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 يٍ دراست يبدة : انهذف

 

 

تمكين المهندسين من تحليل  الهدف من دراسة الميكانيك الهندسي هو
وتصميم وتصنيع وتطوير الأنظمة والآلات والمعدات الميكانيكية 

، وخاصة قوانين يركز هذا المجال على تطبيق مبادئ الفيزياء. المختلفة
يهدف . الحركة والقوة والطاقة، لفهم كيفية عمل الأشياء وكيفية تحسينها

المهندسون الميكانيكيون إلى إنشاء تقنيات تلبي الاحتياجات البشرية، من 
خلال تصميم وتصنيع منتجات وخدمات مبتكرة وفعالة في مختلف 

 .االمجالات مثل الطاقة، والنقل، والرعاية الصحية، وغيره
 

 

 

 انفئت انًستهذفت 
 

 طٍثح اٌصف الاٚي /لسُ اٌرم١ٕاخ ا١ٌّىا١ٔى١ح 

 

 انتقُيبث انتربىيت انًستخذيت :

 

 سثٛسج ٚاللاَ -1

 اٌسثٛسج اٌرفاػ١ٍح  -2

 Data showػاسض اٌث١أاخ  -3

 Laptopجٙاص حاسٛب ِحّٛي  -4
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Mechanics define:- 

Mechanics is the physical science that deals with the behavior of bodies 

under the influence of forces. 

 

Mechanics can be divided into: 

 

1. Rigid-body Mechanics 

2. Deformable-body Mechanics 

3. Fluid 

 

 

Rigid-body Mechanics deals with 

- Statics – Equilibrium of bodies; at rest or moving with constant velocity 

- Dynamics – Accelerated motion of bodies. 

 

Basic Quantities 

 Length - locate the position of a point in space 

 Mass - measure of a quantity of matter 

 Time - succession of events 

 Force - any action which change or try to change the shape ,volume 

or the motion of a body. 

 Particle - has a mass and size can be neglected 

 Rigid Body - a combination of a large number of particles 

 Concentrated Force - the effect of a loading 
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Physical Quantities is classified to:- 

 

1. Scalar quantities :have only magnitude(mass ,volume) 

2. Vector quantities :have both magnitude and direction(couple,force) 

 

Classification of forces : 

 

1. Collinear 

 

2. Parallel forces 

 

 

 

3. Concurrent forces 
 

 

4. Non parallel , non -concurrent forces 

 

 

 

Newton’s Laws of Motion 

 

 

•  First Law - A particle originally at rest, or moving in a straight line 

with constant velocity, will remain in this state provided that the particle 

is not subjected to an unbalanced force. 

 



Engineering Mechanics 
Lec 1 

Southern Technical University 
Technical Institute Of Amara 

8 
 

 

 

•  Second Law - A particle acted upon by an unbalanced force F 

experiences an acceleration a that has the same direction as the force and 

a magnitude that is directly proportional to the force. 

 

 

 

 

 

 

•  Third Law - The mutual forces of action and reaction between two 

particles are equal and, opposite and collinear. 

 

 

 

 

 

 

Unit Measurement 

1- SI 

The International System of Units (abbreviated as SI, from the French 

System international) is the modern form of the metric system, and is the 

most widely used system of measurement.  (g = 9.81 m/s
2
) 

2- U.S customary 

United States customary units are a system of measurements commonly 

used in the United States. The United States customary system developed 

from English units which were in use in the British Empire before the 

U.S. became an independent country. (g = 32.2 ft/s
2
) 

https://en.wikipedia.org/wiki/French_language
https://en.wikipedia.org/wiki/Metric_system
https://en.wikipedia.org/wiki/System_of_measurement
https://en.wikipedia.org/wiki/Units_of_measurement
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/English_units
https://en.wikipedia.org/wiki/British_Empire


Engineering Mechanics 
Lec 1 

Southern Technical University 
Technical Institute Of Amara 

9 
 

 

 

 

 
 

 Resultant the vector : 

The resultant force is the force which can replace the original system 

without changing its external effects on rigid bodies .There are two 

methods for founding the resultant force:- 

1- Parallelogram law. 

The parallelogram of forces is a method for solving the results of 

applying two forces to an object. 
 

Figure 1: Parallelogram construction for adding vectors 

https://en.wikipedia.org/wiki/Parallelogram
https://en.wikipedia.org/wiki/Force
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2- Trigonometry. 

Triangle law of forces states that, If two forces acting at a point are 

represented in magnitude and direction by the two adjacent sides of a 

triangle taken in order, then the closing side of the triangle taken in the 

reversed order represents the resultant of the forces in magnitude and 

direction. 

 

Procedure for Analysis 

 Redraw half portion of the parallelogram 

 Magnitude of the resultant force can be determined by the law of 

cosine 

 Direction if the resultant force can be determined by the law of sine 

 Magnitude of the two components can be determined by the law of 

sine 
 

 

 

Cosine law:- 

C = 

Sine law:- 

A B C 

= = 

sin a sin b sin c 

A
2
 +B

2
 – 2AB cos c 
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150 N 

10° 

a° 
100 N 

15° 

115° 

𝛽 a° 

15° 

Ex1  

The screw eye in Fig. below is subjected to two forces,F1 and F 2. 

Determine the magnitude and direction of the resultant force. 

 

 

Solution:- 
 

a- Parallelogram b- Trigonometry 

 

 

 

R= 

R = 100
2
 +150

2
 – 2*100*150 cos (115° ) 

R= 213 N 

A
2
 +B

2
 – 2AB cos c 
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Sine law:- 

A R 150 213 

=  = 

sin a sin c sin a sin (115°) 

a° = 40 

direction R measured from the horizontal. Is 

β° =40° + 15° = 55° 

Ex 2 

Resolve the horizontal 600-lb force in Fig below into two components 

acting along the u and v axes and determine the magnitude of these 

components. 
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Ex 2 

Resolve the horizontal 600-lb force in Fig below into two components 

acting along the u and v axes and determine the magnitude of these 

components. 

 

SOL:- 

 

 
u 

30° 

c= 30° 

B 
30° 120° 

30° 
R 

v 

B 

A 
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60° 

75° 

F1 FR F2=200 Ib 

30° 

Sine law:- 

A R A 600 Ib 

=  = 

sin a sin c sin (120°) sin (30°) 

A = 1039 Ib 

B R B 600 Ib 

=  = 

sin a sin c sin (30°) sin (30°) 

A = 600 Ib 

Ex 3 

Determine the magnitude of the component force F in Fig. below and the 

magnitude of the resultant force FR if FR is directed along the positive y 

axis. 

y 
 

 

X 
 

 
SOL:- 

Sine law:- 

F1 F2 F1 200 

=  = 

sin a sin b sin (60°) sin (45°) 

F1 = 244 Ib 

F2 FR 200 FR 

=  = 

sin b sin c sin (45°) sin (75°) 

FR = 273 Ib 

45° 
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H.W 

1- It is required that the resultant force acting on the eyebolt in Fig. below 

be directed along the positive x axis and that F2 have a minimum 

magnitude. Determine this magnitude the angle 𝜃, and the corresponding 

resultants force. 

 

2- Determine the magnitude of the resultant force acting on the screw eye 

and its direction measured clockwise from the x axis. 

 

 

 

3- Two forces act on the hook. Determine the magnitude of the resultant 

force. 
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Rectangular Components 

 

 
(+fy) 

 

 

 

 

 

fx = F sin 𝜃° 

fy = F cosine θ° 

F = 

 
𝜃 = tan

-1
 (𝑓𝑦) 
𝑓𝑥 

(+fx) 

 

 

 

 

 

 

 

 

 

+ + 

note :- fy = - fx = -  

 

 

Moment of force 

Define :- the product of the magnitude of the force by the perpendicular 

distance (arm) from the point to the action line of the force. It’s units are 

N.m, lb. ft, ect. 

 

 

 

Mo = f . d 
 

 

Varignon's theorem:- 
that the moment of a resultant of two concurrent forces about any point is 

equal to the algebraic sum of the moments of its components about the 

same point. 

fx
2
 +fy

2
 

https://en.wikipedia.org/wiki/Torque
https://en.wikipedia.org/wiki/Euclidean_vector#Addition_and_subtraction
https://en.wikipedia.org/wiki/Algebraic_sum
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Y 

30° F=30 kN 

10 m 

 

 

 

 

 

 

 

MA = MA
fx
 + MAfy 

 

Note:- moment its (-) value ,if the force rotates clockwise. 

moment its (+)value ,if the force rotates counter clockwise 

 

 

 

Ex :- Find the moment of force (f) about point (A) as shown in the 

following figure below. 

 

 

 

A X 

30 m 

 

 

Sol:- 

fx = F sin 30° 

= 30 sin 30° 

= 15 kN A 

fy = F cosin 30° 30 m 

= 30 cosin 30° 

= 25.9 kN 

fy 

30° F=30 kN 

fx 

10 m 
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MA = MA
fx
 + MAfy 

= fx * ry + fy * rx 

= - (15 * 10) + 25.9 * 30 
= 627 kN.m 

Another method? 
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Moment of force 

Define :- the product of the magnitude of the force by the perpendicular 

distance (arm) from the point to the action line of the force. It’s units are 

N.m, lb. ft, ect. 

 

 

 

Mo = f . d 
 

 

Varignon's theorem:- 
that the moment of a resultant of two concurrent forces about any point is 

equal to the algebraic sum of the moments of its components about the 

same point. 

 

 

 

 

 

 

MA = MA
fx
 + MAfy 

 
Note:- moment its (-) value ,if the force rotates clockwise. 

moment its (+)value ,if the force rotates counter clockwise 

 

https://en.wikipedia.org/wiki/Torque
https://en.wikipedia.org/wiki/Euclidean_vector#Addition_and_subtraction
https://en.wikipedia.org/wiki/Algebraic_sum
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Y 

30° F=30 kN 

10 m 

Ex 1:- Find the moment of force (f) about point (A) as shown in the 

following figure below. 

 

 

 

A X 

30 m 

 

 

Sol:- 

fx = F sin 30° 

= 30 sin 30° 

= 15 kN A 

fy = F cosin 30° 30 m 

= 30 cosin 30° 

= 25.9 kN 

MA = MA
fx
 + MAfy 

= fx * ry + fy * rx 

= - (15 * 10) + 25.9 * 30 
= 627 kN.m 

Another method? 

Ex 2 

Calculate the magnitude of the moment about the base point O of the 

600-N force. 

 

fy 

30° F=30 kN 

fx 

10 m 
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y 

50 N 

2 2 

60 N X 

O 30° 

3 
a b 20 N 

40 N 

 

sol :- 

 

 

Replace the force by its rectangular components at A, 

F1 = 600 cos (40) = 460 N, 

F2 = 600 sin (40) = 386 N 

By Varignon's theorem, the moment becomes 

MO = 460 *(4) + 386 *(2) = 2610 N.m 

 

 

Ex 3 

Determine the rcsu1tant moment of the four forces acting on the rod 

shown in Fig. below about point 0 . 

 

 

 
,sol :- 

 
 
 

 
a 3 

30° 

b 

Mo = -( 50 * 2) + ( 60 * (0) ) + ( 20 * a ) - ( 40 * ( b + 4) ) 
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𝑏 
cos 30 = 

3 
b = 2.59 

𝑎 
sin 30 = 

3 
a = 1.5 

Mo = -( 50 * 2) + ( 60 * (0) ) + ( 20 * 1.5 ) - ( 40 * ( 2.59 + 4) ) 

Mo = - 333.6 N.m 
 
 
 

 

Moment of a Couple 

 ) الازدواج عسو( 
A Couple is defined as two parallel forces that have the same magnitude. 

but opposite directions. and arc separated by a perpendicular distance (d). 

Fig. below. 

 

Mo = -F * a + F ( a+ d ) 

= -F*a + F*a + F * d 

= F * d 

MB = F * d + F ( d – b ) 

= F * b + F * d – F * b 

= F * d 
Mc = F*d 
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Ex1:- 
Determine the moment of the couple shown in figure about the axis 

through Points A,B,D. 

 

 

 

 

D 

 
 

 
Sol:- 

Mc(A)=1000× 40+1000× 40 = 80000 N.Cm 

Mc(B)=1000× (40+40) = 80000 N.Cm 

Mc(D)=1000× (40+40+50)-1000× 50 = 80000 N.Cm 

 

 

Ex 2 Determine the resultant couple moment of the three couples acting 

on the plate in Fig. below. 

 

 

 

 

 

 

 

 

 

 

Sol:- 

MR = - M1 + M2 - M3 

= -(200 * 4) + ( 450 * 3) – (300 * 5) 

= -800+1350-1500 

MR = -950 Ib.ft (clockwise ) 
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Equivalent Couples. 

 )انًتكبفئ الازدواج عسو(
If two couples produce a moment with the same magnitude and direction 

then these two couples are Equivalent For example. The two couples 

shown in Fig, below are Equivalent because each couple moment has a 

magnitude of M = 30 N* 0.4 m = 40 N*O.3 m = 12 N· m 

 

 

 

 

Ex 4: 
Replace the following couples shown in figure by a single couple 

its forces effects horizontally at points B,D. 

Sol:- 

Mc=-200× 20+100× 30+50× 40 

=1000N.Cm 

Mc=F . d 

1000=F × 20 

F=50N 
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Resultant Non-Concurrent Coplanar Forces 

 )اٌّسرٜٛ ٔفس فٟ اٌٛالؼح ِرلال١ح اٌغ١ش اٌمٜٛ ِحصٍح(

 

1- Resolve the forces in to x and y compent 

2- Rx = ∑ Fx 

3- Ry =∑ Fy 

4- R = 

5- 𝜃 = tan
-1

 (𝑅𝑦) 
𝑅𝑥 

6- MO = ∑M 

7- MO = R * d  d = 
M𝑂 

𝑅 

 

 
Ex1 :- 

Determine the resultant of the four forces and one couple which act on 

the plate shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sol :- 

Rx=∑ Fx=40 +80 cos(30) – 60 cos(45)= 66.9 N 

Ry=∑ Fy=50 +80 sin(30) +60 sin(45)= 132.4 N 

60 sin 45 

 
60 cos 45 

 
 

 
60 cos 30 

Rx
2
 +Ry

2
 

60 sin 30 
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R = Rx

2
 +Ry

2
 

R = 66.9
2
 +132.4

2
 = 148.3 N 

𝜃 = tan
-1

 (𝑅𝑦) 
𝑅𝑥 

 

𝜃 = tan
-1

 (132.4 𝜃 = 63.2° 
66.9 

MO = ∑M 

MO = 140 - 50*5 + 60 cos(45) *4 -60 sin (45) *7 = -237 N.m 

MO = R * d 
 

237 = 148.3* d d = 237 
148.3 

=1.6 m 

 

 

) 
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300 a 

320 cos (60) 

320 sin (60) 

 

Ex 2:- 

If the resultant of the two forces and couple M passes through point O, 

determine the resultant (R)and M. 

 

 

 

Sol :- 

sin 30 = 𝑎 
300 

cos 30 = 𝑏 
300 

cos 30 = 𝑐 
300 

 

 
a = 300 * sin 30 = 150 mm 

 

b = 300 * cos 30 = 259.8 mm c b 

c = 300 * cos 30 = 129.9 mm 

 

Rx=∑ Fx =320 cos(60) = 160 N 

Ry=∑ Fy = -400 - 320 sin(60) = -677 N 
 

 

R = 

R = 

 

= 695.65 N 

For the resultant to pass through O the moment about O must be zero. 

∑MO =0 

 

 

MO= M- 400*129.9 -320 cos(60) *150-320 sin(60) *259.8 =0 

M = -147957 N.mm = 148 N.m 

Rx
2
 +Ry

2
 

160
2
 +(-677)

2
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Ex 3:- 
Determine the resultant of the forces and the couple shown in 

figure and locate it with respect to point (A). 

 

 
Sol :- 

Rx =250 * 3/5 - 520 * 12/13 - 400 

=-730 N=730N  

Ry=250 * 4/5 – 520 * 5/13 = 0 

R = Rx
2
 +Ry

2
 

R = (-730)
2
 +(0)

2
 = -730 N 

 

R=730 N 

R * d= ΣMa 

730 * d=-250 * 3/5 * 30+400 * 30 - 520 * 5/13 * 40+ 2700 

d =3 Cm 

R 

d 

A 
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Equilibrium 
 ) نتىازٌا (

 
When a body is in equilibrium, the resultant of all forces acting on it is 

zero. Thus, the resultant forces Rx, Ry and the resultant moment M are 

both zero, and we have the equilibrium equations. 

Three equation equilibrium :- 

∑Fx = 0 

∑Fy = 0 

∑Mo = 0 

Support reaction 

A reaction force is a force that acts in the opposite direction to an action 

force. Friction is the reaction force resulting from surface interaction and 

adhesion during sliding. Reaction forces and reaction moment are usually 

the result of the actions of applied forces. 

 

 

Figures shows types support reaction 
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 Type of support 
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Free body diagram (FBD) (يخطظ انجسى انحر) 

The diagram shows all forces applied to objects and forces of reaction to 

the body after removal of supports. 

 )الاسٕاد اصاٌح تؼذ ٌٍجسّٓ اٌفؼً سد لٜٛ ٚ الاجساَ ػٍٟ اٌّسٍطح اٌمٜٛ ٌج١ّغ اٌث١أٟ اٌشسٓ ٠ّٚصً (
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[∑Fx = 0] 

[ΣFy = 0] 

[ΣMo = 0] 

SOL:- 

Ex 1 

Determine the magnitudes of the forces C and T, which, along with the 

other three forces shown, act on the bridge-truss joint. 
 

[∑Fx = 0] 

8 + T cos 40 + C sin(20) - 16 = 0 

0.766T + 0.342C = 8 (a) 

 

 

[ΣFy = 0] 

T sin 40 - C cos 20 - 3 = 0 

0.643T - 0.940C = 3 (b) 

From (a) and (b) 

T = 9.09 kN 

C = 3.03 kN 

 

 

Ex 2 

Find supports reaction at support (A , B) for the beam shown below. 
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Sol:- 

 

 

100 kN 
100 kN 

 

 

F.B.D 

 

 

SOL:- 

[∑Fx = 0] , [ΣFy = 0] , [ΣMo = 0] 

[∑Fx = 0] 

HB + 100 cos (45) = 0 

HB = - 70.71 kN  

 

 

ΣFy = 0 

RA +RB -100 – 100 sin(45) = 0 

RB = 170.71 – RA eq (1) 

[ΣMA = 0] 

RA * 6 – (100 sin45) * 4 – 100 * 2 = 0 

RA = 80.47 kN 

By solve (1) 

RA = 90.23 kN 

HB 45° 

RA 

RB 

2 2 2 
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Ex 3 

Determaine the horizontal and verlical components of reaction on the 

member at the pin A, and the normlal rcaction at the roller B in figure 

below. 

 

SOL:- 

HB = RB sin 30 

VB = RB cos 30 

HB 

 

[ΣMA = 0] 
VB 

(RB cos30)* 6 – (RB sin 

30) * 2 – 750 * 3 = 0 

RB = 536.2 Ib 

[∑Fx = 0] 

HA – HB = 0 HA – 536.2 sin 30 =0 

HA = 268 Ib 

 

ΣFy = 0 

RA +VB -750 = 0 

RA + 536.2 cos(30)– 750 = 0 

RA = 285.6 Ib 
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H . W 

Q1 

The 500-kg uniform beam is subjected to the three external loads shown. 

Determine the reactions at the support point O. The x-y plane is vertical. 
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Mo 15 kN.M 

Ho 

Vo 1.4 kN W 

1.2 1.2 0.6 1.8 

The 500-kg uniform beam is subjected to the three external loads shown. 

Determine the reactions at the support point O. The x-y plane is vertical. 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

 

 

sol :- 

W = m.g 

= 500 * 9.81 = 4905 N = 4.905 kN F.B.D 

[ΣMo = Mo] 

- [(3 cos30) * 4.8] – [(4.9 ) * 2.4] + 1.4 * 1.2 + 15 = Mo 

Mo = -7.55 kN.m (counter clockwise) 

[∑Fx = 0] 

Ho - 3 sin (30) = 0 

Ho = 1.5 kN 

ΣFy = 0 

VO +1.4 – 4.9 – 3cos(30) = 0 

VO = 6.1 kN 

3 kN 
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The 50-kg homogeneous smooth sphere rests on the incline A and bears 

against the smooth vertical wall B. Calculate the contact forces at A and 

B. 

 

 

 

 

 

 

 

 

 

Sol :- 

W = m.g 

= 50 * 9.81= 490.5 N 

ΣFy = 0 

VA -W = 0 

VA - 490.5 = 0 

VA = 490.5 N 

VA = RA cos30 

490.5 = RA cos30 

RA = 566.38 N 

HA = RA sin(30) 

= 566.38 sin(30) = 283.2 

[∑Fx = 0] 

HA – HB = 0 

283.2 – HB = 0 

HB = 283.2 N 

HB 

HA 

30° 

RA VA 

W 
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Ex3 

Determine the horizonal and vertiacl reaction at the pin A and the 

reaction on the beam at C. 

 

Sol :- 

 

F.B.D 
 

 

 

[ΣMA= 0] 

[HA* 1.5] – [4* 3]= 0 

HA = 8 kN 

[∑Fx = 0] 

HA + HD = 0 

8+ HD = 0  HD = -8 Kn( ) 

Ha 

 

 

 

 

 

 

 

 

 

 

 

Hc 
 

 

Va Vc 

 

 

 

 

 

 

 

 

 

4kN 

[ΣMA= 0] 

[Vc* 1.5] – [4* 3]= 0  Vc = 8 kN 
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T T 

Va +Vc– 4 = 0 

Va +8– 4 = 0 

Va = - 4 kN 
 

[∑Fx = 0] 

HA + Hc = 0 

8+ Hc = 0  Hc = -8 kN 

 

 

 

Equilibrium of pulley 

Ex1 
Calculate the tension T in the cable which supports the 1000-lb load with 

the pulley arrangement shown. Each pulley is free to rotate about its 

bearing, Find the magnitude of the total force on the bearing of pulley C. 

 

 

 

Sol :- 

Pulley A 

[ΣMO = 0] 

T1 * r _ T2 * r = 0  T1 = T2 
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T1+T2 – 1000= 0  2T1=1000 

T1 = 500 Ib 

T1 = T2 = 500 Ib 

Pulley B 

[ΣMB = 0] 

T3 * r _ T4 * r = 0  T3 = T4 

ΣFy = 0 

T3+T4 – T2= 0  2T3=500 

T3 = 250 Ib 

T3 = T4 = 250 Ib 

Pulley C 

[ΣMC = 0] 

T3 * r _ T * r = 0  T3 = T = 250 Ib 

T 
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 The Friction 

 الاحتكاك

 Definition :-

Whenever we try to slide one body over another body there is a 

force that opposes that motion. This opposing force is called the 

force of friction. For example, if this book is placed on the desk 

and a force is exerted on the book toward the right, there is a 

force of friction acting on the book toward the left opposing the 

applied force, as shown in figure below. 

 

 Types of Friction
 

(a) Dry Friction. Dry friction occurs when the not oiled 

surfaces of two solids are in contact under a condition of sliding 

or a slope to slide. A friction force tangent to the surfaces of 

contact occurs both during the interval leading up to impending 

slippage and while slippage takes place. 
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(b) Fluid Friction. Fluid friction occurs when adjacent 

layers in a fluid (liquid or gas) are moving at different 

velocities. This motion causes frictional forces between fluid 

elements, and these forces depend on the relative velocity 

between layers. When there is no relative velocity, 

there is no fluid friction. 

Static Friction 

As P increases, static-friction force F increases as well until it 
reaches a maximum value F. 

 

F = μ * N 
 

𝐹 
μ = 

𝑁 

Where: 

F = friction force 

N =Normal reaction 

μ = Coefficient of 

friction 

Angle of friction (Ø): 

It's the angle between the total reaction (R) and its normal 

component, when limiting friction. 

 
The tangent of this angle is equal to the coefficient of 

Friction (μ). 

 

tan Ø = 𝐹 
𝑁 

μ = tan Ø 
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Explain if the block (400 N) weight turns or slides if pushed by force P 

(μ= 0.34 ) 
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Center of Gravity , Center of Mass 

And Center of body 

  الجسم ثقل مركز و ,الكتلة ثقل ومركز الاجسام ثقل مركز

 Definition :- 

The center of gravity (G):- is a point which locates the 

resultant weight of a system of particles or body. 

 

 

 
From the definition of a resultant force, the sum of moments 

due to individual particle weight about any point is the same as 

the moment due to the resultant weight located at G. For the 

figure above, try taking moments about A and B. 

 

 
Similarly, the center of mass is a point which locates the 

resultant mass of a system of particles or body. Generally, its 

location is the same as that of G. 
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 Centroid of simple shapes:- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

5- Circle  

 
x 

r y 

 
r r 𝜋r2 

X 
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Centroid of complex shapes:- When a body or figure can be 

conveniently divided into several parts whose centroid are easily 

determined. 
 

 

Ex1 Find the centroid of the given area 

y 

 

Soulstion:- 
 

  x  
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1.5 

1.5 

Ex2 Locate the centroid of the plate area shown in Figure below. 
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Ex2 Find the centroid of the part. 
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Moment of Inertia (عزم القصور الذاتي) 

 It is a measure of an object’s resistance to changes to its rotation. 

 Also defined as the capacity of a cross-section to resist bending. 

  The sum of the products of the mass of each particle in the body and 

the square of its perpendicular distance from the axis of rotation I. 

 

 
 

shape 

 

Moment of Inertia at C Moment of Inertia at base 
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EX 1 

The figure shows the cross section of a beam made by gluing four planks 

together. Determine the moment of inertia of the cross section about the x 

axis. 
 

 
Sol:- 

 

 

A2 A1 
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EX 2 

Determine the moment of inertia of the cross section about the x axis. 
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Sol;- 
A1 A2 

 

 
 

 

 
 

 

Ex3 Determine the moment of inertia of the beam cross section about the x centroid 

axis. 
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SOL:- 
 

A2 A1 
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Chapter 2: FORCE and MOTION 

Linear Motion 
Linear motion is the movement of an object along a straight line. 

 

Distance 
The distance traveled by an object is the total length that is traveled by that object. 

Unit: metre (m) 

Type of Quantity: Scalar quantity 

 

Displacement 
Displacement of an object from a point of reference, O is the shortest distance of the object 

from point O in a specific direction. 

Unit: metre (m) 

Type of Quantity: Vector quantity 

 

Distance vs Displacement 
 

Distance travelled = 200m 

Displacement = 120 m, in the direction of Northeast 

Distance is a scalar quantity, 

Displacement is a vector quantity 

 

Speed 
Speed is the rate of change in distance. 

Formula: 
 

Unit: ms
-1

 

Type of quantity: Scalar quantity 
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Velocity 
Velocity is the rate of change in displacement. 

Formula: 
 

Unit: ms
-1

 

Type of quantity: Vector quantity 

 

Acceleration 
Acceleration is the rate of velocity change. Acceleration is a vector quantity 

Formula: 
 

Unit: ms
-2

 

Type of quantity: Vector quantity 

 

Notes - Acceleration 

 An object moves with a constant velocity if the magnitude and direction of the 

motion is always constant. 

 An object experiences changes in velocity if 

o the magnitude of velocity changes 

o the direction of the motion changes. 

 An object that experiences changes in velocity is said to have acceleration. 
 An object traveling with a constant acceleration, a, if the velocity changes at a 

constant rate. 
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4. Equations of Uniform Acceleration 
 

The above equation is for solving numerical problems involving uniform acceleration. 

 

Summary 
 

 

Ticker Timer 

 
 A ticker-timer consists of an electrical vibrator which vibrates 50 times per second. 

 This enables it to make 50 dots per second on a ticker-tape being pulled through it. 

 The time interval between two adjacent dots on the ticker-tape is called one tick. 

 One tick is equal to 1/50 s or 0.02 s. 
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Uniform Velocity 

 
 The distance of the dots is equally distributed. 

 All lengths of tape in the chart are of equal length. 

 The object is moving at a uniform velocity. 

Uniform Acceleration 

 
 The distance between the dots increases uniformly. 

 The length of the strips of tape in the chart increase uniformly. 

 The velocity of the object is increasing uniformly, i.e. the object is moving at a 

constant acceleration. 

Uniform Deceleration 
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 The distance between the dots decreases uniformly. 

 The length of the strips of tape in the chart decreases uniformly. 

 The velocity of the object is decreasing uniformly, i.e. the object is decelerating 

uniformly. 

 

Finding Velocity 
Velocity of a motion can be determined by using ticker tape through the following equation: 

 

Caution!!! 

t is time taken from the first dot to the last dot of the distance measured. 
 

Example 1 

 
Diagram 2.4 shows a strip of ticker tape that was pulled through a ticker tape timer that 

vibrated at 50 times a second. What is the 

a. time taken from the first dot to the last dot? 

b. average velocity of the object that is represented by the ticker tape? 

Answer 

a. There are 15 ticks from the first dot to the last dot, hence 

Time taken = 15 × 0.02s = 0.3s 

b. Distance travelled = 15cm 
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Finding Acceleration 
Acceleration of a motion can be determined by using ticker tape through the following 

equation: 
 

Caution!!! 

t is time taken from the initial velocity to the final velocity. 

Example 2 

 
The ticker-tape in figure above was produced by a toy car moving down a tilted runway. If 

the ticker-tape timer produced 50 dots per second, find the acceleration of the toy car. 

Answer 

In order to find the acceleration, we need to determine the initial velocity, the final velocity 

and the time taken for the velocity change. 

Initial velocity, 

 

Time taken for the velocity change, 

t = (0.5 + 4 + 0.5) ticks = 5 ticks 

t = 5 × 0.02s = 0.1s 

 

Acceleration, a = 
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Example 3 

 
A trolley is pushed up a slope. Diagram above shows ticker tape chart that show the 

movement of the trolley. Every section of the tape contains 5 ticks. If the ticker-tape timer 

produced 50 dots per second, determine the acceleration of the trolley. 

Answer 

In order to find the acceleration, we need to determine the initial velocity, the final velocity 

and the time taken for the velocity change. 

Initial velocity, 

 

Time taken for the velocity change, 

t = (2.5 + 5 + 5 + 5 + 2.5) ticks = 40 ticks 

t = 40 × 0.02s = 0.8s 

 

Acceleration, a: 

 

 

 

Displacement - Time Graph 

 
In a Displacement-Time Graph, the gradient of the graph is equal to the velocity of motion. 
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Analysing Displacement - Time Graph 

 

   

Gradient = 0 

Hence, velocity = 0 

Gradient is constant, 

hence, velocity is Uniform 

Gradient is decreasing, hence 

velocity is decreasing. 

 

 

 

 

 

Gradient is negative and 

constant, hence velocity is 

uniform and in opposite 

direction 

Gradient is increasing, hence 

velocity is increasing. 

 

 

Velocity - Time Graph 

 
 The gradient of the velocity-time gradient gives a value of the changing rate in 

velocity, which is the acceleration of the object. 

 The area below the velocity-time graph gives a value of the object's displacement. 
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Analysing Velocity - Time Graph 
 

 

 

 

Uniform velocity Uniform acceleration 

 

 

 

 

Uniform deceleration Increasing acceleration 

 

 
Increasing deceleration 

 

 

Converting a Velocity-Time graph to Acceleration-Time graph 

In order to convert a velocity-time graph to acceleration time graph, we need to find the 

gradient of the velocity time graph and plot it in the acceleration-time graph. 
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Dropping an object from high place 
 

 
Velocity - Time Graph Acceleration - Time Graph 

 

 

 

 

 

 

 

 

 

 

 

Launching Object Upward 
 

 
Velocity-Time Graph Acceleration-Time Graph 
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Object moving upward and fall back to the ground 
 

 
Velocity-Time Graph Acceleration-Time Graph 

 

 

 

 

 

 

 

 

 

Object falling and bounces back 
 

 
Velocity-Time Graph Acceleration-Time Graph 

 

 

 

 

 

 

 

 

 

Mass 
Mass is the amount of matter. 

Unit: kilogram (kg) 

Type of quantity: Scalar quantity 

 

Inertia 
Inertia is the property of a body that tends to maintain its state of motion. 
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Newton's First Law 
In the absence of external forces, an object at rest remains at rest and an object in motion 

continues in motion with a constant velocity (that is, with a constant speed in a straight 

line). 

 

Jerking a Card 

 

When the cardboard is jerked quickly, the coin will fall into the glass. 

Explanation: 

 The inertia of the coin resists the change of its initial state, which is stationary. 

 As a result, the coin does not move with the cardboard and falls into the glass because 

of gravity. 

 

 

 

Pulling a Book 
 

When the book is pulled out, the books on top will fall downwards. 

 

Explanation 

Inertia tries to oppose the change to the stationary situation, that is, when the book is pulled 

out, the books on top do not follow suit. 
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Pulling a Thread 
 

Pull slowly - Thread A will snap. 

Explanation: 

Tension of thread A is higher than string B. 

Tension at A = Weight of the load + Pulling Force 

Yank quickly - Thread B will snap. 

 

Explanation 

The inertia of the load prevents the force from being transmitted to thread A, hence causing 

thread B to snap. 

 

Larger Mass - Greater Inertia 
 

Bucket filled with sand is more difficult to be moved. It's also more difficult to be stopped 

from swinging. 

 

Explanation 

Object with more mass offers a greater resistance to change from its state of motion. 
Object with larger mass has larger inertia to resist the attempt to change the state of motion. 
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Empty cart is easier to be moved 

 
An empty cart is easier to be moved compare with a cart full with load. This is because a cart 

with larger mass has larger inertia to resist the attempt to change the state of motion. 

 

Momentum 
Momentum is defined as the product of mass and velocity. 

Formula: 

Unit: kgms-1 

Type of quantity: Vector 

 

 

Example 1 

A student releases a ball with mass of 2 kg from a height of 5 m from the ground. What 

would be the momentum of the ball just before it hits the ground? 

 

Answer 

In order to find the momentum, we need to know the mass and the velocity of the ball right 

before it hits the ground. 

It's given that the mass, m = 2kg. 

The velocity is not given directly. However, we can determine the velocity, v, by using the 

linear equation of uniform acceleration. 

This is a free falling motion, 

The initial velocity, u = 0 

The acceleration, a = gravirational acceleration, g = 10ms-2 

The dispacement, s = high = 50m. 

The final velocity = ? 

From the equation 

v2 = u2 + 2as 

v2 = (0)2 + 2(10)(5) 

v = 10ms-1 
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The momentum, 

p = mv =(2)(10) = 20 kgms-1 

 

 

Principle of Conservation of Momentum 

The principle of conservation of momentum states that in a system make out of objects that 

react (collide or explode), the total momentum is constant if no external force is acted upon 

the system. 

Sum of Momentum Before Reaction = Sum of Momentum After Reaction 

 

Formula 
 

 

Example 2: Both objects are in same direction before collision. 

A Car A of mass 600 kg moving at 40 ms-1 collides with a car B of mass 800 kg moving at 

20 ms-1 in the same direction. If car B moves forwards at 30 ms-1 by the impact, what is the 

velocity, v, of the car A immediately after the crash? 

 

Answer 

m1 = 600kg 

m2 = 800kg 

u1 = 40 ms-1 

u2 = 20 ms-1 

v1 = ? 

v2 = 30 ms-1 

According to the principle of conservation of momentum, 

m1u1 + m2u2 = m1v1 + m2v2 

(600)(40) + (800)(20) = (600)v1 + (800)(30) 

40000 = 600v1 + 24000 

600v1 = 16000 

v1 = 26.67 ms-1 
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Example 3: Both objects are in opposite direction before collision. 

 

A 0.50kg ball traveling at 6.0 ms-1 collides head-on with a 1.0 kg ball moving in the opposite 

direction at a 

speed of 12.0 ms-1. The 0.50kg ball moves backward at 14.0 ms-1 after the collision. Find 

the velocity of the second ball after collision. 

Answer: 

m1 = 0.5 kg 

m2 = 1.0 kg 

u1 = 6.0 ms-1 

u2 = -12.0 ms-1 

v1 = -14.0 ms-1 

v2 = ? 

(IMPORTANT: velocity is negative when the object move in opposite siredtion) 

According to the principle of conservation of momentum, 

m1u1 + m2u2 = m1v1 + m2v2 

(0.5)(6) + (1.0)(-12) = (0.5)(-14) + (1.0)v2 

-9 = - 7 + 1v2 

v2 = -2 ms-1 

 

Elastic Collision 
Elastic collision is the collision where the kinetic energy is conserved after the collision. 

Total Kinetic Energy before Collision = Total Kinetic Energy after Collision 

 

Additional notes: 

-In an elastic collision, the 2 objects seperated right after the collision, and 
-the momentum is conserved after the collision. 

 

Inelastic Collision 
Inelastic collision is the collision where the kinetic energy is not conserved after the collision. 

 

Additional notes: 

-In a perfectly elastic collision, the 2 objects attach together after the collision, and 
-the momentum is also conserved after the collision. 

 

Example 4: Perfectly Inelastic Collision 

A lorry of mass 8000kg is moving with a velocity of 30 ms-1. The lorry is then accidentally 

collides with a car of mass 1500kg moving in the same direction with a velocity of 20 ms-1. 

After the collision, both the vehicles attach together and move with a speed of velocity v. 

Find the value of v. 

 

Answer 

(IMPORTANT: When 2 object attach together, they move with same speed.) 

m1 = 8000kg 

m2 = 1500kg 

u1 = 30 ms-1 

u2 = 20 ms-1 
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v1 = v 

v2 = v 

 

According to the principle of conservation of momentum, 

m1u1 + m2u2 = m1v1 + m2v2 

(8,000)(30) + (1,500)(20) = (8,000)v+ (1,500)v 

270,000 = 9500v 

v = 28.42 ms-1 

 

 

Rocket 
1. Mixture of hydrogen and oxygen fuels burn in the combustion chamber. 
2. Hot gases are expelled through the exhausts at very high speed . 

3. The high-speed hot gas produce a high momentum backwards. 

4. By conservation of momentum, an equal and opposite momentum is produced and 

acted on the rocket, pushing the rocket upwards. 

 

Jet Engine 
1. Air is taken in from the front and is compressed by the compressor. 
2. Fuel is injected and burnt with the compressed air in the combustion chamber. 

3. The hot gas is forced through the engine to turn the turbine blade, which turns the 

compressor. 

4. High-speed hot gases are ejected from the back with high momentum. 

5. This produces an equal and opposite momentum to push the jet plane forward. 

 

 

Newton's Second Law 
The rate of change of momentum of a body is directly proportional to the resultant force 

acting on the body and is in the same direction. 

Implication: 

When there is resultant force acting on an object, the object will accelerate (moving faster, 

moving slower or change direction). 

 

Force 
 A force is push or pull exerted on an object. 

 Force is a vector quantity that has magnitude and direction. 

 The unit of force is Newton ( or kgms-2). 

 

Formula of Force 
From Newton's Second Law, we can derived the equation 

 

 

 

 

 

(IMPORTANT: F Must be the net force) 
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Summary of Newton's 1st Law and 2nd Law 

Newton's First Law: 

When there is no net force acting on an object, the object is either stationary or move with 
constant speed in a straight line. 

 

Newton's Second Law: 

When there is a net force acting on an object, the object will accelerate. 

 

Example 1 

A box of mass 150kg is placed on a horizontal floor with a smooth surface; find the 

acceleration of the box when a 300N force is acting on the box horizontally. 

 

Answer 

F = ma 
(300) = (150)a 

a = 2 ms-2 

 

Example 2 

A object of mass 50kg is placed on a horizontal floor with a smooth surface. If the velocity of 

the object changes from stationary to 25.0 m/s in 5 seconds when is acted by a force, find the 

magnitude of the force that is acting? 

 

Answer 

We know that we can find the magnitude of a force by using the formula F = ma. The mass m 

is already given in the question, but the acceleration is not give directly. 

We can determine the acceleration from the formula 

From the formula 

F = ma = (50)(5) = 250N 
The force acting on the box is 250N. 

 

Effects of Force 
When a force acts on an object, the effect can change the 
 size, 

 shape, 

 stationary state, 

 speed and 

 direction of the object. 

 

Impulse 
Impulse is defined as the product of the force (F) acting on an object and the time of action 

(t). 

Impulse exerted on an object is equal to the momentum change of the object. 

Impulse is a vector quantity. 
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Formula of impulse 
Impulse is the product of force and time. 

Impulse = F × t 
Impulse = momentum change 

Impulse = mv - mu 
 

 

Example 1 

A car of mass 600kg is moving with velocity of 30m/s. A net force of 200N is applied on the 

car for 15s. Find the impulse exerted on the car and hence determine the final velocity of the 

car. 

 

Answer 

Impulse = F × t = (200) × (15) = 300oNs 

Impulse = mv - mu 

(3000) = 600v - 600(30) 

600v = 3000 + 18000 

v = 21000/600 = 35 m/s 

[500,000N] 

 

Impulsive Force 
Impulsive force is defined as the rate of change of momentum in a reaction. 
It is a force which acts on an object for a very short interval during a collision or explosion. 

 

Example 2 

A car of mass 1000kg is traveling with a velocity of 25 m/s. The car hits a street lamp and is 

stopped in0.05 seconds. What is the impulsive force acting on the car during the crash? 

 

Answer: 

 

 

 

Effects of impulse vs Force 
A force determines the acceleration (rate of velocity change) of an object. A greater force 

produces a higher acceleration. 

An impulse determines the velocity change of an object. A greater impulse yield a higher 

velocity change. 

 

Examples Involving Impulsive Force 
 Playing football 
 Playing badminton 

 Playing tennis 

 Playing golf 

 Playing baseball 
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Long Jump 

 
 The long jump pit is filled with sand to increase the reaction time when athlete land 

on it. 

 This is to reduce the impulsive force acts on the leg of the atlete because impulsive 

force is inversely proportional to the reaction time. 

 

High Jump 

 

 During a high jump, a high jumper will land on a thick, soft mattress after the jump. 

 This is to increase the reaction time and hence reduces the impulsive force acting on 

the high jumper. 

 

Jumping 
A jumper bends his/her leg during landing. This is to increase the reaction time and hence 

reduce the impact of impulsive force acting on the leg of the jumper. 

 

Crumble Zone 
 The crumple zone increases the reaction time of collision during an accident. 
 This causes the impulsive force to be reduced and hence reduces the risk of injuries. 
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Seat Belt 
 

Prevent the driver and passengers from being flung forward or thrown out of the car during 

an emergency break. 

 

Airbag 

 
The inflated airbag during an accident acts as a cushion to lessen the impact when the driver 

flings forward hitting the steering wheel or dashboard. 

 

Head Rest 
Reduce neck injury when driver and passengers are thrown backwards when the car is banged 

from backward. 

 

Windscreen 
Shatter-proof glass is used so that it will not break into small pieces when broken. This may 

reduce injuries caused by scattered glass. 

 

Padded Dashboard 
Cover with soft material. This may increases the reaction time and hence reduce the 

impulsive force when passenger knocking on it in accident. 
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Collapsible Steering Columns 
The steering will swing away from driver’s chest during collision. This may reduce the 

impulsive force acting on the driver. 

 

Anti-lock Braking System (ABS) 
Prevent the wheels from locking when brake applied suddenly by adjusting the pressure of 

the brake fluid. This can prevents the car from skidding. 

 

Bumper 
Made of elastic material so that it can increases the reaction time and hence reduces the 

impulsive force caused by collision. 

 

Passanger Safety Cell 
 The body of the car is made from strong, rigid stell cage. 
 This may prevent the car from collapsing on the passengers during a car crash. 
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Example (1):- The car moves in a straight line such that for a short time 

is velocity is defined by 
2(3 2 ) /v t t ft s  , where (t) is in seconds. 

Determine its position and acceleration when (t =3) sec. When t=0, s=0 

ذرحشن اٌس١اسج فٟ خظ ِسرم١ُ تح١س ٠رُ ذحذ٠ذ اٌسشػح ٌفرشج لص١شج ِٓ خلاي -(: 1يثبل )
2(3 2 ) /v t t ft s  (t) تاٌصٛأٟ. حذد ِٛضؼٗ ٚذساسػٗ ػٕذِا (t = 3) sec.  ػٕذِا

 t = 0 ، s = 0 ذىْٛ

Solution  

 

 

   

 

   

0

0

2

0

2

0

3 2
3 2

0 0 0
0

3 2

3 2

3 2

3 2

3 2

3 2

3 2

0 0 0

3sec

3 3

27 9

36

s t

s

s t

s

t
ts s

V t t

ds
V ds Vdt

dt

ds V dt

ds t t dt

t t
S S t t

S t t

S t t

When t

S

S

S ft

 

  



 

 
        

 

    

 



 

 



 

 
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 

 

2

2

2

3 2

3 2 6 2

3sec

6*(3) 2

18 2

20 /

V t t

dv d
a a V

dt dt

d
a t t a t

dt

at t

a

a

a ft s

 

  

    



 

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example (2):- Starting from rest, a particle moving in a straight line has 

an acceleration of   22 6 /a t m s  , where (t) is in seconds. What is the 

particle’s velocity when ( t =6 sec ) and what is its position when  
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(t=11 sec)? 

تاٌصٛأٟ. ِا  (t) تذءًا ِٓ اٌسىْٛ ، ٠رحشن اٌجس١ُ فٟ خظ ِسرم١ُ تؼجٍح ِمذاس٘ا -(: 2ِصاي )

  t=11sec ِٚا ٘ٛ ِٛضؼٗ ِٚرٝ (t = 6 sec) سشػح اٌجس١ُ ػٕذِا

Solution :- 

0 , 0o oV S    

a=f(t) 

 

 

 

   

0

0

0 0

2
2

0 0 0
0

2

2

2

2 6

2 6

2 6

2
6 6

2

0 6 0 0

6

6

6 6*6

36 36

0 /

o

o

v t

v

v t

v

v t

t
tv v

a t

dv
a dv adt

dt

dv adt

dv t dt

dv t dt

t
V t V t t

V t t

V t t

When t

V

V

V m s

 

  



 

 

 
        

 

    

 



 

 



 

 

 

  



Southern Technical University 
Technical Institute Of Amara 

  

 

 

 

 



  

0

2

0

2

0 0

3 2

0

0

3 3
2 2

0

0

3
2

3
2

6

6

6

3 2

3 0 3 0 0
3 3

3
3

11 sec

11
3(11) 80.7

3

o

o

s t

s

s t

s

s t

t

s

t

s

ds
V

dt

ds V dt

ds V dt

ds t t dt

ds t t dt

t t
S

t t
S t S t

t
S t

at t

S S m







 

 

 
  
 

   
         
   

 



   

 

 

 
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Example (3):- A freight train travels at  60 1 /tV e ft s   where t is 

the elapsed time in seconds, Determine the distance traveled in three 

seconds, and the acceleration at this time. 

Solution  

 

 

 



0 0

0

0 0

0

3

( )

60 1

60 1

60 1

60 0 60 0

1

60 1

3

60 3 1

122.98

t

t

s t
t

ts t t

t

V f t

V e

ds
V ds V dt ds e dt

dt

ds e dt

S t e S t e e

e

S t e

at t

S e

S ft







 







 

     

 

                 



    



    



 
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 

 

3

2

60 1

60 60

60 60

0 60 *( )

a 60

3

60

2.99 /

t

t

t

t

t

V e

V e

dv d
a a e

dt dt

a e

e

at t

a e

a ft s













 

 

   

  








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Example (1):- The position of a particle along a straight line is given by 
3 2(1.5 13.5 22.5 ) ftS t t t    where t is in seconds. Determine the 

position of the partial when t=6 s and the total distance it travels during 

the 6-s time interval.  

ضغ تاٌصٛأٟ. حذد ِٛ t ٠ؼُطٝ ِٛضغ اٌجس١ُ ػٍٝ طٛي خظ ِسرم١ُ تاٌّىاْ -(: 1ِصاي )

ْ   6ٚاٌّسافح الإجّا١ٌح اٌرٟ ٠مطؼٙا خلاي اٌفرشج اٌض١ِٕح  t = 6 s اٌجضء ػٕذِا ذىْٛ  .شٛا

Solution : 

     

     

 

3 2

3 2

3 2

3 2

3 2

2

2

1.5 13.5 22.5

6

1.5 6 13.5 6 22.5 6

27

1.5 13.5 22.5

0

1.5 0 13.5 0 22.5 0

0

( ) 1.5 13.5 22.5

4.5 27 22.5

0

4.5 27 22.5 0

1 sec

5 sec

S t t t

At t

S

S ft

S t t t

At t

S

S ft

ds d d
V V s V t t t

dt dt dt

V t t

V

t t

t

t

  



  

 

  



  



      

  



  



   
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     

     

3 2

3 2

3 2

3 2

1.5 13.5 22.5

1

1.5 1 13.5 1 22.5 1

10.5

1.5 13.5 22.5

5

1.5 5 13.5 5 22.5 5

37.5

10.5 10.5 27 10.5 10.5

69

S t t t

At t

S

S ft

S t t t

At t

S

S ft

d

d ft

  



  



  



  

 

    


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Example (2):- A particle moves along a straight line such that its 

position is defined by  2 6 5S t t m   . Determine the average velocity, 

the average speed, and the acceleration of the particle when t=6  sec. 

٠رحشن جس١ُ ػٍٝ طٛي خظ ِسرم١ُ تح١س ٠رُ ذحذ٠ذ ِٛضؼٗ تٛاسطح. أٚجذ  -(: 2ِصاي )

. t = 6ْٛ اٌسشػح اٌّرٛسطح ِٚرٛسظ اٌسشػح ٚذساسع اٌجسُ ػٕذِا ٠ى  ْ  شٛا

   

   

2

2

2

2

2

2

6 5

2 6 /

2 /

6 5

0

0 6 0 5 5

6 5

6

6 6 6 5

36 36 5 5

0
5 5 0 0

6 0

2 6

0

2 6 0

6
2 6 3sec

2

av av

S t t m

ds
V t m s

dt

dv
a m s

dt

S t t

At t

S m

S t t

At t

S

S

S
S V V

t

V t

V

t

t t t

  

  

 

  



   

  



  

   


        

 

 



 

    
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   

2

2

6 5

3

3 6 3 5

9 18 5

4

5 4 4 5 18

18

6 0

3 /

sp

sp

S t t

At t

S

S

S m

d m

d
V

t

V m s

  



  

  

 

    

 
 



 

 

 

 

 

 

 

 

 

 

 

 

Example (3):-  The position of a particle along a straight line path is 

defined by  3 26 15 7S t t t ft     where t is in seconds. Determine the 
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total distance traveled when t=10sec . What are the particle’s average 

velocity, average speed, and the instantaneous velocity and acceleration 

at this time?  

تاٌصٛأٟ.  ٠tرُ ذحذ٠ذ ِٛضغ اٌجس١ُ ػٍٝ طٛي ِساس اٌخظ اٌّسرم١ُ ح١س ذىْٛ  -(: 3ِصاي )

. ِا ٟ٘ سشػح اٌجس١ُ اٌّرٛسطح t = 10secأٚجذ اٌّسافح اٌى١ٍح اٌّمطٛػح ػٕذِا ذىْٛ 

 ِٚرٛسظ اٌسشػح ٚاٌسشػح اٌٍحظ١ح ٚاٌرساسع فٟ ٘زا اٌٛلد؟

Solution  

   

 

3 2

2

2

2

2

6 15 7

3 12 15

6 12

3 12 15

10

3 10 12 10 15

165 / sec

6 12

10

6 10 12

60 12

48 / s

S t t t

ds
V t t

dt

dv
a t

dt

V t t

at t

V

V ft

a t

at t

a

a

a ft

   

   

  

  



  



 



 

 


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     

     

3 2

3 2

3 2

3 2

2

2

6 15 7

0

0 6 0 15 0 7

7

6 15 7

10

10 6 10 15 7

257

3 12 15

0

3 12 15 0

5 1

S t t t

at t

S

S ft

S t t t

at t

S t

s ft

V t t

V

t t

t t

   



   



   



   



  



  

  

 

     

3 2

3 2

6 15 7

5

5 6 5 15 5 7

93

7 93 93 7 250 450

257 7 250
25 /

10 0 10

450
45 /

10

av

sp

S t t t

at t

S

S ft

d ft

s
V m s

t

d
V m s

t

   



   

 

     

 
   
 

  

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Simple Strain  

Simple Strain: A strain is the ratio of the change in length caused 

by the applied force, to the original length: 

 .إٌٝ اٌطٛي الأصٍٟ اٌّسٍطحاٌمٛج  تسثةٔسثح اٌرغ١ش فٟ اٌطٛي  ٘ٛ : الاَفعبل انبسيظ
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Strain (Є ) (ٌابسيهى) : The deformation per unit length: 

 اٌرشٖٛ ٌىً ٚحذج طٛي -:)ابسيهىٌ( ( Є)الاَفعبل 

The strain:- means the change in length divided on the original length 

before deformation. 

 ٘ٛ اٌرغ١ش فٟ اٌطٛي ِمسِٛاً ػٍٝ اٌطٛي الاصٍٟ ٌٍؼ١ٕح لثً اٌرشٖٛ.-: ببلاَفعبلويقصذ 

 

Stress-Strain Diagram 
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Metallic engineering materials are classified as either ductile or brittle 

materials. A ductile material is one having relatively large tensile strains up 

to the point of rupture like structural steel and aluminum, whereas brittle 

materials has a relatively small strain up to the point of rupture like cast iron 

and concrete. 

ٟ٘ ِادج ذحرٛٞ ػٍٝ  اٌّط١ٍ١حّادج اٌذصٕف اٌّٛاد إٌٙذس١ح اٌّؼذ١ٔح ػٍٝ أٔٙا ِٛاد ِط١ٍح أٚ ٘شح. 

شذ وث١شج ٔسث١اً ذصً إٌٝ ٔمطح اٌرّضق ِصً اٌفٛلار الإٔشائٟ ٚالأ١ٌَّٕٛ ، فٟ ح١ٓ أْ اٌّٛاد  أفؼالاخ

 .صغ١ش ٔسث١اً ٠صً إٌٝ ٔمطح اٌرّضق ِصً اٌحذ٠ذ اٌض٘ش ٚاٌخشسأح أفؼاياٌٙشح ٌٙا 

 

 

 

 

Young's Modulus or Modulus of Elasticity 
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Hook’s law states that when the material is loaded within elastic limit , 

the stress is proportional to the strain. 

ػٕذِا ٠رُ ذح١ًّ اٌّادج ضّٓ حذ ِشْ ، ٠ىْٛ ٠ٕص لأْٛ ٘ٛن ػٍٝ أٗ  -هىك:قبَىٌ 

ً  اٌضغظ ِرٕاسثاً  .ِغ الإجٙاد طشد٠ا

/

/

* *

*

* * *

*

*

E

p A
E

L L

p E L A
E p

L A L

L

P L E L A

p L
E

L A

   



 









  

 

  





 

E : Young Modulus , or modulus of elasticity ( N / mm2 ). 

P = Axial compressive force acting on the body. 

A = Cross-sectional area of the body, 

L = Original length, and. 

δ = Decrease in length. 
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Shear Modulus or Modulus of Rigidity 

 
The shear stress is directly proportional to shear strain 

 

 

 

Example ( 1 ) : 
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A rod 100 cm long and of 2cm X 2cm cross section is subjected to a 

pull of 1000 kg force . if the modulus of elasticity of the material is 

62*10  kg/cm2 , Determine the elongation of the rod ? 

كجى. إرا كبٌ  0111سى يخضع نسحب بقىة  2× سى  2سى ويقطع عرضي  011طىنه  شفج

 ؟انشفج، فقى بتحذيذ استطبنت  2يعبيم يروَت انًبدة كجى / سى 

 

 

Example ( 2 ) : 

A load of 5 KN is to be raised with the help of a steel wire . Find the 

minimum diameter of the steel wire if the stress is not to exceed  

100 MN / m^2? 
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Example (1) :-  
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Determine the elongation of the steel bar (1 m) long and

2(1.5 )cm  cross-sectional area , when subjected to a Pull of 

(1500 kg) . Take 
6 2( 2*10 ) / cmE kg ? 

Solution:- 

6

*

*

1500*1*100 150000

2*10 *1.5 3000000

0.05 cm

P L
L

E A

L

L









 



  

 

 

 

 

Example (2):-  
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A brass rod (2 cm) diameter and (1.5 m) long is subjected to an 

axial pull of (4 tonnes) . Find the stress , strain and elongation of 

the rod , if the modulus of elasticity for the brass is 

6 21.0*10 /kg cm  ? 

Solution :-  

 

2

22

6

4*1000 4*1000 4000
1273.24 /

2 4
4 4 4

1273.24
0.00127324

1*10

* 0.00127324*1.5*100

0.2

P P
kg cm

A
d

E
E

L
L L

L

L cm

 
   


   


  



      




     

   



  

 

 

Example (3):-  
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A cast iron column has internal diameter of (200 mm) , What 

should be the minimum external diameter so that it may carry a 

load of (1.6 MN) , without the stress exceeding  
2(90 / )N mm  ? 

ُِ ، ِا ٘ٛ اٌحذ الأدٔٝ ٌٍمطش  022ػّٛد ِٓ اٌحذ٠ذ اٌض٘ش تمطش داخٍٟ  -(:3ِصاي )

١ٔٛذٓ  02 الاجٙاد، دْٚ أْ ٠رجاٚص  MN 6.1اٌخاسجٟ تح١س ٠ّىٓ أْ ٠حًّ حٌّٛح 

 ؟0/ ُِ 

Solution :- 

 

  

 

2 2

26 2

2

2 2

2 2

2 2

*

*
4

1.6*10 90* * 200
4

1600000 90* * 40000
4

1600000 1600000
40000 40000

90*
90*

4 4

1600000*4
40000 40000 22635.4

90*

22635.4 40000 62635.4 62635.4

250

o i

o

o

o o

o o

o o o

o

P
P A

A

P d d

d

d

d d

d d

d d d

d

 








 



  

 

 

 

    

    

     

 .2 mm
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Torsional shear stress 

 

Torsional shear stress:- is that occurs by external twist or 

torque that called torsion stress. 

٘ٛ أْ ٠حذز ػٓ طش٠ك الاٌرٛاء اٌخاسجٟ أٚ ػضَ  الانتىاء: قص  أجهبد

 اٌذٚساْ اٌزٞ ٠سّٝ إجٙاد الاٌرٛاء.

*
s

T r

J
 

  

Where: 

2

4

: . /

: Torque. (N.m)

: . (m)

: ( )

s Torsional shear stress N m

T

r Radius

J Polar moment of inertia m



   

T=F*r 

F:force      N 

r: force arm      m            

where   : 
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2

d
r    

 

 

 

a) (J)   Polar moment of inertia for (solid shaft) 

 

 

 



Southern Technical University 
Technical Institute Of Amara 

  

 

 

4

32
J d




  

b) (J)   Polar moment of inertia for (hollow shaft) 

 

 

 

 4 4

32
o iJ d d


 

 

: ( )

:internal (inter)

o

i

d external diameter outer m

d diameter m   

 

 

Example (1) 
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Determine the maximum torque that can be applied a hollow circular 

steel shaft of (100 mm) outer diameter and an (80 mm) inside diameter 

without exceeding a torsional shear stress use (60 MPa)? 

تمطش خاسجٟ ذحذ٠ذ ألصٝ ػضَ ٠ّىٓ ذطث١مٗ ػٍٝ ػّٛد فٛلارٞ دائشٞ ِجٛف : 1ِصاي 

١ِجا  60ُِ( دْٚ ذجاٚص اسرخذاَ إجٙاد اٌمص الاٌرٛائٟ ) 00ُِ( ٚلطش داخٍٟ ) 100)

 تاسىاي(؟

Solution  

     

 

4 4
4 4 4 4

4 4

**
* *

* * *32

16*
32*

2 2

60* * 100 80
6951960 .

16*100

s
s s

s o i
s o i s o i

JT r
J T r T

J r

d d d d d d
T

d d d

T N mm


 


    



    

  
  


 
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Example (2) 

A steel solid shaft (3 m) long that has a diameter of (4 m). is subjected 

to a torque of (15 N·m) . Determine the maximum shearing stress? 

١ٔٛذٓ ِرش(.  15َ(. ٠خضغ ٌؼضَ دٚساْ ) 4َ( لطش ) 3ػّٛد ِٓ اٌصٍة تطٛي ): 2ِصاي 

 ذحذ٠ذ ألصٝ إجٙاد اٌمص؟

 
max

44

2

max

* 15*2 15*2

* * 4
32 32

........... /

T r

J
d

N m


 



  


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Shear & Moment in Beams 

 
DEFINITION OF A BEAM 

 
A beam is a bar subject to forces or couples that lie in a plane containing the 

longitudinal of the bar. According to determinacy, a beam may be determinate or 

indeterminate. 

 

STATICALLY DETERMINATE BEAMS 

 
Statically determinate beams are those beams in which the reactions of the supports 

may be determined by the use of the equations of static equilibrium. The beams shown 

below are examples of statically determinate beams. 

 

 
STATICALLY INDETERMINATE BEAMS 
If the number of reactions exerted upon a beam exceeds the number of equations in 

static equilibrium, the beam is said to be statically indeterminate. In order to solve the 

reactions of the beam, the static equations must be supplemented by equations based 

upon the elastic deformations of the beam. 

The degree of indeterminacy is taken as the difference between the umber of reactions 
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to the number of equations in static equilibrium that can be applied. In the case of the 

propped beam shown, there are three reactions R1, R2, and M and only two equations 

(∑M = 0 and sum;Fv = 0) can be applied, thus the beam is indeterminate to the first  

 

degree (3 – 2 = 1). 

 

 

 

 
TYPES OF LOADING 

 
Loads applied to the beam may consist of a concentrated load (load applied at a point), 

uniform load, uniformly varying load, or an applied couple or moment. These loads are 

shown in the following figures. 
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Shear and Moment Diagrams 

Consider a simple beam shown of length L that 

carries a uniform load of w (N/m) throughout its 

length and is held in equilibrium by reactions R1 

and R2. Assume that the beam is cut at point C a 

distance of x from he left support and the portion of 

the beam to the right of C be removed. The portion 

removed must then be replaced by vertical 

shearing force V together with a couple M to hold 

the left portion of the bar in equilibrium under the 

action of R1 and wx. The couple M is called the resisting moment or moment and the 

force V is called the resisting shear or shear. The sign of V and M are taken to be 

positive if they have the senses indicated above. 

 

Solved Problems in Shear and Moment Diagrams 

INSTRUCTION 

 
Write shear and moment equations for the beams in the following problems. In each 

problem, let x be the distance measured from left end of the beam. Also, draw shear 

and moment diagrams, specifying values at all change of loading positions and at points 

of zero shear. Neglect the mass of the beam in each problem. 

 

Problem 403 

Beam loaded as shown in Fig. P-403. 
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Solution 403 
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Problem 404 

Beam loaded as shown in Fig. P-404. 

 

 

Solution 404 
 



Southern Technical University 
Technical Institute Of Amara 

  

 

 

Problem 405 

Beam loaded as shown in Fig. P-405. 

 

 

Solution 405 
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Problem 406 

Beam loaded as shown in Fig. P-406. 

 

 

Solution 406 
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Problem 407 

Beam loaded as shown in Fig. P-407. 

 

 

Solution 407 
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Problem 408 

Beam loaded as shown in Fig. P-408. 

 

 

Solution 408 
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Problem 409 

Cantilever beam loaded as shown in Fig. P-409. 

 

 

Solution 409 
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Problem 410 

Cantilever beam carrying the uniformly varying load shown in Fig. P-410. 

 

 

Solution 410 
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Problem 411 

Cantilever beam carrying a distributed load with intensity varying from wo at the free 

end to zero at the wall, as shown in Fig. P-411. 

 

 

Solution 411 
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Problem 412 

Beam loaded as shown in Fig. P-412. 

 

 

Solution 412 
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Problem 413 

Beam loaded as shown in Fig. P-413. 

 

 

Solution 413 
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Problem 414 

Cantilever beam carrying the load shown in Fig. P-414. 

 

 

Solution 414 
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Problem 415 

Cantilever beam loaded as shown in Fig. P-415. 

 

 

Solution 415 
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Problem 416 

Beam carrying uniformly varying load shown in Fig. P-416. 
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Solution 416 
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Problem 417 

Beam carrying the triangular loading shown in Fig. P- 417. 

 

 

Solution 417 
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Problem 418 

Cantilever beam loaded as shown in Fig. P-418. 

 

 

Solution 418 
 

 

Problem 419 

Beam loaded as shown in Fig. P-419. 
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Solution 419 
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Problem 420 

A total distributed load of 30 kips supported by a uniformly distributed reaction as 

shown in Fig. P-420. 
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Solution 420 

 

 



Southern Technical University 
Technical Institute Of Amara 

  

 

 

Problem 421 

Write the shear and moment equations as functions of the angle θ for the built-in arch 

shown in Fig. P-421. 

 

 

Solution 421 
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Problem 422 

Write the shear and moment equations for the semicircular arch as shown in Fig. P-422 

if (a) the load P is vertical as shown, and (b) the load is applied horizontally to the left 

at the top of the arch. 

 

 

Solution 422 
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