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body, we may consider the force to be concentrated at a point with neg-
ligible loss of accuracy. Force can be distributed over an area, as in the
case of mechanical contact, over a volume when a body force such as
weight is acting, or over a line, as in the case of the weight of a sus-
pended cable.

The weight of a body is the force of gravitational attraction distrib-
uted over its volume and may be taken as a concentrated force acting
through the center of gravity. The position of the center of gravity is fre-
quently obvious if the body is symmetric. If the position is not obvious,
then a separate calculation, explained in Chapter 5, will be necessary to
locate the center of gravity.

We can measure a force either by comparison with other known
forces, using a mechanical balance, or by the calibrated movement of an
elastic element. All such comparisons or calibrations have as their basis
a primary standard. The standard unit of force in SI units is the newton
(N) and in the U.S. customary system is the pound (lb), as defined in
Art. 1/5.

Action and Reaction
According to Newton’s third law, the action of a force is always ac-

companied by an equal and opposite reaction. It is essential to distin-
guish between the action and the reaction in a pair of forces. To do so,
we first isolate the body in question and then identify the force exerted
on that body (not the force exerted by the body). It is very easy to mis-
takenly use the wrong force of the pair unless we distinguish carefully
between action and reaction.

Concurrent Forces
Two or more forces are said to be concurrent at a point if their lines

of action intersect at that point. The forces F1 and F2 shown in Fig. 2/3a
have a common point of application and are concurrent at the point A.
Thus, they can be added using the parallelogram law in their common
plane to obtain their sum or resultant R, as shown in Fig. 2/3a. The re-
sultant lies in the same plane as F1 and F2.

Suppose the two concurrent forces lie in the same plane but are ap-
plied at two different points as in Fig. 2/3b. By the principle of transmis-
sibility, we may move them along their lines of action and complete
their vector sum R at the point of concurrency A, as shown in Fig. 2/3b.
We can replace F1 and F2 with the resultant R without altering the ex-
ternal effects on the body upon which they act.

We can also use the triangle law to obtain R, but we need to move
the line of action of one of the forces, as shown in Fig. 2/3c. If we add the
same two forces as shown in Fig. 2/3d, we correctly preserve the magni-
tude and direction of R, but we lose the correct line of action, because R
obtained in this way does not pass through A. Therefore this type of
combination should be avoided.

We can express the sum of the two forces mathematically by the
vector equation

R � F1 � F2 Figure 2/3

Article 2/2 Force 25
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2-1	        کمیت های فیزیکی 
2-1-1- کمیت های عددی یا اسکالر 

کمیت هایی هستند که فقط دارای اندازه یا مقدار می باشند؛ مانند جرم، زمان، طول جسم و 
کار و انرژی.

2-1-2- کمیت های برداری 
کمیت هایی هستند که علاوه بر مقدار دارای جهت و راستا نیز می باشند. مانند: بردارهای نیرو، 

گشتاور، سرعت، شتاب و جابجایی.

 )Vector( بردارها        	2-2
هر بردار به صورت یک پیکان با طولی متناسب با مقدار آن ترسیم می شود

( با مقدار N 80 و با زاویه °30 نسبت به  F


به عنوان مثال در شکل )2-1(، بردار نیروی )
محور x و در جهت و راستای نشان داده شده ترسیم شده است.

نکته: 
زاویه امتداد هر بردار باید با یک امتداد مبنا که معمولًا امتدادهای x یا y است، مشخص 

شود.

شکل 1-2

هدف های رفتاری

پس از آموزش این فصل از فراگیر انتظار می رود بتواند:
1- کمیت های فیزیکی را بشناسد.
2- انواع بردارها را تعریف نماید.

3- جمع و تفریق بردارها را به روش ترسیمی انجام دهد.
4- یک بردار را به مؤلفه های آن تجزیه نماید.

5- نمایش برداری بردارها را بداند.
6- مقدار بردار را با استفاده از مؤلفه های متعامد آن محاسبه نماید.

F
N80=

x30°

راستای بردار

جهت بردار
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2-3	        انواع بردارها 
2-3-1- بردار لغزان 

برداری است که اگر در راستای خود جابه جا شود، اثر آن بر جسم تغییر ننماید. همانند نیروی 
F در شکل )2-2(

یا

68 Rigid Bodies: Equivalent Systems of Forces second and third laws and of a number of other concepts as well. 
Therefore, our study of the statics of rigid bodies will be based on 
the three principles introduced so far, i.e., the parallelogram law of 
addition, Newton’s first law, and the principle of transmissibility. 
    It was indicated in Chap. 2 that the forces acting on a particle 
could be represented by vectors. These vectors had a well-defined 
point of application, namely, the particle itself, and were therefore 
fixed, or bound, vectors. In the case of forces acting on a rigid body, 
however, the point of application of the force does not matter, as 
long as the line of action remains unchanged. Thus, forces acting on 
a rigid body must be represented by a different kind of vector, known 
as a  sliding vector , since forces may be allowed to slide along their 
lines of action. We should note that all the properties which will be 
derived in the following sections for the forces acting on a rigid body 
will be valid more generally for any system of sliding vectors. In 
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شکل 2-2

2-3-2- بردار ثابت 
مثلًا  نمود.  آن را جابجا  نمی توان  و  می کند  اشغال  فضا  در  را  معینی  مکان  که  است  برداری 
ضربه ای که به سر انسان وارد می شود با ضربه ای که با همان مقدار و همان جهت به پای او 

وارد می آید متفاوت است.
2-3-3- بردارهای هم سنگ

دو بردار مساوی، موازی و هم جهت را بردارهای هم سنگ می نامیم. شکل )3-2(
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F


شکل 3-2

شکل 4-2

2-3-4- بردارهای زوج 
دو بردار مساوی، موازی و مختلف الجهت را بردارهای زوج می نامیم. شکل )4-2(
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2-3-6- بردار یکه )واحد( 
برداری که مقدار )اندازه( آن برابر واحد است را بردار یکه یا واحد می نامیم.

2-3-7- بردار نیرو 
برداری است که علاوه بر مقدار، جهت و راستا دارای نقطه اثر نیز می باشد 

نیوتن به صورت زیر تعریف  قانون دوم  نیوتن )N( است و مطابق  اندازه گیری آن  و واحد 
می شود:

2-3-5- بردارهای مخالف 
دو بردار مساوی، هم راستا و مختلف الجهت را بردارهای مخالف گویند. شکل )5-2(

F


شکل 5-2

شکل 6-2

SAMPLE PROBLEM 1/1

Determine the weight in newtons of a car whose mass is 1400 kg. Convert
the mass of the car to slugs and then determine its weight in pounds.

Solution. From relationship 1/3, we have

Ans.

From the table of conversion factors inside the front cover of the textbook, we
see that 1 slug is equal to 14.594 kg. Thus, the mass of the car in slugs is

Ans.

Finally, its weight in pounds is

Ans.

As another route to the last result, we can convert from kg to lbm. Again using
the table inside the front cover, we have

The weight in pounds associated with the mass of 3090 lbm is 3090 lb, as calcu-
lated above. We recall that 1 lbm is the amount of mass which under standard
conditions has a weight of 1 lb of force. We rarely refer to the U.S. mass unit lbm
in this textbook series, but rather use the slug for mass. The sole use of slug,
rather than the unnecessary use of two units for mass, will prove to be powerful
and simple—especially in dynamics.

m � 1400 kg� 1 lbm
0.45359 kg� � 3090 lbm

W � mg � (95.9)(32.2) � 3090 lb

m � 1400 kg� 1 slug

14.594 kg� � 95.9 slugs

W � mg � 1400(9.81) � 13 730 N

Article 1/9 Chapter Review 19

m = 1400 kg

Helpful Hints

� Our calculator indicates a result of
13 734 N. Using the rules of signifi-
cant-figure display used in this text-
book, we round the written result to
four significant figures, or 13 730 N.
Had the number begun with any
digit other than 1, we would have
rounded to three significant figures.

� A good practice with unit conversion
is to multiply by a factor such as 

which has a value of 1,

because the numerator and the de-
nominator are equivalent. Make sure
that cancellation of the units leaves
the units desired; here the units of
kg cancel, leaving the desired units
of slug.

� 1 slug

14.594 kg�,

�

�

�

� Note that we are using a previously calculated result (95.9 slugs). We must be sure that when a calculated number is
needed in subsequent calculations, it is retained in the calculator to its full accuracy, (95.929834 . . .) until it is needed.
This may require storing it in a register upon its initial calculation and recalling it later. We must not merely punch 95.9
into our calculator and proceed to multiply by 32.2—this practice will result in loss of numerical accuracy. Some
individuals like to place a small indication of the storage register used in the right margin of the work paper, directly
beside the number stored.

SAMPLE PROBLEM 1/2

Use Newton’s law of universal gravitation to calculate the weight of a 70-kg
person standing on the surface of the earth. Then repeat the calculation by using
W � mg and compare your two results. Use Table D/2 as needed.

Solution. The two results are

Ans.

Ans.

The discrepancy is due to the fact that Newton’s universal gravitational law does
not take into account the rotation of the earth. On the other hand, the value g �

9.81 m/s2 used in the second equation does account for the earth’s rotation. Note
that had we used the more accurate value g � 9.80665 m/s2 (which likewise ac-
counts for the earth’s rotation) in the second equation, the discrepancy would
have been larger (686 N would have been the result).

W � mg � 70(9.81) � 687 N

W �
Gmem

R2
�

(6.673 � 10�11)(5.976 � 1024)(70)

[6371 � 103]2
� 688 N

R me

m = 70 kg

�

Helpful Hint

� The effective distance between the
mass centers of the two bodies in-
volved is the radius of the earth.

67   2.   The  internal forces  are the forces which hold together the par-
ticles forming the rigid body. If the rigid body is structurally 
composed of several parts, the forces holding the component 
parts together are also defined as internal forces. Internal forces 
will be considered in Chaps. 6 and 7.   

    As an example of external forces, let us consider the forces 
acting on a disabled truck that three people are pulling forward by 
means of a rope attached to the front bumper ( Fig. 3.1 ). The external 
forces acting on the truck are shown in a  free-body diagram  ( Fig. 3.2 ). 
Let us first consider the  weight  of the truck. Although it embodies 
the effect of the earth’s pull on each of the particles forming the 
truck, the weight can be represented by the single force  W . The 
 point of application  of this force, i.e., the point at which the force 
acts, is defined as the  center of gravity  of the truck. It will be seen 
in Chap. 5 how centers of gravity can be determined. The weight  W  
tends to make the truck move vertically downward. In fact, it would 
actually cause the truck to move downward, i.e., to fall, if it were not 
for the presence of the ground. The ground opposes the downward 
motion of the truck by means of the reactions  R  1  and  R  2 . These 
forces are exerted  by  the ground  on  the truck and must therefore 
be included among the external forces acting on the truck. 
    The people pulling on the rope exert the force  F . The point of 
application of  F  is on the front bumper. The force  F  tends to make 
the truck move forward in a straight line and does actually make it 
move, since no external force opposes this motion. (Rolling resistance 
has been neglected here for simplicity.) This forward motion of the 
truck, during which each straight line keeps its original orientation 
(the floor of the truck remains horizontal, and the walls remain verti-
cal), is known as a  translation . Other forces might cause the truck to 
move differently. For example, the force exerted by a jack placed 
under the front axle would cause the truck to pivot about its rear axle. 
Such a motion is a  rotation . It can be concluded, therefore, that each 
of the  external forces  acting on a  rigid body  can, if unopposed, impart 
to the rigid body a motion of translation or rotation, or both.    

 3.3    PRINCIPLE OF TRANSMISSIBILITY. 
EQUIVALENT FORCES  

 The  principle of transmissibility  states that the conditions of equi-
librium or motion of a rigid body will remain unchanged if a force 
 F  acting at a given point of the rigid body is replaced by a force  F 9 of 
the same magnitude and same direction, but acting at a different point, 
 provided that the two forces have the same line of action  ( Fig. 3.3 ). 
The two forces  F  and  F 9 have the same effect on the rigid body and 
are said to be  equivalent . This principle, which states that the action 
of a force may be  transmitted  along its line of action, is based on 
experimental evidence. It  cannot  be derived from the properties 
established so far in this text and must therefore be accepted as an 
experimental law. However, as you will see in Sec. 16.5, the principle 
of transmissibility can be derived from the study of the dynamics of 
rigid bodies, but this study requires the introduction of Newton’s 

  Fig. 3.1    
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تعریف نیوتن با استفاده از قانون دوم نیوتن
یک نیوتن مقدار نیرویی است که اگر به جرم یک کیلوگرم وارد شود، در آن شتابی معادل یک 

متر بر مجذور ثانیه و در جهت اعِمال نیرو ایجاد نماید.

and mass. Vector quantities, on the other hand, possess direction as well
as magnitude, and must obey the parallelogram law of addition as de-
scribed later in this article. Examples of vector quantities are displace-
ment, velocity, acceleration, force, moment, and momentum. Speed is a
scalar. It is the magnitude of velocity, which is a vector. Thus velocity is
specified by a direction as well as a speed.

Vectors representing physical quantities can be classified as free,
sliding, or fixed.

A free vector is one whose action is not confined to or associated
with a unique line in space. For example, if a body moves without rota-
tion, then the movement or displacement of any point in the body may
be taken as a vector. This vector describes equally well the direction and
magnitude of the displacement of every point in the body. Thus, we may
represent the displacement of such a body by a free vector.

A sliding vector has a unique line of action in space but not a
unique point of application. For example, when an external force acts on
a rigid body, the force can be applied at any point along its line of action
without changing its effect on the body as a whole,* and thus it is a slid-
ing vector.

A fixed vector is one for which a unique point of application is
specified. The action of a force on a deformable or nonrigid body must be
specified by a fixed vector at the point of application of the force. In this
instance the forces and deformations within the body depend on the
point of application of the force, as well as on its magnitude and line of
action.

Conventions for Equations and Diagrams
A vector quantity V is represented by a line segment, Fig. 1/1, hav-

ing the direction of the vector and having an arrowhead to indicate the
sense. The length of the directed line segment represents to some conve-
nient scale the magnitude �V� of the vector, which is printed with light-
face italic type V. For example, we may choose a scale such that an
arrow one inch long represents a force of twenty pounds.

In scalar equations, and frequently on diagrams where only the
magnitude of a vector is labeled, the symbol will appear in lightface
italic type. Boldface type is used for vector quantities whenever the di-
rectional aspect of the vector is a part of its mathematical representa-
tion. When writing vector equations, always be certain to preserve the
mathematical distinction between vectors and scalars. In handwritten
work, use a distinguishing mark for each vector quantity, such as an un-
derline, V, or an arrow over the symbol, , to take the place of boldface
type in print.

Working with Vectors
The direction of the vector V may be measured by an angle � from

some known reference direction as shown in Fig. 1/1. The negative of V
is a vector �V having the same magnitude as V but directed in the
sense opposite to V, as shown in Fig. 1/1.

V
l

Article 1/3 Scalars and Vectors 5

θ
–V

V

Figure 1/1

*This is the principle of transmissibility, which is discussed in Art. 2/2.
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2-4	        جمع و تفریق بردارها 
عملیات جمع و تفریق کمیت های برداری با جمع و تفریق کمیت های عددی )اسکالر( 
( در بالای  V  از علامت )



متفاوت است. در این کتاب برای نشان دادن یک بردار مانند
( بالای آن برداشته  آن استفاده می شود و برای نشان دادن مقدار )اندازه( آن بردار علامت )

می شود.

2-4-1- روش های جمع و تفریق بردارها
جمع و تفریق بردارها به دو روش 1- ترسیمی 2- محاسباتی انجام می شود که در این 

فصل با روش ترسیمی و در فصل بعد با روش های محاسباتی آشنا خواهید شد.
2-4-1-1- روش ترسیمی

در این روش با استفاده از وسایل ترسیم و مقیاس مناسب جمع و تفریق بردارها انجام 
می شود. روش های ترسیمی جمع و تفریق بردارها شامل سه روش زیر می باشد:

الف( روش مثلث
ب( روش متوازی الاضلاع

ج( روش چندضلعی
لازم به ذکر است که روش های مثلث و متوازی الاضلاع برای مجموع یا تفاضل دو 

بردار و روش چندضلعی برای مجموع یا تفاضل بیش از دو بردار مناسب می باشند.
الف( روش مثلث

Q مطابق شکل )2-7( مفروض است. برای به دست آوردن مجموع 


P و 


دو بردار 

P به صورت زیر عمل می کنیم: Q+
 

آن ها یعنی 

V


V


: V اندازه یا مقدار بردار

:                   V بردار

شکل 7-2

17that line; through the use of an appropriate scale, the length of this 
segment may be chosen to represent the magnitude of the force. 
Finally, the sense of the force should be indicated by an arrowhead. 
It is important in defining a force to indicate its sense. Two forces 
having the same magnitude and the same line of action but different 
sense, such as the forces shown in  Fig. 2.1  a  and  b , will have directly 
opposite effects on a particle. 
    Experimental evidence shows that two forces  P  and  Q  acting 
on a particle  A  ( Fig. 2.2  a ) can be replaced by a single force  R  which 
has the same effect on the particle ( Fig. 2.2  c ). This force is called 
the  resultant  of the forces  P  and  Q  and can be obtained, as shown 
in  Fig. 2.2  b , by constructing a parallelogram, using  P  and  Q  as two 
adjacent sides of the parallelogram.  The diagonal that passes through 
A represents the resultant.  This method for finding the resultant is 
known as the  parallelogram law  for the addition of two forces. This 
law is based on experimental evidence; it cannot be proved or derived 
mathematically.    

 2.3   VECTORS  
 It appears from the above that forces do not obey the rules of addi-
tion defined in ordinary arithmetic or algebra. For example, two 
forces  acting at a right angle to each other, one of 4 lb and the other 
of 3 lb, add up to a force of 5 lb,  not  to a force of 7 lb. Forces are 
not the only quantities which follow the parallelogram law of addi-
tion. As you will see later,  displacements, velocities, accelerations , and 
 momenta  are other examples of physical quantities possessing mag-
nitude and direction that are added according to the parallelogram 
law. All these quantities can be represented mathematically by  vec-
tors , while those physical quantities which have magnitude but not 
direction, such as  volume, mass , or  energy , are represented by plain 
numbers or  scalars.  
    Vectors are defined as  mathematical expressions possessing 
magnitude and direction, which add according to the parallelo-
gram law.  Vectors are represented by arrows in the illustrations 
and will be distinguished from scalar quantities in this text through 
the use of boldface type ( P ). In longhand writing, a vector may be 
denoted by drawing a short arrow above the letter used to repre-
sent it (    P

S
) or by underlining the letter (P ). The last method may 

be preferred since underlining can also be used on a computer. 
The magnitude of a vector defines the length of the arrow used 
to represent the vector. In this text, italic type will be used to 
denote the magnitude of a vector. Thus, the magnitude of the vec-
tor  P  will be denoted by  P.  
    A vector used to represent a force acting on a given particle 
has a well-defined point of application, namely, the particle itself. 
Such a vector is said to be a  fixed , or  bound , vector and cannot be 
moved without modifying the conditions of the problem. Other 
physical quantities, however, such as couples (see Chap. 3), are 
represented by vectors that may be freely moved in space; these 

A

P

Q

(a)

A

P
R

Q

(b)

A

R

(c)

Fig. 2.2

2.3   Vectors
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ب( روش متوازی الاضلاع
 )9-2( شکل  مطابق   Q



و   P


بردار  دو 
 R P Q= +
  

یعنی  آن ها  مجموع  و  است  مفروض 
به شرح  متوازی الاضلاع  قانون  مدنظر می باشد. طبق 

زیر عمل می نمائیم: شکل )10-2(
P و


1( از نقطه دلخواه مانند O هم سنگ بردارهای 
Q ترسیم می نمائیم



خطی   Q


بردار موازات  به   P


بردار انتهای  از   )2
)d1 ترسیم می شود )خط

خطی   P


بردار موازات  به   Q


بردار انتهای  از   )3
 ´́O ترسیم می شود )خط d2( تا خط d1 را در نقطه́ 

قطع نماید.
R خواهد 



Q یعنی


P و


4( برداری که از O به 'O ترسیم می شود همان مجموع دو بردار
بود که مقدار آن به وسیله خط کش مقیاس برداشت می شود.

1( از نقطه دلخواه مانند A هم سنگ یکی از بردارها ترسیم می شود
2( از انتهای بردار اول هم سنگ بردار دوم ترسیم می شود

بردار  بردار دوم وصل می شود مجموع دو  انتهای  به  اول  بردار  ابتدای  از  برداری که   )3
خواهد بود که مقدار آن به وسیلة خط کش مقیاس اندازه گیری می شود: شکل )8-2(

R P Q= +
  

                                    )1-2(
19    From the parallelogram law, we can derive an alternative 

method for determining the sum of two vectors. This method, known 
as the  triangle rule , is derived as follows. Consider  Fig. 2.6 , where 
the sum of the vectors  P  and  Q  has been determined by the paral-
lelogram law. Since the side of the parallelogram opposite  Q  is equal 
to  Q  in magnitude and direction, we could draw only half of the 
parallelogram ( Fig. 2.7  a ). The sum of the two vectors can thus be 
found by  arranging   P   and   Q   in tip-to-tail fashion and then connect-
ing the tail of   P   with the tip of   Q . In  Fig. 2.7  b , the other half of the 
parallelogram is considered, and the same result is obtained. This 
confirms the fact that vector addition is commutative. 
    The  subtraction  of a vector is defined as the addition of the 
corresponding negative vector. Thus, the vector  P 2 Q  representing 
the difference between the vectors  P  and  Q  is obtained by adding 
to  P  the negative vector  2Q  ( Fig. 2.8 ). We write

   P 2 Q 5 P 1 (2Q)    (2.2)

         Here again we should observe that, while the same sign is used to 
denote both vector and scalar subtraction, confusion will be avoided 
if care is taken to distinguish between vector and scalar quantities. 
    We will now consider the  sum of three or more vectors.  The 
sum of three vectors  P, Q , and  S  will,  by definition , be obtained by 
first adding the vectors  P  and  Q  and then adding the vector  S  to the 
vector  P 1 Q . We thus write

   P 1 Q 1 S 5 (P 1 Q) 1 S   (2.3)

Similarly, the sum of four vectors will be obtained by adding the 
fourth vector to the sum of the first three. It follows that the sum 
of any number of vectors can be obtained by applying repeatedly the 
parallelogram law to successive pairs of vectors until all the given 
vectors are replaced by a single vector. 

=
=

y

x

z

y

x

z

(c) (d)

180� 180�

180�

180�

it now through 180° about a horizontal axis perpendicular to the binding (Fig. 2.3b); this 
second rotation may be represented by an arrow 180 units long and oriented as shown. 
But the book could have been placed in this final position through a single 180° rotation 
about a vertical axis (Fig. 2.3c). We conclude that the sum of the two 180° rotations repre-
sented by arrows directed respectively along the z and x axes is a 180° rotation represented 
by an arrow directed along the y axis (Fig. 2.3d). Clearly, the finite rotations of a rigid 
body do not obey the parallelogram law of addition; therefore, they cannot be represented 
by vectors.
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17that line; through the use of an appropriate scale, the length of this 
segment may be chosen to represent the magnitude of the force. 
Finally, the sense of the force should be indicated by an arrowhead. 
It is important in defining a force to indicate its sense. Two forces 
having the same magnitude and the same line of action but different 
sense, such as the forces shown in  Fig. 2.1  a  and  b , will have directly 
opposite effects on a particle. 
    Experimental evidence shows that two forces  P  and  Q  acting 
on a particle  A  ( Fig. 2.2  a ) can be replaced by a single force  R  which 
has the same effect on the particle ( Fig. 2.2  c ). This force is called 
the  resultant  of the forces  P  and  Q  and can be obtained, as shown 
in  Fig. 2.2  b , by constructing a parallelogram, using  P  and  Q  as two 
adjacent sides of the parallelogram.  The diagonal that passes through 
A represents the resultant.  This method for finding the resultant is 
known as the  parallelogram law  for the addition of two forces. This 
law is based on experimental evidence; it cannot be proved or derived 
mathematically.    

 2.3   VECTORS  
 It appears from the above that forces do not obey the rules of addi-
tion defined in ordinary arithmetic or algebra. For example, two 
forces  acting at a right angle to each other, one of 4 lb and the other 
of 3 lb, add up to a force of 5 lb,  not  to a force of 7 lb. Forces are 
not the only quantities which follow the parallelogram law of addi-
tion. As you will see later,  displacements, velocities, accelerations , and 
 momenta  are other examples of physical quantities possessing mag-
nitude and direction that are added according to the parallelogram 
law. All these quantities can be represented mathematically by  vec-
tors , while those physical quantities which have magnitude but not 
direction, such as  volume, mass , or  energy , are represented by plain 
numbers or  scalars.  
    Vectors are defined as  mathematical expressions possessing 
magnitude and direction, which add according to the parallelo-
gram law.  Vectors are represented by arrows in the illustrations 
and will be distinguished from scalar quantities in this text through 
the use of boldface type ( P ). In longhand writing, a vector may be 
denoted by drawing a short arrow above the letter used to repre-
sent it (    P

S
) or by underlining the letter (P ). The last method may 

be preferred since underlining can also be used on a computer. 
The magnitude of a vector defines the length of the arrow used 
to represent the vector. In this text, italic type will be used to 
denote the magnitude of a vector. Thus, the magnitude of the vec-
tor  P  will be denoted by  P.  
    A vector used to represent a force acting on a given particle 
has a well-defined point of application, namely, the particle itself. 
Such a vector is said to be a  fixed , or  bound , vector and cannot be 
moved without modifying the conditions of the problem. Other 
physical quantities, however, such as couples (see Chap. 3), are 
represented by vectors that may be freely moved in space; these 
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17that line; through the use of an appropriate scale, the length of this 
segment may be chosen to represent the magnitude of the force. 
Finally, the sense of the force should be indicated by an arrowhead. 
It is important in defining a force to indicate its sense. Two forces 
having the same magnitude and the same line of action but different 
sense, such as the forces shown in  Fig. 2.1  a  and  b , will have directly 
opposite effects on a particle. 
    Experimental evidence shows that two forces  P  and  Q  acting 
on a particle  A  ( Fig. 2.2  a ) can be replaced by a single force  R  which 
has the same effect on the particle ( Fig. 2.2  c ). This force is called 
the  resultant  of the forces  P  and  Q  and can be obtained, as shown 
in  Fig. 2.2  b , by constructing a parallelogram, using  P  and  Q  as two 
adjacent sides of the parallelogram.  The diagonal that passes through 
A represents the resultant.  This method for finding the resultant is 
known as the  parallelogram law  for the addition of two forces. This 
law is based on experimental evidence; it cannot be proved or derived 
mathematically.    

 2.3   VECTORS  
 It appears from the above that forces do not obey the rules of addi-
tion defined in ordinary arithmetic or algebra. For example, two 
forces  acting at a right angle to each other, one of 4 lb and the other 
of 3 lb, add up to a force of 5 lb,  not  to a force of 7 lb. Forces are 
not the only quantities which follow the parallelogram law of addi-
tion. As you will see later,  displacements, velocities, accelerations , and 
 momenta  are other examples of physical quantities possessing mag-
nitude and direction that are added according to the parallelogram 
law. All these quantities can be represented mathematically by  vec-
tors , while those physical quantities which have magnitude but not 
direction, such as  volume, mass , or  energy , are represented by plain 
numbers or  scalars.  
    Vectors are defined as  mathematical expressions possessing 
magnitude and direction, which add according to the parallelo-
gram law.  Vectors are represented by arrows in the illustrations 
and will be distinguished from scalar quantities in this text through 
the use of boldface type ( P ). In longhand writing, a vector may be 
denoted by drawing a short arrow above the letter used to repre-
sent it (    P

S
) or by underlining the letter (P ). The last method may 

be preferred since underlining can also be used on a computer. 
The magnitude of a vector defines the length of the arrow used 
to represent the vector. In this text, italic type will be used to 
denote the magnitude of a vector. Thus, the magnitude of the vec-
tor  P  will be denoted by  P.  
    A vector used to represent a force acting on a given particle 
has a well-defined point of application, namely, the particle itself. 
Such a vector is said to be a  fixed , or  bound , vector and cannot be 
moved without modifying the conditions of the problem. Other 
physical quantities, however, such as couples (see Chap. 3), are 
represented by vectors that may be freely moved in space; these 
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17that line; through the use of an appropriate scale, the length of this 
segment may be chosen to represent the magnitude of the force. 
Finally, the sense of the force should be indicated by an arrowhead. 
It is important in defining a force to indicate its sense. Two forces 
having the same magnitude and the same line of action but different 
sense, such as the forces shown in  Fig. 2.1  a  and  b , will have directly 
opposite effects on a particle. 
    Experimental evidence shows that two forces  P  and  Q  acting 
on a particle  A  ( Fig. 2.2  a ) can be replaced by a single force  R  which 
has the same effect on the particle ( Fig. 2.2  c ). This force is called 
the  resultant  of the forces  P  and  Q  and can be obtained, as shown 
in  Fig. 2.2  b , by constructing a parallelogram, using  P  and  Q  as two 
adjacent sides of the parallelogram.  The diagonal that passes through 
A represents the resultant.  This method for finding the resultant is 
known as the  parallelogram law  for the addition of two forces. This 
law is based on experimental evidence; it cannot be proved or derived 
mathematically.    

 2.3   VECTORS  
 It appears from the above that forces do not obey the rules of addi-
tion defined in ordinary arithmetic or algebra. For example, two 
forces  acting at a right angle to each other, one of 4 lb and the other 
of 3 lb, add up to a force of 5 lb,  not  to a force of 7 lb. Forces are 
not the only quantities which follow the parallelogram law of addi-
tion. As you will see later,  displacements, velocities, accelerations , and 
 momenta  are other examples of physical quantities possessing mag-
nitude and direction that are added according to the parallelogram 
law. All these quantities can be represented mathematically by  vec-
tors , while those physical quantities which have magnitude but not 
direction, such as  volume, mass , or  energy , are represented by plain 
numbers or  scalars.  
    Vectors are defined as  mathematical expressions possessing 
magnitude and direction, which add according to the parallelo-
gram law.  Vectors are represented by arrows in the illustrations 
and will be distinguished from scalar quantities in this text through 
the use of boldface type ( P ). In longhand writing, a vector may be 
denoted by drawing a short arrow above the letter used to repre-
sent it (    P

S
) or by underlining the letter (P ). The last method may 

be preferred since underlining can also be used on a computer. 
The magnitude of a vector defines the length of the arrow used 
to represent the vector. In this text, italic type will be used to 
denote the magnitude of a vector. Thus, the magnitude of the vec-
tor  P  will be denoted by  P.  
    A vector used to represent a force acting on a given particle 
has a well-defined point of application, namely, the particle itself. 
Such a vector is said to be a  fixed , or  bound , vector and cannot be 
moved without modifying the conditions of the problem. Other 
physical quantities, however, such as couples (see Chap. 3), are 
represented by vectors that may be freely moved in space; these 
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17that line; through the use of an appropriate scale, the length of this 
segment may be chosen to represent the magnitude of the force. 
Finally, the sense of the force should be indicated by an arrowhead. 
It is important in defining a force to indicate its sense. Two forces 
having the same magnitude and the same line of action but different 
sense, such as the forces shown in  Fig. 2.1  a  and  b , will have directly 
opposite effects on a particle. 
    Experimental evidence shows that two forces  P  and  Q  acting 
on a particle  A  ( Fig. 2.2  a ) can be replaced by a single force  R  which 
has the same effect on the particle ( Fig. 2.2  c ). This force is called 
the  resultant  of the forces  P  and  Q  and can be obtained, as shown 
in  Fig. 2.2  b , by constructing a parallelogram, using  P  and  Q  as two 
adjacent sides of the parallelogram.  The diagonal that passes through 
A represents the resultant.  This method for finding the resultant is 
known as the  parallelogram law  for the addition of two forces. This 
law is based on experimental evidence; it cannot be proved or derived 
mathematically.    

 2.3   VECTORS  
 It appears from the above that forces do not obey the rules of addi-
tion defined in ordinary arithmetic or algebra. For example, two 
forces  acting at a right angle to each other, one of 4 lb and the other 
of 3 lb, add up to a force of 5 lb,  not  to a force of 7 lb. Forces are 
not the only quantities which follow the parallelogram law of addi-
tion. As you will see later,  displacements, velocities, accelerations , and 
 momenta  are other examples of physical quantities possessing mag-
nitude and direction that are added according to the parallelogram 
law. All these quantities can be represented mathematically by  vec-
tors , while those physical quantities which have magnitude but not 
direction, such as  volume, mass , or  energy , are represented by plain 
numbers or  scalars.  
    Vectors are defined as  mathematical expressions possessing 
magnitude and direction, which add according to the parallelo-
gram law.  Vectors are represented by arrows in the illustrations 
and will be distinguished from scalar quantities in this text through 
the use of boldface type ( P ). In longhand writing, a vector may be 
denoted by drawing a short arrow above the letter used to repre-
sent it (    P

S
) or by underlining the letter (P ). The last method may 

be preferred since underlining can also be used on a computer. 
The magnitude of a vector defines the length of the arrow used 
to represent the vector. In this text, italic type will be used to 
denote the magnitude of a vector. Thus, the magnitude of the vec-
tor  P  will be denoted by  P.  
    A vector used to represent a force acting on a given particle 
has a well-defined point of application, namely, the particle itself. 
Such a vector is said to be a  fixed , or  bound , vector and cannot be 
moved without modifying the conditions of the problem. Other 
physical quantities, however, such as couples (see Chap. 3), are 
represented by vectors that may be freely moved in space; these 
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17that line; through the use of an appropriate scale, the length of this 
segment may be chosen to represent the magnitude of the force. 
Finally, the sense of the force should be indicated by an arrowhead. 
It is important in defining a force to indicate its sense. Two forces 
having the same magnitude and the same line of action but different 
sense, such as the forces shown in  Fig. 2.1  a  and  b , will have directly 
opposite effects on a particle. 
    Experimental evidence shows that two forces  P  and  Q  acting 
on a particle  A  ( Fig. 2.2  a ) can be replaced by a single force  R  which 
has the same effect on the particle ( Fig. 2.2  c ). This force is called 
the  resultant  of the forces  P  and  Q  and can be obtained, as shown 
in  Fig. 2.2  b , by constructing a parallelogram, using  P  and  Q  as two 
adjacent sides of the parallelogram.  The diagonal that passes through 
A represents the resultant.  This method for finding the resultant is 
known as the  parallelogram law  for the addition of two forces. This 
law is based on experimental evidence; it cannot be proved or derived 
mathematically.    

 2.3   VECTORS  
 It appears from the above that forces do not obey the rules of addi-
tion defined in ordinary arithmetic or algebra. For example, two 
forces  acting at a right angle to each other, one of 4 lb and the other 
of 3 lb, add up to a force of 5 lb,  not  to a force of 7 lb. Forces are 
not the only quantities which follow the parallelogram law of addi-
tion. As you will see later,  displacements, velocities, accelerations , and 
 momenta  are other examples of physical quantities possessing mag-
nitude and direction that are added according to the parallelogram 
law. All these quantities can be represented mathematically by  vec-
tors , while those physical quantities which have magnitude but not 
direction, such as  volume, mass , or  energy , are represented by plain 
numbers or  scalars.  
    Vectors are defined as  mathematical expressions possessing 
magnitude and direction, which add according to the parallelo-
gram law.  Vectors are represented by arrows in the illustrations 
and will be distinguished from scalar quantities in this text through 
the use of boldface type ( P ). In longhand writing, a vector may be 
denoted by drawing a short arrow above the letter used to repre-
sent it (    P

S
) or by underlining the letter (P ). The last method may 

be preferred since underlining can also be used on a computer. 
The magnitude of a vector defines the length of the arrow used 
to represent the vector. In this text, italic type will be used to 
denote the magnitude of a vector. Thus, the magnitude of the vec-
tor  P  will be denoted by  P.  
    A vector used to represent a force acting on a given particle 
has a well-defined point of application, namely, the particle itself. 
Such a vector is said to be a  fixed , or  bound , vector and cannot be 
moved without modifying the conditions of the problem. Other 
physical quantities, however, such as couples (see Chap. 3), are 
represented by vectors that may be freely moved in space; these 
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17that line; through the use of an appropriate scale, the length of this 
segment may be chosen to represent the magnitude of the force. 
Finally, the sense of the force should be indicated by an arrowhead. 
It is important in defining a force to indicate its sense. Two forces 
having the same magnitude and the same line of action but different 
sense, such as the forces shown in  Fig. 2.1  a  and  b , will have directly 
opposite effects on a particle. 
    Experimental evidence shows that two forces  P  and  Q  acting 
on a particle  A  ( Fig. 2.2  a ) can be replaced by a single force  R  which 
has the same effect on the particle ( Fig. 2.2  c ). This force is called 
the  resultant  of the forces  P  and  Q  and can be obtained, as shown 
in  Fig. 2.2  b , by constructing a parallelogram, using  P  and  Q  as two 
adjacent sides of the parallelogram.  The diagonal that passes through 
A represents the resultant.  This method for finding the resultant is 
known as the  parallelogram law  for the addition of two forces. This 
law is based on experimental evidence; it cannot be proved or derived 
mathematically.    

 2.3   VECTORS  
 It appears from the above that forces do not obey the rules of addi-
tion defined in ordinary arithmetic or algebra. For example, two 
forces  acting at a right angle to each other, one of 4 lb and the other 
of 3 lb, add up to a force of 5 lb,  not  to a force of 7 lb. Forces are 
not the only quantities which follow the parallelogram law of addi-
tion. As you will see later,  displacements, velocities, accelerations , and 
 momenta  are other examples of physical quantities possessing mag-
nitude and direction that are added according to the parallelogram 
law. All these quantities can be represented mathematically by  vec-
tors , while those physical quantities which have magnitude but not 
direction, such as  volume, mass , or  energy , are represented by plain 
numbers or  scalars.  
    Vectors are defined as  mathematical expressions possessing 
magnitude and direction, which add according to the parallelo-
gram law.  Vectors are represented by arrows in the illustrations 
and will be distinguished from scalar quantities in this text through 
the use of boldface type ( P ). In longhand writing, a vector may be 
denoted by drawing a short arrow above the letter used to repre-
sent it (    P

S
) or by underlining the letter (P ). The last method may 

be preferred since underlining can also be used on a computer. 
The magnitude of a vector defines the length of the arrow used 
to represent the vector. In this text, italic type will be used to 
denote the magnitude of a vector. Thus, the magnitude of the vec-
tor  P  will be denoted by  P.  
    A vector used to represent a force acting on a given particle 
has a well-defined point of application, namely, the particle itself. 
Such a vector is said to be a  fixed , or  bound , vector and cannot be 
moved without modifying the conditions of the problem. Other 
physical quantities, however, such as couples (see Chap. 3), are 
represented by vectors that may be freely moved in space; these 
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17that line; through the use of an appropriate scale, the length of this 
segment may be chosen to represent the magnitude of the force. 
Finally, the sense of the force should be indicated by an arrowhead. 
It is important in defining a force to indicate its sense. Two forces 
having the same magnitude and the same line of action but different 
sense, such as the forces shown in  Fig. 2.1  a  and  b , will have directly 
opposite effects on a particle. 
    Experimental evidence shows that two forces  P  and  Q  acting 
on a particle  A  ( Fig. 2.2  a ) can be replaced by a single force  R  which 
has the same effect on the particle ( Fig. 2.2  c ). This force is called 
the  resultant  of the forces  P  and  Q  and can be obtained, as shown 
in  Fig. 2.2  b , by constructing a parallelogram, using  P  and  Q  as two 
adjacent sides of the parallelogram.  The diagonal that passes through 
A represents the resultant.  This method for finding the resultant is 
known as the  parallelogram law  for the addition of two forces. This 
law is based on experimental evidence; it cannot be proved or derived 
mathematically.    

 2.3   VECTORS  
 It appears from the above that forces do not obey the rules of addi-
tion defined in ordinary arithmetic or algebra. For example, two 
forces  acting at a right angle to each other, one of 4 lb and the other 
of 3 lb, add up to a force of 5 lb,  not  to a force of 7 lb. Forces are 
not the only quantities which follow the parallelogram law of addi-
tion. As you will see later,  displacements, velocities, accelerations , and 
 momenta  are other examples of physical quantities possessing mag-
nitude and direction that are added according to the parallelogram 
law. All these quantities can be represented mathematically by  vec-
tors , while those physical quantities which have magnitude but not 
direction, such as  volume, mass , or  energy , are represented by plain 
numbers or  scalars.  
    Vectors are defined as  mathematical expressions possessing 
magnitude and direction, which add according to the parallelo-
gram law.  Vectors are represented by arrows in the illustrations 
and will be distinguished from scalar quantities in this text through 
the use of boldface type ( P ). In longhand writing, a vector may be 
denoted by drawing a short arrow above the letter used to repre-
sent it (    P

S
) or by underlining the letter (P ). The last method may 

be preferred since underlining can also be used on a computer. 
The magnitude of a vector defines the length of the arrow used 
to represent the vector. In this text, italic type will be used to 
denote the magnitude of a vector. Thus, the magnitude of the vec-
tor  P  will be denoted by  P.  
    A vector used to represent a force acting on a given particle 
has a well-defined point of application, namely, the particle itself. 
Such a vector is said to be a  fixed , or  bound , vector and cannot be 
moved without modifying the conditions of the problem. Other 
physical quantities, however, such as couples (see Chap. 3), are 
represented by vectors that may be freely moved in space; these 
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17that line; through the use of an appropriate scale, the length of this 
segment may be chosen to represent the magnitude of the force. 
Finally, the sense of the force should be indicated by an arrowhead. 
It is important in defining a force to indicate its sense. Two forces 
having the same magnitude and the same line of action but different 
sense, such as the forces shown in  Fig. 2.1  a  and  b , will have directly 
opposite effects on a particle. 
    Experimental evidence shows that two forces  P  and  Q  acting 
on a particle  A  ( Fig. 2.2  a ) can be replaced by a single force  R  which 
has the same effect on the particle ( Fig. 2.2  c ). This force is called 
the  resultant  of the forces  P  and  Q  and can be obtained, as shown 
in  Fig. 2.2  b , by constructing a parallelogram, using  P  and  Q  as two 
adjacent sides of the parallelogram.  The diagonal that passes through 
A represents the resultant.  This method for finding the resultant is 
known as the  parallelogram law  for the addition of two forces. This 
law is based on experimental evidence; it cannot be proved or derived 
mathematically.    

 2.3   VECTORS  
 It appears from the above that forces do not obey the rules of addi-
tion defined in ordinary arithmetic or algebra. For example, two 
forces  acting at a right angle to each other, one of 4 lb and the other 
of 3 lb, add up to a force of 5 lb,  not  to a force of 7 lb. Forces are 
not the only quantities which follow the parallelogram law of addi-
tion. As you will see later,  displacements, velocities, accelerations , and 
 momenta  are other examples of physical quantities possessing mag-
nitude and direction that are added according to the parallelogram 
law. All these quantities can be represented mathematically by  vec-
tors , while those physical quantities which have magnitude but not 
direction, such as  volume, mass , or  energy , are represented by plain 
numbers or  scalars.  
    Vectors are defined as  mathematical expressions possessing 
magnitude and direction, which add according to the parallelo-
gram law.  Vectors are represented by arrows in the illustrations 
and will be distinguished from scalar quantities in this text through 
the use of boldface type ( P ). In longhand writing, a vector may be 
denoted by drawing a short arrow above the letter used to repre-
sent it (    P

S
) or by underlining the letter (P ). The last method may 

be preferred since underlining can also be used on a computer. 
The magnitude of a vector defines the length of the arrow used 
to represent the vector. In this text, italic type will be used to 
denote the magnitude of a vector. Thus, the magnitude of the vec-
tor  P  will be denoted by  P.  
    A vector used to represent a force acting on a given particle 
has a well-defined point of application, namely, the particle itself. 
Such a vector is said to be a  fixed , or  bound , vector and cannot be 
moved without modifying the conditions of the problem. Other 
physical quantities, however, such as couples (see Chap. 3), are 
represented by vectors that may be freely moved in space; these 
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در این روش به منظور ترسیم مجموع چند 
بردار مانند شکل )2-11( از یک نقطه دلخواه مانند 
O هم سنگ بردار اول را رسم می کنیم و از انتهای 
بردار رسم شده هم سنگ بردار دوم ترسیم می شود. 
می یابد؛  ادامه  بردارها  تمامی  ترسیم  تا  روند  این 
برداری که از ابتدای بردار اول به انتهای بردار آخر 
شکل  بود.  خواهد  بردارها  مجموع  می شود،  رسم 

)12-2(

تذکر: 
با استفاده از تعریف  عملیات تفریق دو یا چند بردار به روش های فوق 

بردار مخالف مطابق شکل )2-13( امکان پذیر است. یعنی:

  A B A ( B)− = + −
   

                              )2-2(

B


A


C


B


A


C


A B C+ +






O

A
B−



A
B−









A


B−


A
B−









 B


A و


تفاضل بردارهای
به روش مثلث

 B


A و


تفاضل بردارهای
به روش متوازی الاضلاع

شکل 11-2

شکل 12-2

شکل 13-2

نکته 1( 
هر گاه انتهای آخرین بردار بر ابتدای بردار اول منطبق گردد )یک چندضلعی بسته تشکیل 

شود(، مجموع بردارها صفر خواهد بود.
نکته 2( 

در حالتی که بردارها موازی یا هم راستا باشند، برای جمع و تفریق آن ها کافی است با در 
نظر گرفتن جهت بردارها، آن ها را روی یک محور ترسیم نمود.

B


A


A


B−

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مثال 1

A  را به روش ترسیمی نشان داده و B−
 

A و  B+
 

در شکل زیر بردارهای 
اندازة تقریبی آن را با خط کش مقیاس برداشت نمایید. 

)ابعاد شبکه برابر 10 واحد است(

مجموع دو بردار به روش مثلث

A


B


R
A

B
40

=
+

=







A


B


10

10



15

P
R
O

B
L
E
M

S

2
3

8

 
6

.1
th

r
o
u
g
h
 
6

.1
8

 
U

sin
g
 th

e
 m

e
th

o
d

 o
f jo

in
ts, d

e
te

rm
in

e
 th

e
 fo

rc
e
 

in
 e

a
c
h

 m
e
m

b
e
r o

f th
e
 tru

ss sh
o

w
n

. S
ta

te
 w

h
e
th

e
r e

a
c
h

 m
e
m

b
e
r 

is in
 te

n
sio

n
 o

r c
o

m
p

re
ssio

n
.

1
8
0
0
 lb

4
 ft

8
 ft

3
 ft

A
B

C

F
ig

. 
P
6

.1

A

B

C

8
4
 k

N

3
 m

1
.2

5
 m

4
 m

F
ig

. 
P
6

.2

A
B

4
5
0
 lb

C

2
4
 in

.
7
.5

 in
.

1
0
 in

.

F
ig

. 
P
6

.3

D

C

A

B
0
.7

 m

2
.4

 m
2
.4

 m

4
8
 k

N

3
5
 k

N

F
ig

. 
P
6

.4

4
0
 in

.

3
2
 in

.

3
0
 in

.
C B

A
6
0
0
 lb

F
ig

. 
P
6
.5

4
0
0
 m

m
5
0
0
 m

m

3
7
5
 m

m

B
C

A 1
2
0
0
 N

F
ig

. 
P
6

.6

A

C
D

B

3
 m

3
 m

1
.2

5
 m

2
 k

N
2
 k

N

F
ig

. 
P
6
.7

A
B

C

D
E

F

2
0
 k

N

1
2
 k

N

5
 k

N
5
 k

N

1
.6

 m

3
 m

3
 m

F
ig

. 
P
6

.8

A
B

C

D

E
F

1
2
 k

ip
s

1
8

 k
ip

s

5
 ft

5
 ft

1
2
 ft

F
ig

. 
P
6

.9

b
e
e
8
0
1
5
6
_
c
h
0
6
_
2
2
6
-
2
7
5
.
i
n
d
d
 
P
a
g
e
 
2
3
8
 
 
1
0
/
1
6
/
0
9
 
 
1
1
:
5
0
:
4
6
 
A
M
 
u
s
e
r
-
s
1
7
3

/
V
o
l
u
m
e
s
/
M
H
D
Q
-
N
e
w
/
M
H
D
Q
1
5
2
/
M
H
D
Q
1
5
2
-
0
6

P
R
O

B
L
E
M

S

2
3

8

 
6

.1
th

r
o
u
g
h
 
6

.1
8

 
U

sin
g
 th

e
 m

e
th

o
d

 o
f jo

in
ts, d

e
te

rm
in

e
 th

e
 fo

rc
e
 

in
 e

a
c
h

 m
e
m

b
e
r o

f th
e
 tru

ss sh
o

w
n

. S
ta

te
 w

h
e
th

e
r e

a
c
h

 m
e
m

b
e
r 

is in
 te

n
sio

n
 o

r c
o

m
p

re
ssio

n
.

1
8
0
0
 lb

4
 ft

8
 ft

3
 ft

A
B

C

F
ig

. 
P
6

.1

A

B

C

8
4
 k

N

3
 m

1
.2

5
 m

4
 m

F
ig

. 
P
6

.2

A
B

4
5
0
 lb

C

2
4
 in

.
7
.5

 in
.

1
0
 in

.

F
ig

. 
P
6

.3

D

C

A

B
0
.7

 m

2
.4

 m
2
.4

 m

4
8
 k

N

3
5
 k

N

F
ig

. 
P
6

.4

4
0
 in

.

3
2
 in

.

3
0
 in

.
C B

A
6
0
0
 lb

F
ig

. 
P
6
.5

4
0
0
 m

m
5
0
0
 m

m

3
7
5
 m

m

B
C

A 1
2
0
0
 N

F
ig

. 
P
6

.6

A

C
D

B

3
 m

3
 m

1
.2

5
 m

2
 k

N
2
 k

N

F
ig

. 
P
6
.7

A
B

C

D
E

F

2
0
 k

N

1
2
 k

N

5
 k

N
5
 k

N

1
.6

 m

3
 m

3
 m

F
ig

. 
P
6

.8

A
B

C

D

E
F

1
2
 k

ip
s

1
8

 k
ip

s

5
 ft

5
 ft

1
2
 ft

F
ig

. 
P
6

.9

b
e
e
8
0
1
5
6
_
c
h
0
6
_
2
2
6
-
2
7
5
.
i
n
d
d
 
P
a
g
e
 
2
3
8
 
 
1
0
/
1
6
/
0
9
 
 
1
1
:
5
0
:
4
6
 
A
M
 
u
s
e
r
-
s
1
7
3

/
V
o
l
u
m
e
s
/
M
H
D
Q
-
N
e
w
/
M
H
D
Q
1
5
2
/
M
H
D
Q
1
5
2
-
0
6

A


B


R
A

B
40

=
+

=







مجموع دو بردار به روش متوازی الاضلاع

تفاضل دو بردار به روش مثلث

تفاضل دو بردار به روش متوازی الاضلاع
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D A B 63
= − =
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م مربوط به اين موضوع را ببينيد.
فيل
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2-5	        تجزیة یک بردار به مؤلفه های آن به روش ترسیمی 
همان گونه که در قسمت قبل دیدیم دو بردار با امتداد و مقادیر مشخص را می توان با استفاده 
از روش های مثلث یا متوازی الاضلاع با یکدیگر جمع نمود و مجموع آن ها را به دست آورد؛ 
که این بردارِ مجموع را برآیند دو بردار اولیه نیز می نامند. حال چنان چه دو امتداد دلخواه در 
F نیز داده شده باشد می توان آن را بر روی دو امتداد 



صفحه داشته باشیم و برداری به نام 
مورد نظر به شرح ذیل تجزیه نمود که عکس عمل جمع دو بردار می باشد. شکل های )14-2( 

و )15-2(
F دو خط به موازات محورهای a و b ترسیم نموده )خطوط'a و'b( تا 



1( از انتهای بردار 
آن ها را در نقاط O1 و O2 قطع نماید.

aF نشان داده می شود.


F روی امتداد a خواهد بود که با 


OO1 مؤلفة 



2( بردار 

bF نشان داده می شود.


F روی امتداد b خواهد بود که با نماد 


OO2 مؤلفة 



3( بردار 
روش فوق، روش کلی برای تجزیة یک بردار است. حالت خاصی از آن تجزیة یک بردار روی 

دو محور متعامد )عمود بر هم( است که کاربرد زیای در حل مسائل ایستایی دارد.

شکل 14-2

شکل 15-2

o

o1

o2

o
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شکل 16-2

2-6             تجزیة یک بردار به مؤلفه های متعامد آن در دستگاه مختصات دکارتی 
R با زاویه θ نسبت به محور x مفروض است. می خواهیم 



مطابق شکل )2-16( بردار 
آن را روی محورهای متعامد x و y تجزیه نمائیم. چنان چه مطابق مراحل سه گانه در بخش 

)2-5( عمل کنیم، به شکل )2-17( خواهیم رسید.

R

θ
o x

y

مثال 2

روی  را   F بردار  روبه رو  شکل  در 
امتدادهای a و b تجزیه کنید.

حل: 
b'

a'

b

a
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مثال 3

وارد  میخی  بر  شکل  مطابق   F نیروی 
می شود. مطلوب است تجزیه این نیرو روی 
محورهای x و y و محاسبه مقادیر مؤلفه ها.

حل: 
تجزیه  متعامد  مؤلفه های  به  را   F نیروی 

می کنیم.

x x

y y

F Fcos cos F / N

F Fsin sin F N

1000 30 866 02

1000 30 500

= θ = × ⇒ =

= θ = × ⇒ =





F N1000=

30
Fy

Fx

با   Ry و   Rx مؤلفه های  مقدار  یا  اندازه 
شدة  رنگ  مثلث  در  مثلثاتی  روابط  از  استفاده 

شکل )2-17( به شکل زیر محاسبه می شوند:

x
x

y
y

Rcos R R.cos
R

R
sin R R.sin

R

θ = ⇒ = θ

θ = ⇒ = θ

x

R

θ

Ry

Rx o1
o

o2

y

شکل 17-2
)3-2(

F N1000=

30

م مربوط به اين موضوع را ببينيد.
فيل
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مثال 4

2-6-1- نمایش برداری یک بردار در دستگاه مختصات دکارتی
در دستگاه مختصات دکارتی محورهای ox و oy بر یکدیگر عمود بوده و بردارهای واحد 
R در این 



j نمایش داده می شوند و برداری مانند بردار 


i و 


)یکه( روی آن ها به ترتیب با 
دستگاه با رابطة زیر تعریف می شود:

R روی محور y می باشد.


R روی محور x و Ry مؤلفة 


که در رابطة بالا Rx مؤلفة 

فرم برداری بردار F در شکل )مثال 3( را بنویسید.
حل:

 می باشد.
x yF F i F j= +

  

F به صورت 


فرم برداری بردار 
با توجه به نتایج مثال 3 داریم:

بنابراین:

2-7             تعیین اندازة یک بردار با استفاده از مؤلفه های متعامد آن 
امتدادهای مختلف تجزیه کرد  به دو مؤلفه روی  همان طور که یک بردار را می توان 
می توان به کمک مؤلفه های یک بردار، اندازة بردار و زاویة آن را به کمک رابطة فیثاغورث و 

نسبت های مثلثاتی تعیین کرد.
x داشته باشیم، می توان اندازه R و زاویه آ ن را  yR R i R j= +

  

هر گاه برداری مانند 
با امتداد x به صورت زیر تعیین نمود:

)5-2(                  R بردار )مقدار )اندازه

زاویه بردار R نسبت به محور x ها   )6-2(

x y

y

x

R R R

R
tan

R

2 2

1−

= +

θ =
x y

y

x

R R R

R
tan

R

2 2

1−

= +

θ =

x yR R i R j= +
  

F / i j866 02 500= +
  

x

y

F / N
F N

866 02
500

=
=

)4-2(

م مربوط به اين موضوع را ببينيد.
فيل
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خلاصه فصل
• کمیت های فیزیکی به دو دستة کلی تقسیم می شوند: 

الف- کمیت های اسکالر )عددی(  ب-    کمیت های برداری
• بردارهای یکه )واحد( روی محورهای x و y در دستگاه مختصات دکارتی به ترتیب با      

j نمایش داده می شوند.


i و 


• جمع و تفریق کمیت های برداری با جمع و تفریق کمیت های عددی متفاوت می باشد.
• جمع و تفریق دو یا چند بردار به صورت ترسیمی با روش های مثلث و متوازی الاضلاع 

و چندضلعی، انجام می شود.
• هر بردار را می توان روی دو محور دلخواه به مؤلفه های آن تجزیه نمود.

• مؤلفه های متعامد یک بردار در صفحه مختصات دکارتی با روابط زیر محاسبه می شوند:

از مؤلفه های متعامد آن در صفحة مختصات دکارتی  استفاده  با  بردار  برداری یک  • فرم 

x yR R i R j= +
  

عبارت است از:                     
• برای جمع و تفریق بردارهای هم راستا و یا موازی کافی است اندازة آن ها را با یکدیگر 

به صورت جبری جمع و یا تفریق نمود.
x و زاویة آن با محور x ها از روابط زیر تعیین می شوند: yR R i R j= +

  

• اندازه برداری مانند 
R اندازه بردار

x با محور R زاویه بردار

x y

y

x

R R R

R
tan ( )

R

2 2

1−

= +

θ =

x

y

R R.cos
R R.sin

= θ
= θ

مثال 5
نموده،  ترسیم  را   F ( i j)30 40= +

  

بردار 
مقدار و زاویة آن را با محور x ها به دست آورید.

x y

y

x

F F F F F

F
tan tan /

F

2 2 2 2

1 1

30 40 50

40 53 13
30

− −

= + ⇒ = + ⇒ =

θ = ⇒ θ = ⇒ θ = 

x

F=50

θ=53/13°

Fx=30

Fy=40

o

y
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خودآزمایی

1- کمیت های فیزیکی را نام برده و هر یک را تعریف کنید و مثال بزنید.
2- از کمیت های زیر کدام یک اسکالر و کدام یک برداری می باشند؟

شتاب - وزن - سطح - حجم - جابه جایی
3- انواع بردارها را نام برده و هر کدام را تعریف کنید.

4- در هر شکل جمع بردارهای داده شده را به روش ترسیمی نشان دهید و اندازه و زاویة 
بردار برآیند با امتداد افق را با استفاده از خط کش و نقاله اندازه گیری نمائید.

)الف(

)ب(

1
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F را به روش ترسیمی تعیین  P Q− +
  

A و  B−
 

5- در شکل های زیر حاصل عبارات 
کنید.

6- بردارهای زیر را به روش ترسیمی روی محورهای داده شده تجزیه کنید.
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8- بردارهای زیر را ترسیم نموده و اندازه و زاویه هر یک را نسبت به محور x و y تعیین 
کنید.
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