    acting on projectile  . 

Is its weight its total acceleration      at all position   
    is due to gravity and directed   vertically down 
ward    with value ( g= 9.81 m/sec2 ) . 
ax = 0             ay = -- g   

In stead of considering   the actual path     of projectile 
we combine its simultaneous projection up on the 
 ( x-axis) and (y-axis) . the equation of these rectilinear 
components      of the path are found by substituting 
  the ( x ) and ( y ) components of (s) , (v) and (a) in the 
equation   for rectilinear motion with constant acceleration 
         .  



As shown    in a compiling table    

Rectilinear motion 
constant  acceleration 

X – component of 
flight 

y- components of
flight   

V = VO + at

VX = Vox + axt 

Vx = Vo cos  

Vy = Voy + ayt 

Vy = Vo sin - gt  

S = Vot + 1
2

at2 

Sx = Voxt + 1
2

axt2

Sx = Vo cos t 

Sy = Voyt + 1
2

ayt2

Sy = Vo sin t - 1
2

gt2



Curvilinear Motion 
The motion a long a path other than a straight line is called a curvilinear motion 

Displacement : 
 
In x-direction  :  x = f(t) 
 
In y-direction :  y = g(t) 
 r2=x2+ y2  
 θ=tan-1 y/x 
 
r> displacement from o is called the position vector. 
 
 
 

 
 



Velocity : 
 
In x-direction  ݒ௫ = ݐ݀ݔ݀  =  ᇱݔ 
In y-direction ݒ௬ = ݐ݀ݕ݀  =  ᇱݕ 
வݒ  = ௫வݒ  + ;   ௬வݒ  ݒ              = ௫ଶݒ  +    ௬ଶݒ 
ߠ  = ଵି݊ܽݐ  ௫ݒ௬ݒ   = ଵି݊ܽݐ  ݔ݀ݕ݀



Acceleration : ܽ௫ = ݐ௫݀ݒ݀  =  ݀ଶݐ݀ݔଶ =  ᇱᇱݔ
 ܽ௬ = ݐ௬݀ݒ݀  =  ݀ଶݐ݀ݕଶ =  ᇱᇱݕ
 ܽவ =  ܽ௫வ +  ܽ௬வ    ;         ܽ =  ܽ௫ଶ + ܽ௬ଶ  

ߠ  = ଵି݊ܽݐ  ݀ଶ݀ݕଶݔ 



Ex: A particle is moving along a curve such that  x=(t+1)2 and y=(t+1)-2 ( x and y in  m,  t 
in sec). Find  v and a  at   t = 1 sec. 

Vx = dx/dt = x'= 2(t+1) 
 
Then       ax =  2 
 
Vy = dy/dt = y'= -2 (t+1)-3 

 
Then          ay= 6 (t+1)-4 

 
at t = 1 sec 
vx = 2(1+1) = 4  m/s 
 
 vy = -2 (1+1)-3= - 1/4   m/s 
 

v = 4ଶ + (ିଵସ )ଶ     , v = 4 m/s 

 
Ɵ = tan-1 dy/dx =  tan-1 1/16 = 3.75o 

ax = 2 m/s2 

 ay = 6 (1+1)-4=  3/8   m/s2 

a = 2ଶ + (ଷ଼)ଶ     , v = 2 m/ s2 

Ɵ = tan-1 d2 y/d2 x =  tan-1 3/16 = 10.62o 

  



Ex: If x = 5t3 and y = 4t2 at time t, find the magnitude and direction of the velocity 
when t = 10. 

x = 5t3  So    dx/ ​dt ​​ ​​=15t ​2​​ 

At t = 10, the velocity in the x-direction is given by: 

  ​dx/dt ​​= v​x ​​=15(10) ​2​​=1500 m/s​ 

Also, y = 4t2   so the velocity in the y-direction is: 

  ​ dy/dt ​​ = 8t 

When t = 10, the velocity in the y-direction is: 

dy/dt ​​= v ​y ​​=8(10)=80 m/s​ 

So the magnitude of the velocity will be:  

v=√​(v ​x​​) ​2​​+(v​y​​)​2​​​​​=√​1500 ​2​​+80 ​2​​​​​=1502.1 m/s ​ 

Now for the direction of the velocity (it is an angle, relative to the positive x-axis): 

tan θ​v ​​=​ ​​​​v​y/ v​x  So  θ​v​​= 3.05​∘​​. 









Motion of a Projectile  
When air resistance is neglected, the only force acting on the projectile is its 
weight, which causes the projectile to have a constant downward acceleration 
of: 

ac= g = 9.81  m/s2   or  g = 32.2 ft/s2 



In x-direction : 

Neglecting air resistance  ax = 0 

Vx = constant = Vox = Vo  cos α 

X = Xo + V t  

X = Vo cos α t      ( when xo = 0 ) 

In y-direction : 

ay = - g 

V = Vo + a t 

y = y0 + Vo t + ½ a t2 

V2 = Vo
2 + 2 a ( y – yo ) 

When the  yo = 0  then the equation will 

be: 

Vy = Vo sin α – g t 

y = Vo sin α t – ½ g t2 

Vy
2 =  (Vo sin α)2 – 2 g y  



X= 20 ft ,  α = 30o , Vo= 25 ft/s , a =  - 32.2 ft/s2 

X= Vo cos α t  

20 = 25 cos 30  t      then     t = 0.9238 sec    (زمن السقوط ) 

y = Vo sin α t – ½ g t2 

  = 25 sin 30 * 0.9238 – ½ * 32.2 * 0.92382 

Then y = - 2.19 ft  

    h = 4 – 2.19    

       = 1.81    ft 



α = 30o ,  y = -1 m ,  t = 1.5 sec 

x= R = ?  ,  hmax = ? ,  Vy = ? 

y = Vo sin α t – ½ g t2  

-1 = Vo sin 30 * 1.5 – ½ * 9.81 * 1.52 

  Then   Vo = 13.382   m/s 

X = Vo sin α t  

R = 13.382 cos 30 * 1.5       

Then    R = 17.384  m 

ymax    at  Vy = 0 

 Vy
2=  (Vo sin α )2 – 2 g ymax 

0 = (13.382 sin 30)2 – 2 * 9.81 * ymax  

Then     ymax = 2.282    m 

 hmax = 2.282 + 1  

       = 3.282    m 



Ex: a projectile is shot with an initial velocity of  800 ft/s  at a target B located 2000 ft 
above the gun A and at a horizontal distance 12000 ft . Neglect air resistance, 
determine firing angle α : 

X = 800 cos α t 
12000 = 800  cos α t 
t = 15/ cos α      ------(1) 
y = 800 sin α t – ½ * 32.2 t2 
at point B     2000 = 800 sin α t – 16.1 t2  -----(2) 
equ. (1) in (2) 
2000= 800 sin α  (15/cos α) – 16.1 (15/cos α)2 
2000= 800 * 15 tan α – 16.1 * 152 . sec2 α 
2000= 800 * 15 tan α – 16.1 * 152 . (1+ tan2α) 
3622 * tan2α – 12000 tan α + 5622 = 0 
  tan ∝ =  12000 ∓  12000ଶ − 4 ∗ 5622 ∗ 36222 ∗ 3622  
  
Tan α = 1.565  then α = 29.5o   
Or  
Tan α = 2.75  then α = 70o 



When the Resultant of force acting on a body is zero the body 
either at rest or moving with constant velocity on straight line 

              
      .   

V = constant        a =  0  

sV t        v =       s =          t =  

Second law        

If the resultant of force acting on body is not zero when the body 
move in the direction of resultant with acceleration directly 
proportional to the resultant and inversely proportional to the 
mass of body .   

Ra m
     :    



 

 

a =                                             
R=   
m=    

القوى محصلة كانت ـع   اذا م ـاً طردی یتناسب بتعجیل المحصلة یتحربأتجاه سوف الجسم فأن صفر لاتساوي الجسم على المسلطة
وع الجسمالمحصلة كتلة مع . كسیاً

Third law     
 
  
For each action are reactions equal in magnitude and opposite in 
direction.           .  
 
Rectilinear motion with constant acceleration       
                                                                                 
-------------------------------------------------------------------------------- 
Let the body moves with constant acceleration (a) from point (A) 
to point (B) which (s) displacement from (A) in a time (t) starting 
with initial velocity (VO) at (A) and reach a final velocity (V) at 
(B) .   

  
 
                                                    S 
                                                                                                        

  
         A                                              B 
                           a=constant 
         VO                                              V 

       )a (    )A (    )B (      
  )s (  )t (    )VO (  

)A (   )V (  )B . (  
dsV dt                  1 

 
dva dt                      2 

From 1 and  2 
     :    



 

 

dvdsdt dtv a
 

ds dv
v a  

Vdv = ads                        3  
 
From 2 
dv=adt  
 

tv
dv dt

ovo
 

 
v t

v oo
V a t  

( V - Vo ) = a ( t – o )  
 
 V = VO + at                          A 
 
From  1  
 
ds = Vdt  
 

( )
s

o
ds

t
vo at dt

o
           

2
2

t
atss v too

o
 

 

(s – o ) = vot + 1
2

at2 

S = Vot + 1
2

at2                    B      

     :    



From   3 
Vdv = ads  

2

2

v s

v o o

sV
oV O

V d v a d s

V a s

22
( )

22
oV a s oV  

2 2

2
oV V as

2 2 2oV V as          V2 = VO
2 + 2as c   

a  (m/sec2) 
t  (sec) 
Vo    (m/sec) 
V              (m/sec) 
S  (m) 



Energy & work 

Definition of Work: 
  In physics, a force is said to do work if, when acting on a body, there is a 
displacement of the point of application in the direction of the force. 
Units: 
 
The SI unit of work is the joule (J) 
N . m = J 
1 Ib . ft = 1.356 J 
 
The work U done by a constant force of magnitude F on a point that 
moves a displacement S is:  

                                  U = F . S 

http://en.wikipedia.org/wiki/Physics
http://en.wikipedia.org/wiki/Force
http://en.wikipedia.org/wiki/Joule


Work of Constant Force: 

 The constant force Fc that acts on the body, which 
produces a displacement S, can be explained as work 
equation: 
 

                           U = ( F cos Ɵ ) S 



Work of a Weight: 

        U = W .  ∆y      



Work of a Spring Force: 
 
The spring force is       F = - K . S 

            

 𝑼 =  − 
𝟏

𝟐
( 𝑲 𝑺𝟐

𝟐 − 𝑲 𝑺𝟏
𝟐 ) 

 𝑼 =  − 
𝟏

𝟐
 𝑭𝟐 − 𝑭𝟏 ∆𝒔 







Kinetic Energy of a Particle, Principle of Work and Energy 

Kinetic energy is defined in expression of 
 

  𝑻 =  
𝟏

𝟐
 𝒎𝒗𝟐 

Unit  

𝐾𝑔.
𝑚

𝑠

2
=  

𝐾𝑔 .𝑚

𝑠2   .  𝑚 = 𝑁 . 𝑚 = 𝐽    

 OR                                          = Ib . ft 
Then the work and energy of a particle moves from point 1 to 
point 2 can be express by the equation: 
 
                            U = T2 – T1   
The work and energy also can be written as 
 
                            T1 + ∑U = T2   





H. W. :  Chapter 14:   1, 6, 7, 8, 10 
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14–1.

SOLUTION
Equation of Motion: Since the crate slides, the friction force developed between the
crate and its contact surface is . Applying Eq. 13–7, we have

Principle of Work and Energy: The horizontal component of force F which acts
in the direction of displacement does positive work, whereas the friction force 

does negative work since it acts in the opposite direction 
to that of displacement. The normal reaction N, the vertical component of force F
 and the weight of the crate do not displace hence do no work. Applying Eq.14–7,
we have

Ans.v = 10.7 m s

-
L

25 m

15 m
36.55 ds =

1
2

(20)v2

1
2

(20)(8 2) +
L

25 m

15 m
100 cos 30° ds

T1 +
a

U1 - 2 = T2

Ff = 0.25(146.2) = 36.55 N

N = 146.2 N

+ c
a

Fy = may ; N + 100 sin 30° - 20(9.81) = 20(0)

Ff = mkN = 0.25N

30°

F
The 20-kg crate is subjected to a force having a constant 
direction and a magnitude F = 100 N. When s = 15 m, the 
crate is moving to the right with a speed of 8 m/s. Determine 
its speed when s =  25 m. The coefficient of kinetic friction 
between the crate and the ground is mk  = 0.25. 

Ans:
v = 10.7 m>s
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*14–4.

The 100-kg crate is subjected to the forces shown. If it is 

originally at rest, determine the distance it slides in order to 

attain a speed of v = 8 m>s. The coefficient of kinetic 

friction between the crate and the surface is mk = 0.2.

SOLUTION
Work. Consider the force equilibrium along the y axis by referring to the FBD of 

the crate, Fig. a,

+ cΣFy = 0; N + 500 sin 45° - 100(9.81) - 400 sin 30° = 0

N = 827.45 N

Thus, the friction is Ff = mkN = 0.2(827.45) = 165.49 N. Here, F1 and F2 do positive 

work whereas Ff   does negative work. W and N do no work

UF1
= 400 cos 30° s = 346.41 s

UF2
= 500 cos 45° s = 353.55 s

UFf
= -165.49 s

Principle of Work And Energy. Applying Eq. 14–7,

T1 + ΣU1-2 = T2

0 + 346.41 s + 353.55  s + (-165.49 s) =
1

2
 (100)(82)

 s = 5.987 m = 5.99 m Ans.

400 N

30�

45�

500 N

Ans:
s = 5.99 m
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14–6.

When the driver applies the brakes of a light truck traveling 

40 km>h, it skids 3 m before stopping. How far will the truck 

skid if it is traveling 80 km>h when the brakes are applied?

SOLUTION

40 km>h =
40(103)

3600
= 11.11 m>s       80 km>h = 22.22 m>s

T1 + ΣU1-2 = T2

1

2
m(11.11)2 - mk mg(3) = 0

mk g = 20.576

T1 + ΣU1-2 = T2

1

2
m(22.22)2 - (20.576)m(d) = 0

d = 12 m Ans.

Ans:
d = 12 m



Principle of Linear Impulse and Momentum 

Momentum: is a vector quantity that is the product of the mass and 
the velocity of an object or particle.  (Momentum: is mass in motion) 
 The unit of momentum is (kg.m/s).  

p = m * v 

p = momentum 
m = mass 
v = velocity 



Impulse:  is a term that quantifies the overall effect of a force acting over 
time. It is conventionally given the symbol  I  and expressed in Newton-seconds. 
For a constant force,  

I=F. Δt 

Impulse of a force from time t1 to t2: The integral of the force over the time interval 
of concern is its impulse. The impulse of a force is a vector given by the integral 



The Momentum-Impulse Theorem: 
  
states that in order to change the momentum of an object, one must exert an 
impulse 

(change in momentum)    =  (impulse) 
p final    -   p initial    =  (force) * (time) 

m*v final    -  m*v initial     =  (force) * (time) 



If each of the vectors is resolved into its x, y components, we can write the 
following two scalar equations of linear impulse and momentum. 
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15

The 100-kg crate shown in Fig. 15–5a is originally at rest on the smooth 

horizontal surface. If a towing force of 200 N, acting at an angle of 45°, is 

applied for 10 s, determine the final velocity and the normal force which 

the surface exerts on the crate during this time interval.

SOLUTION
This problem can be solved using the principle of impulse and 

momentum since it involves force, velocity, and time.

Free-Body Diagram. See Fig. 15–5b. Since all the forces acting are 

constant, the impulses are simply the product of the force magnitude 

and 10 s [I = Fc(t2 - t1)]. Note the alternative procedure of drawing 

the crate’s impulse and momentum diagrams, Fig. 15–5c.

Principle of Impulse and Momentum. Applying Eqs. 15–4 yields

( S+ ) m(vx)1 + �L
t2

t1
Fx dt = m(vx)2

  0 + 200 N cos 45�(10 s) = (100 kg)v2

 v2 = 14.1 m>s Ans.

( + c ) m(vy)1 + �L
t2

t1
Fy dt = m(vy)2

 0 + NC(10 s) - 981 N(10 s) + 200 N sin 45�(10 s) = 0

 NC = 840 N Ans.

NOTE: Since no motion occurs in the y direction, direct application of 

the equilibrium equation �Fy = 0 gives the same result for NC . Try to 

solve the problem by first applying �Fx = max, then v = v0 + ac t. 

EXAMPLE   15.1

45�

200 N

(a)

y

x

(b)

v

NC

45�

200 N

981 N

200 N (10 s)

=

(c)

NC (10 s)

(100 kg) v2
+

981 N (10 s)

45�

Fig.15–5 



 15.2 PRINCIPLE OF LINEAR IMPULSE AND MOMENTUM FOR A SYSTEM OF PARTICLES 243

15

The 25-kg crate shown in Fig. 15–6a is acted upon by a force having a 

variable magnitude P = (100t) N, where t is in seconds. Determine the 

crate’s velocity 2 s after P has been applied. The initial velocity is 

v1 = 1 m>s down the plane, and the coefficient of kinetic friction 

between the crate and the plane is mk = 0.3.

SOLUTION
Free-Body Diagram. See Fig. 15–6b. Since the magnitude of force 

P = 100t varies with time, the impulse it creates must be determined 

by integrating over the 2-s time interval. 

Principle of Impulse and Momentum. Applying Eqs. 15–4 in the  

x direction, we have

( +b ) m(vx)1 + �L
t2

t1
Fx dt = m(vx)2

(25 kg) (1 m>s) + L
2 s

0
100t dt - 0.3NC (2 s) + (25 kg)(9.81 m>s2) sin 30�(2 s) = (25 kg)v2

 25 + 200 - 0.6NC + 245.25 = 25v2

The equation of equilibrium can be applied in the y direction. Why?

+a�Fy = 0; NC - 25(9.81) cos 30� N = 0

Solving,

  NC = 212.39 N

  v2 = 13.7 m>s b Ans.

NOTE: We can also solve this problem using the equation of motion. 

From Fig. 15–6b,

+b�Fx = max; 100t - 0.3(212.39) + 25(9.81) sin 30� = 25 a

 a = 4t + 2.356

Using kinematics

+bdv = a dt;  L
v

1 m>s 
dv = L

2 s

0
(4t + 2.356)dt

  v = 13.7 m>s Ans.

By comparison, application of the principle of impulse and momentum 

eliminates the need for using kinematics (a = dv>dt) and thereby yields 

an easier method for solution.

EXAMPLE   15.2

P

v1 � 1 m/s

30�

(a)

y

x

30�

NC

F � 0.3 NC

25(9.81)N

P � 100t

(b)

v

Fig. 15–6 


