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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
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1-1- تعریف علم مکانیک

1-2- مفاهیم اصلی در علم مکانیک

علم مکانیک علمی است که شرایط سکون و حرکت اجسام تحت تأثیر نیرو را بررسی می کند.

حوزه های علم مکانیک

1- مکانیک اجسام صلب

2- مکانیک اجسام تغییرشکل پذیر )مقاومت مصالح(
3- مکانیک سیالات )مایعات و گازها(

- استاتیک: اجسام صلب ساکن
را مورد بررسی قرار می دهد.

- دینامیک: اجسام صلب متحرک
را مورد بررسی قرار می دهد.

در این کتاب از حوزه های فوق، با مکانیک اجسام صلب ساکن )استاتیک( آشنا می شویم.

{ {
مفاهیـم اصلـی و مـورد اسـتفاده در علـم مکانیـک و معرفـی یکاهـای اندازه گیـری آن هـا در سـامانة بین المللی 

یکاهـا )SI( بـه شـرح زیر می باشـد.
 :)Space( 1- فضا

ناحیـه هندسـی اسـت کـه رویدادهـای فیزیکـی در آن رخ می دهـد. موقعیت هر نقطه در فضـا را مکان می نامیم که نسـبت به یک 
نقطـة مرجـع تعیین می شـود و واحـد اندازه گیری آن در سـامانة SI ، متر )m( می باشـد.

 :)Time( 2- زمان
فاصلة بین وقوع دو رویداد فیزیکی زمان نام دارد و واحد اندازه گیری آن ثانیه )s( می باشد.

 :)Mass( 3- جرم
هـر چیـزی کـه فضـا را اشـغال نمایـد مـاده نام دارد و جسـم ماده ای اسـت که به وسـیلة یک سـطح بسـته محدود شـده 
اسـت. مقـدار مـادة تشـکیل دهنـدة هر جسـم را جرم آن جسـم می نامیم و واحـد اندازه گیـری آن کیلوگرم )kg( اسـت.

 :)Force( 4- نیرو
تأثیر یک جسم بر جسم دیگر را نیرو می نامیم و واحد اندازه گیری آن نیوتن )N( است.

این تأثیر می تواند تغییر در حرکت، تغییر شکل و یا چرخش اجسام باشد.

بیشتر 
بدانیم 

محمد کرجی از نوابغ مهندسی ایران در بیش از هزار سال پیش بوده است.
کرجـی در کتـاب »اسـتخراج آب هـای زیرزمینـی« به وضـوح از کرویـّت زمیـن و قـوة جاذبه و قوانیـن تعادل 
و حرکـت، کـه برخـی از آن هـا چندیـن قـرن بعـد توسـط دانشـمندان اروپایی مطرح شـد سـخن می گوید.
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1 - 3 - فرضیات

1 - 4 - قوانین نیوتن

در علم مکانیک به منظور ساده تر شدن حل مسائل، فرضیاتی به شرح زیر در نظر گرفته می شود.
 :)Rigid Body( 1- جسم صلب

جسمی است که در اثر اعِمال نیرو تغییر شکل ندهد.
 :)Particle( 2- نقطه مادی

جسـمی اسـت کـه از ابعـاد آن صرف نظـر می شـود؛ بـه عنـوان مثال می تـوان کره زمیـن را در فضـا به صورت یـک نقطه 
مادی در نظـر گرفت.

مکانیک اجسام صلب بر اساس قوانین نیوتن به شرح زیر استوار است:
1- قانون اول نیوتن: 

هرگاه مجموع نیروهای وارد بر یک جسم صفر باشد:
اگر جسم ساکن باشد تا ابد ساکن باقی می ماند.  

اگر در حال حرکت باشد به حرکت یکنواخت و مستقیم الخط خود ادامه می دهد.  {

یک مورد خاص و بسیار مهم این قانون وزن اجسام است که به صورت زیر تعریف می شود:
 :)Weight( تعریف وزن

وزن نیرویـی اسـت کـه از طـرف زمیـن بـه اجسـام وارد می شـود و بـا رابطـه )2( بیـان می گـردد کـه شـباهت زیـادی با 
رابطـة )1( دارد.

)2(          
w : وزن جسم بر حسب نیوتن
kg جرم جسم بر حسب : m

( می باشد. mg / ~
s29 81 10= g : شتاب جاذبه زمین معادل )

تذکر: 
واحد دیگر وزن، کیلوگرم نیرو )kgf( می باشد که معادل 10 نیوتن است یعنی:

2- قانون دوم نیوتن: 
هـرگاه مجمـوع نیروهـای وارد بر یک جسـم صفر نباشـد، آن جسـم شـتابی متناسـب با مجمـوع نیروها و در راسـتای آن 

می گیـرد. قانـون دوم نیوتـن بـا رابطـة زیر تعریف می شـود:
)1(          

در این رابطه:
N مجموع نیروهای وارد بر جسم بر حسب F

kg جرم جسم بر حسب m
 می باشد. m

s2
a شتاب ایجاد شده در جسم بر حسب 

w m.g=

kgf ~ N1 10

F m.a=
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 شکل 1 

3- قانون سوم نیوتن: 
هـر عملی را عکس العملی اسـت مسـاوی بـا آن و در جهت 

خلاف آن. )شـکل 1(

پیشوندهای واحدهای اندازه گیری:
منظـور از پیشـوند، یـک مقـدار عـددی اسـت کـه بـا حـروف الفبـای یونانـی تعریـف شـده )مطابـق جـدول 1( و قبل از 

واحدهـای اندازه گیـری قـرار می گیـرد.

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 
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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 
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جدول )1( پیشوندهای آحاد اندازه گیری
نام پیشوند علامت اختصاری مقدار عددی شکل توانی

پیکو p 0/000000000001 10-12

نانو n 0/000000001 10-9

میکرو μ 0/000001 10-6

میلی m 0/001 10-3

کیلو K 1,000 103

مگا M 1,000,000 106

گیگا G 1,000,000,000 109

ترا T 1,000,000,000,000 1012

نکته

نکته

نکته

مزیـت اسـتفاده از پیشـوندها این اسـت که از نوشـتن اعـداد خیلـی بزرگ و خیلـی کوچک اجتناب می شـود. به 
عنـوان مثـال می تـوان N 247500 را بـه صـورت kN 247/5 و یا m 0/00546 را به شـکل mm 5/46 نوشـت.

در ایـن کتـاب از سـامانه بین المللـی واحدهـای اندازه گیـری )SI( اسـتفاده می کنیـم کـه در اکثـر کشـورها 
نیـز پذیرفته شـده اسـت.

• بیـن پیشـوند و واحـد اندازه گیـری مـورد نظـر از هیـچ علامتـی اسـتفاده نمی شـود امـا بیـن دو واحـد اندازه گیـری 
مختلـف هـر علامتـی نظیـر × و / می توانـد وجـود داشـته باشـد بـه طـور مثال:

N.m یعنی نیوتن متر و nm یعنی نانومتر که معادل )m 9-10( می باشد. 
مثال: MN 5-10 × 7/5 چند نیوتن است؟

/ N5 67 5 10 10 75−× × =
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به طور کلی کمیت های فیزیکی به دو دستة اصلی و فرعی تقسیم بندی می شوند.

دیمانسیون
بـه رابطـة کمیت هـای اصلـی و فرعی دیمانسـیون یا معادلـة ابعـادی گفته می شـود. در این معادلـه کمیت های 

فرعـی بر حسـب دیمانسـیون کمیت هـای اصلی تعریـف می گردند.
دیمانسیون طول را به L و دیمانسیون جرم را با M و  دیمانسیون زمان را با T نشان می دهند.

به طـور مثـال دیمانسـیون نیـرو کـه یـک کمیت فرعی اسـت را بـا توجه بـه قانـون دوم نیوتن یعنـی F=ma به 
F نمایـش می دهند. MLT 2−= صـورت 

کمیت هـای اصلـی: بـه کمیت هایـی گفته می شـود کـه مسـتقل اند و در ایـن پودمـان عبارت اند از 
.)T( و زمان )M( جـرم ،)L( طـول

کمیت هـای فرعـی: بـه کمیت هایـی گفته می شـود که وابسـته بـه کمیت هـای اصلی هسـتند و از 
آنهـا ناشـی می شـوند. مانند نیرو، گشـتاور نیرو، سـرعت، کار، انـرژی و ...

کمیت هـای عـددی یا اسـکالر: کمیت هایی هسـتند که فقـط دارای انـدازه یا مقـدار می باشـند؛ مانند 
طـول، جرم، زمـان، کار و انرژی.

کمیت هـای بـرداری: کمیت هایـی هسـتند کـه عـلاوه بـر مقـدار دارای جهـت و راسـتا نیـز می باشـند. 
ماننـد: بردارهـای نیـرو، گشـتاور، سـرعت، شـتاب و جابه جایـی.

هـر بـردار به صورت یـک پیکان بـا طولی متناسـب با 
مقدار آن ترسـیم می شـود

F( با 


بـه عنـوان مثـال در شـکل )2(، بـردار نیـروی )
مقـدار N 80 و بـا زاویه °30 نسـبت بـه محور x و در 
جهت و راسـتای نشـان داده شـده ترسـیم شده است.

F
N80=

x30°

راستای بردار

جهت بردار

1 - 5 - کمیت های فیزیکی

)Vector( 1 - 6 - بردارها

 شکل 2 

{
{

در یک تقسیم بندی دیگر کمیت های فیزیکی به دو دستة اسکالر و برداری تقسیم  می شوند.

زاویه امتداد هر بردار، با یک امتداد مبنا که معمولاً امتدادهای x یا y است، مشخص می شود.نکته
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1- بردار لغزان 
برداری است که اگر در راستای خود جابه جا شود، اثر آن بر جسم تغییر ننماید. همانند نیروی F در شکل )3(

P


F


4- بردارهای زوج 
دو بـردار مسـاوی، مـوازی و مختلف الجهـت را بردارهـای 
P زوج انـد.



F و 


Pزوج می نامیـم. در شـکل )5( بردارهـای


F


 شکل 3 

1 - 7 - انواع بردارها
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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 
order to keep our presentation more intuitive, however, we will carry 
it out in terms of physical forces rather than in terms of mathematical 
sliding vectors. 
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  Fig. 3.4    

    Returning to the example of the truck, we first observe that the 
line of action of the force  F  is a horizontal line passing through both 
the front and the rear bumpers of the truck ( Fig. 3.4 ). Using the 
principle of transmissibility, we can therefore replace  F  by an  equiva-
lent force   F 9 acting on the rear bumper. In other words, the condi-
tions of motion are unaffected, and all the other external forces 
acting on the truck ( W ,  R  1 ,  R  2 ) remain unchanged if the people push 
on the rear bumper instead of pulling on the front bumper. 
    The principle of transmissibility and the concept of equivalent 
forces have limitations, however. Consider, for example, a short bar 
 AB  acted upon by equal and opposite axial forces  P  1  and  P  2 , as shown 
in  Fig. 3.5  a . According to the principle of transmissibility, the force 
 P  2  can be replaced by a force  P 9 2  having the same magnitude, the 
same direction, and the same line of action but acting at  A  instead 
of  B  (Fig. 3.5 b ). The forces  P  1  and  P 9 2  acting on the same particle 
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3- بردارهای هم سنگ
بردارهـای  را  هم جهـت  و  مـوازی  مسـاوی،  بـردار  دو 
 P


و   F


بردارهـای هم سـنگ می نامیـم. در شـکل )4( 
ند. ا هم سـنگ 

6- بردار یکه )واحد( 
بـرداری کـه مقـدار )انـدازه( آن برابـر واحـد اسـت را بردار 

یکـه یـا واحـد می نامیم.
 و روی محـور y ها  i



بـردار واحـد روی محـور x هـا را بـا 
 نمایـش می دهنـد. شـکل )7( j



را بـا 

5- بردارهای مخالف 
دو بـردار مسـاوی، هم راسـتا و مختلف الجهـت را بردارهای 

مخالف گویند. )شـکل 6(

F


F−


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- بردار ثابت 
بـرداری اسـت کـه مـکان معینـی را در فضا اشـغال می کنـد و نمی تـوان آن را جابه جـا نمود. یعنـی با جابه جا کـردن آن، 
اثـر آن بـر جسـم تغییـر می نمایـد. مثلًا ضربه ای که به سـر انسـان وارد می شـود بـا ضربه ای که بـا همان مقـدار و همان 

جهـت بـه پـای او وارد می آید متفاوت اسـت.
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تعریف نیوتن با استفاده از قانون دوم نیوتن
یـک نیوتـن مقدار نیرویی اسـت کـه اگر به جـرم یک کیلوگرم وارد شـود، 
در آن شـتابی معـادل یـک متـر بـر مجـذور ثانیـه و در جهت اعِمـال نیرو 

ایجـاد نماید.

F m.a
mN kg
s21 1 1

=

= ×

7- بردار نیرو 
بـرداری اسـت کـه عـلاوه بـر مقدار، جهـت و راسـتا دارای نقطه اثـر نیز می باشـد. در شـکل )8( نقطـه A ، نقطه اثر بردار 

F می باشـد. 


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

عملیـات جمـع و تفریـق کمیت هـای بـرداری بـا جمـع و تفریـق کمیت هـای عـددی )اسـکالر( متفاوت اسـت. 
یعنـی نمی تـوان مقادیـر عـددی دو یـا چنـد بـردار، به غیـر از بردارهـای هم راسـتا، و مـوازی را بـا یکدیگر جمع 
( در بالای آن اسـتفاده  V  از علامت )



و یـا تفریـق نمـود. در ایـن کتاب برای نشـان دادن یـک بردار ماننـد
( بالای آن برداشـته می شـود. می شـود و بـرای نشـان دادن مقـدار )انـدازه( آن بـردار علامـت )

V


V


: V اندازه یا مقدار بردار

:                   V بردار

 شکل 8 

1 - 8 - جمع و تفریق بردارها

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    

W

F

R1 R2

  Fig. 3.2    

�

F

F'

  Fig. 3.3    

3.3 Principle of Transmissibility. 
Equivalent Forces
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1-8-1- روش های جمع و تفریق بردارها
جمع و تفریق بردارها به دو روش 1- ترسیمی 2- محاسباتی انجام می شود.

1-8-1-1- روش ترسیمی
در ایـن روش بـا اسـتفاده از وسـایل ترسـیم و مقیاس مناسـب جمع و تفریـق بردارها انجام می شـود. روش های 

ترسـیمی جمع و تفریق بردارها شـامل سـه روش زیر می باشـد:
الف( روش مثلث

ب( روش متوازی الاضلاع
ج( روش چندضلعی

لازم بـه ذکـر اسـت کـه روش های مثلـث و متوازی الاضلاع بـرای مجموع یـا تفاضل دو بـردار و روش چندضلعی 
بـرای مجمـوع یـا تفاضل بیش از دو بردار مناسـب می باشـند.
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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 

A

P

Q

(a)

A

P
R

Q

(b)

A

R

(c)

Fig. 2.2

2.3   Vectors

bee80156_ch02_014-063.indd Page 17  9/29/09  9:31:44 PM user-s173 /Volumes/MHDQ-New/MHDQ152/MHDQ152-02

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. 
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 شکل 9 

 شکل 10 

الف( روش مثلث
Q مطابـق شـکل )9( مفـروض اسـت. 



P و 


دو بـردار 

P به  Q+
 

بـرای به دسـت آوردن مجموع آن هـا یعنی 
صـورت زیـر عمـل می کنیم:

1( از نقطـه دلخـواه مانند A هم سـنگ یکی از بردارها 
ترسـیم می شود

2( از انتهـای بـردار اول هم سـنگ بـردار دوم ترسـیم 
می شـود

3( بـرداری کـه از ابتـدای بـردار اول بـه انتهـای بردار 
دوم وصـل می شـود مجمـوع دو بـردار خواهـد بود که 
اندازه گیـری  به وسـیلة خط کـش مقیـاس  مقـدار آن 

می شـود: شـکل )10(

R P Q= +
  

    )3(   

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.

A

A

P

P

Q

Q

P + Q

P + Q

(a)

(b)

Fig. 2.7

P 
– 

Q

P
P

Q

–Q

(a) (b)

Fig. 2.8

2.4 Addition of Vectors
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 شکل 11 

 شکل 12 

ب( روش متوازی الاضلاع
Q مطابـق شـکل )11( مفروض اسـت 



P و 


دو بـردار 
R مدنظر می باشـد.  P Q= +

  

و مجمـوع آن هـا یعنی 
عمـل  زیـر  شـرح  بـه  متوازی الاضـاع  قانـون  طبـق 

می نمائیـم: شـکل )12(
 P


1( از نقطـه دلخـواه ماننـد O هم سـنگ بردارهای 
Q را ترسـیم می نمائیـم



و
Q خطـی 



P بـه مـوازات بـردار


انتهـای بـردار از   )2
)d1 )خـط  می شـود  ترسـیم 

P خطـی 


Q بـه مـوازات بـردار


انتهـای بـردار از   )3
ترسـیم می شـود )خـط d2( تـا خـط d1 را در نقطـه 

´O قطـع نمایـد.
4( بـرداری کـه از O بـه 'O ترسـیم می شـود همـان 
R خواهـد بـود کـه 



Q یعنـی


P و


مجمـوع دو بـردار
مقـدار آن بـا رابطـة )4( محاسـبه می شـود:

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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 شکل 14 

ج( روش چندضلعی
در ایـن روش بـه منظـور ترسـیم مجمـوع چنـد بردار 
 O ماننـد شـکل )13( از یـک نقطـه دلخـواه ماننـد
هم سـنگ بـردار اول را رسـم می کنیـم و از انتهـای 
ترسـیم  دوم  بـردار  هم سـنگ  شـده  رسـم  بـردار 
می شـود. ایـن رونـد تـا ترسـیم تمامـی بردارهـا ادامه 
می یابـد؛ بـرداری کـه از ابتـدای بـردار اول بـه انتهای 
بـردار آخـر رسـم می شـود، مجمـوع بردارهـا خواهـد 

بـود. شـکل )14(

B


A


C


B


A


C


A B C+ +






O

A
B−



A
B−









A


B−


A
B−









  B


 و A
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تفاضل بردارهای
به روش متوازی الاضلاع
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نکته

نکته

• هـر گاه انتهـای آخریـن بـردار بـر ابتـدای بـردار اول منطبـق گردد )یک چندضلعی بسـته تشـکیل شـود(، 
مجمـوع بردارهـا صفر خواهـد بود.

• در حالتـی کـه بردارهـا مـوازی یا هم راسـتا باشـند، برای جمـع و تفریق آن ها کافی اسـت بـا در نظر گرفتن 
جهـت بردارها، آن هـا را روی یک محور ترسـیم نمود.

عملیـات تفریـق دو یـا چنـد بردار بـه روش های فوق بـا اسـتفاده از تعریف بـردار مخالف مطابق شـکل )15( 
امکان پذیـر اسـت. یعنی:

 A B A ( B)− = + −
                                  )5(    

در ایـن حالـت چناچـه بخواهیـم به روش محاسـباتی عمل نمائیم کافیسـت کـه بردارهای موجـود را دو به دو 
بـا هـم جمـع یـا تفریـق نمـوده و حاصـل هـر دو بـردار را با بـردار بعـد، جمع یـا تفریق کـرده و ایـن روند را 

تا آخریـن بـردار ادامه داد.
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1-9- تجزیة یک بردار به مؤلفه های آن به روش ترسیمی
همان گونـه کـه در قسـمت قبـل دیدیـم دو بردار بـا امتـداد و مقادیر مشـخص را می توان بـا اسـتفاده از روش های مثلث 
یـا متوازی الاضـلاع بـا یکدیگـر جمـع نمـود و مجمـوع آن هـا را به دسـت آورد؛ که این بـردارِ مجمـوع را برآینـد دو بردار 
F نیز داده شـده باشـد 



اولیـه نیـز می نامنـد. حـال چنانچـه دو امتـداد دلخواه در صفحه داشـته باشـیم و بـرداری به نام 
می تـوان آن را بـر روی دو امتـداد مـورد نظـر بـه شـرح ذیـل تجزیـه نمـود کـه عکـس عمـل جمـع دو بـردار می باشـد. 

)شـکل های 15 و 16(
F دو خـط بـه مـوازات محورهـای a و b ترسـیم نمـوده )خطـوط'a و'b( تا آن هـا را در نقاط O1 و 



1( از انتهـای بـردار 
O2 قطـع نماید.

 نشان داده می شود. aF


F روی امتداد a خواهد بود که با 


OO1 مؤلفة 



2( بردار 
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o

o1

o2

o

F روی امتـداد b خواهـد بود که 


OO2 مؤلفـة 



3( بـردار 

 نشـان داده می شـود. bF


بـا نماد 
روش فـوق، روش کلـی بـرای تجزیـة یـک بـردار اسـت. 
حالـت خاصـی از آن تجزیـة یـک بـردار روی دو محـور 
متعامـد )عمـود بـر هم( اسـت کـه کاربـرد زیـادی در حل 

ایسـتایی دارد. مسـائل 

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

b'

a'

b

a

حل: 

مثال 2
 شکل 16 

 شکل 15 
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1 - 10 - تجزیة یک بردار به مؤلفه های متعامد آن در دستگاه مختصات دکارتی به روش 
ترسیمی و محاسباتی

مثال 3

نسـبت   θ زاویـه  بـا   R


بـردار   )17( مطابـق شـکل 
بـه محـور x مفـروض اسـت. می خواهیـم آن را روی 
نمائیـم. چنانچـه  y تجزیـه  x و  محورهـای متعامـد 
مطابـق مراحـل سـه گانه در بخـش )1-9( عمل کنیم، 

بـه شـکل )18( خواهیـم رسـید.

R

θ
o x

y

نیـروی F مطابـق شـکل بـر میخـی وارد می شـود. 
مطلوب اسـت تجزیـه ایـن نیـرو روی محورهای x و 

y و محاسـبه مقادیـر مؤلفه هـا.

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

انـدازه یـا مقـدار مؤلفه هـای Rx و Ry بـا اسـتفاده از 
روابـط مثلثاتـی در مثلـث رنـگ شـدة شـکل )18( به 

شـکل زیـر محاسـبه می شـوند:

x
x

y
y

Rcos R R.cos
R

R
sin R R.sin

R

θ = ⇒ = θ

θ = ⇒ = θx

R

θ

Ry

Rx o1
o

o2

y

)6(

F N1000=

30

حل: 
نیروی F را به مؤلفه های متعامد تجزیه می کنیم.

 شکل 17 

 شکل 18 
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در دسـتگاه مختصـات دکارتـی محورهـای ox و oy بـر 
یکدیگـر عمـود بـوده و بردارهـای واحـد )یکـه( روی آن ها 
 نمایـش داده می شـوند و بـرداری  j



 و  i


بـه ترتیـب بـا 
R مطابـق شـکل )19( در ایـن دسـتگاه بـا 



ماننـد بـردار 
رابطـة )5( تعریـف می شـود:

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:

همان طـور کـه یـک بـردار را می تـوان بـه دو مؤلفـه روی امتدادهـای مختلـف تجزیـه کـرد می تـوان بـه کمک 
مؤلفه هـای یـک بـردار، انـدازة بـردار و زاویـة آن را به کمک رابطـة فیثاغورث و نسـبت های مثلثاتـی تعیین کرد.
 x و زاویـة امتـداد آ ن را بـا امتداد R داشـته باشـیم، می تـوان انـدازه  x yR R i R j= +

  

هـر گاه بـرداری ماننـد 
بـه صورت زیـر تعییـن نمود:

)8(                      R مقدار )اندازه( بردار

)9(        زاویه بردار R نسبت به محور x ها   

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

=
=

)7(
x

R

θ

Ry

Rx
o

y

i


j


مثال 4

1-12- تعیین اندازه و زاویة امتداد یک بردار با استفاده از مؤلفه های متعامد آن

1-11- نمایش برداری یک بردار در دستگاه مختصات دکارتی

R روی محور x و


که در رابطة فوق Rx مؤلفة 

R روی محور y می باشد.


 Ry مؤلفة 

 شکل 19 



16

مثال 5

فعالیت 
کلاسی1

F را ترسیم نموده، مقدار و زاویة امتداد آن را با محور x ها به دست آورید. ( i j)3 4= +
  

بردار

x y

y

x

F F F F F

F
tan tan /

F

2 2 2 2

1 1

3 4 5

4 53 13
3

− −

= + ⇒ = + ⇒ =

θ = ⇒ θ = ⇒ θ = 

x

F=5

θ=53/13°

Fx=3

Fy=4

o

y

x
Fx=3

Fy=4

o

y

بردارهای زیر را به روش ترسیمی روی محورهای داده شده تجزیه نمایید.

ab

F


)الف(

30 °50 °

)ب(

)ج(

x

y

S


30 °

a

b

P


20 °
30 °
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فعالیت 
کلاسی2

بردارهای زیر را به مؤلفه های متعامد آن تجزیه نمائید و فرم برداری آن ها را بنویسید.

A kN20=


B kN10=


)ب(
10

10
C


x45°

y

F=5
kN

)الف(

60°

x

y

T=2
000

N

)د()ج(

30°

3
4

x

y

F1=50 kN

F3=100 kN

F2=30 kN
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فعالیت 
کلاسی3

بردارهای زیر را ترسیم نموده و اندازه و زاویة امتداد هر یک را نسبت به محورهای x و y تعیین کنید.

F i j

P i

T / j

Q i j

4 3
5

3 5
3 3

= − +

= −

=

= − −

  

 

 

  

F i j

P i

T / j

Q i j

4 3
5

3 5
3 3

= − +

= −

=

= − −

  

 

 

  

F i j

P i

T / j

Q i j

4 3
5

3 5
3 3

= − +

= −

=

= − −

  

 

 

  

F i j

P i

T / j

Q i j

4 3
5

3 5
3 3

= − +

= −

=

= − −

  

 

 

  

الف(

ب(

ج(

د(

فعالیت 
کلاسی4

در شکل های زیر مطلوب است:
الف( فرم برداری هر بردار.

ب( اندازه هر یک را به صورت ترسیمی )با خط کش( به دست آورید.
ج( اندازه هر یک را به صورت محاسباتی به دست آورید.

د( اندازه های محاسباتی و ترسیمی هر بردار را با هم مقایسه کنید.

)الف(

)ب(

F 1
F

2

1

1

F1 F2

F3100

100
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نیرو کمیتی است برداری که می تواند باعث تغییر در حرکت، تغییرِ شکل و یا چرخش در اجسام گردد. 

نیروهایـی هسـتند که از محیط اطـراف و در خارج از 
وجـود جسـم بـه آن وارد می شـوند. مکانیک اجسـام 
صُلـب )اسـتاتیک( فقـط به نیروهـای خارجـی توجه 
دارد؛ ماننـد: وزن گـوی در شـکل )20( کـه بـه کـف 

وارد می شـود.

If, on the other hand, we want to find the distribution of internal
forces in the material of the body near the contact location, where the
internal stresses and strains may be appreciable, then we must not
treat the load as concentrated but must consider the actual distribution.
This problem will not be discussed here because it requires a knowledge
of the properties of the material and belongs in more advanced treat-
ments of the mechanics of materials and the theories of elasticity and
plasticity.

When forces are applied over a region whose dimensions are not
negligible compared with other pertinent dimensions, then we must ac-
count for the actual manner in which the force is distributed. We do
this by summing the effects of the distributed force over the entire re-
gion using mathematical integration. This requires that we know the
intensity of the force at any location. There are three categories of such
problems.

(1) Line Distribution. When a force is distributed along a line, as in
the continuous vertical load supported by a suspended cable, Fig. 5/2a,
the intensity w of the loading is expressed as force per unit length of
line, newtons per meter (N/m) or pounds per foot (lb/ft).

(2) Area Distribution. When a force is distributed over an area, as
with the hydraulic pressure of water against the inner face of a section
of dam, Fig. 5/2b, the intensity is expressed as force per unit area. This
intensity is called pressure for the action of fluid forces and stress for the
internal distribution of forces in solids. The basic unit for pressure or
stress in SI is the newton per square meter (N/m2), which is also called
the pascal (Pa). This unit, however, is too small for most applications
(6895 Pa � 1 lb/in.2). The kilopascal (kPa), which equals 103 Pa, is more
commonly used for fluid pressure, and the megapascal, which equals 106

Pa, is used for stress. In the U.S. customary system of units, both fluid
pressure and mechanical stress are commonly expressed in pounds per
square inch (lb/in.2).

(3) Volume Distribution. A force which is distributed over the vol-
ume of a body is called a body force. The most common body force is the
force of gravitational attraction, which acts on all elements of mass in a
body. The determination of the forces on the supports of the heavy can-
tilevered structure in Fig. 5/2c, for example, would require accounting
for the distribution of gravitational force throughout the structure. The
intensity of gravitational force is the specific weight �g, where � is the
density (mass per unit volume) and g is the acceleration due to gravity.
The units for �g are (kg/m3)(m/s2) � N/m3 in SI units and lb/ft3 or lb/in.3

in the U.S. customary system.
The body force due to the gravitational attraction of the earth

(weight) is by far the most commonly encountered distributed force.
Section A of this chapter treats the determination of the point in a body
through which the resultant gravitational force acts, and discusses the
associated geometric properties of lines, areas, and volumes. Section B
treats distributed forces which act on and in beams and flexible cables
and distributed forces which fluids exert on exposed surfaces.
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This problem will not be discussed here because it requires a knowledge
of the properties of the material and belongs in more advanced treat-
ments of the mechanics of materials and the theories of elasticity and
plasticity.

When forces are applied over a region whose dimensions are not
negligible compared with other pertinent dimensions, then we must ac-
count for the actual manner in which the force is distributed. We do
this by summing the effects of the distributed force over the entire re-
gion using mathematical integration. This requires that we know the
intensity of the force at any location. There are three categories of such
problems.

(1) Line Distribution. When a force is distributed along a line, as in
the continuous vertical load supported by a suspended cable, Fig. 5/2a,
the intensity w of the loading is expressed as force per unit length of
line, newtons per meter (N/m) or pounds per foot (lb/ft).

(2) Area Distribution. When a force is distributed over an area, as
with the hydraulic pressure of water against the inner face of a section
of dam, Fig. 5/2b, the intensity is expressed as force per unit area. This
intensity is called pressure for the action of fluid forces and stress for the
internal distribution of forces in solids. The basic unit for pressure or
stress in SI is the newton per square meter (N/m2), which is also called
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commonly used for fluid pressure, and the megapascal, which equals 106

Pa, is used for stress. In the U.S. customary system of units, both fluid
pressure and mechanical stress are commonly expressed in pounds per
square inch (lb/in.2).

(3) Volume Distribution. A force which is distributed over the vol-
ume of a body is called a body force. The most common body force is the
force of gravitational attraction, which acts on all elements of mass in a
body. The determination of the forces on the supports of the heavy can-
tilevered structure in Fig. 5/2c, for example, would require accounting
for the distribution of gravitational force throughout the structure. The
intensity of gravitational force is the specific weight �g, where � is the
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associated geometric properties of lines, areas, and volumes. Section B
treats distributed forces which act on and in beams and flexible cables
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If, on the other hand, we want to find the distribution of internal
forces in the material of the body near the contact location, where the
internal stresses and strains may be appreciable, then we must not
treat the load as concentrated but must consider the actual distribution.
This problem will not be discussed here because it requires a knowledge
of the properties of the material and belongs in more advanced treat-
ments of the mechanics of materials and the theories of elasticity and
plasticity.

When forces are applied over a region whose dimensions are not
negligible compared with other pertinent dimensions, then we must ac-
count for the actual manner in which the force is distributed. We do
this by summing the effects of the distributed force over the entire re-
gion using mathematical integration. This requires that we know the
intensity of the force at any location. There are three categories of such
problems.

(1) Line Distribution. When a force is distributed along a line, as in
the continuous vertical load supported by a suspended cable, Fig. 5/2a,
the intensity w of the loading is expressed as force per unit length of
line, newtons per meter (N/m) or pounds per foot (lb/ft).

(2) Area Distribution. When a force is distributed over an area, as
with the hydraulic pressure of water against the inner face of a section
of dam, Fig. 5/2b, the intensity is expressed as force per unit area. This
intensity is called pressure for the action of fluid forces and stress for the
internal distribution of forces in solids. The basic unit for pressure or
stress in SI is the newton per square meter (N/m2), which is also called
the pascal (Pa). This unit, however, is too small for most applications
(6895 Pa � 1 lb/in.2). The kilopascal (kPa), which equals 103 Pa, is more
commonly used for fluid pressure, and the megapascal, which equals 106

Pa, is used for stress. In the U.S. customary system of units, both fluid
pressure and mechanical stress are commonly expressed in pounds per
square inch (lb/in.2).

(3) Volume Distribution. A force which is distributed over the vol-
ume of a body is called a body force. The most common body force is the
force of gravitational attraction, which acts on all elements of mass in a
body. The determination of the forces on the supports of the heavy can-
tilevered structure in Fig. 5/2c, for example, would require accounting
for the distribution of gravitational force throughout the structure. The
intensity of gravitational force is the specific weight �g, where � is the
density (mass per unit volume) and g is the acceleration due to gravity.
The units for �g are (kg/m3)(m/s2) � N/m3 in SI units and lb/ft3 or lb/in.3

in the U.S. customary system.
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(weight) is by far the most commonly encountered distributed force.
Section A of this chapter treats the determination of the point in a body
through which the resultant gravitational force acts, and discusses the
associated geometric properties of lines, areas, and volumes. Section B
treats distributed forces which act on and in beams and flexible cables
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If, on the other hand, we want to find the distribution of internal
forces in the material of the body near the contact location, where the
internal stresses and strains may be appreciable, then we must not
treat the load as concentrated but must consider the actual distribution.
This problem will not be discussed here because it requires a knowledge
of the properties of the material and belongs in more advanced treat-
ments of the mechanics of materials and the theories of elasticity and
plasticity.

When forces are applied over a region whose dimensions are not
negligible compared with other pertinent dimensions, then we must ac-
count for the actual manner in which the force is distributed. We do
this by summing the effects of the distributed force over the entire re-
gion using mathematical integration. This requires that we know the
intensity of the force at any location. There are three categories of such
problems.

(1) Line Distribution. When a force is distributed along a line, as in
the continuous vertical load supported by a suspended cable, Fig. 5/2a,
the intensity w of the loading is expressed as force per unit length of
line, newtons per meter (N/m) or pounds per foot (lb/ft).

(2) Area Distribution. When a force is distributed over an area, as
with the hydraulic pressure of water against the inner face of a section
of dam, Fig. 5/2b, the intensity is expressed as force per unit area. This
intensity is called pressure for the action of fluid forces and stress for the
internal distribution of forces in solids. The basic unit for pressure or
stress in SI is the newton per square meter (N/m2), which is also called
the pascal (Pa). This unit, however, is too small for most applications
(6895 Pa � 1 lb/in.2). The kilopascal (kPa), which equals 103 Pa, is more
commonly used for fluid pressure, and the megapascal, which equals 106

Pa, is used for stress. In the U.S. customary system of units, both fluid
pressure and mechanical stress are commonly expressed in pounds per
square inch (lb/in.2).

(3) Volume Distribution. A force which is distributed over the vol-
ume of a body is called a body force. The most common body force is the
force of gravitational attraction, which acts on all elements of mass in a
body. The determination of the forces on the supports of the heavy can-
tilevered structure in Fig. 5/2c, for example, would require accounting
for the distribution of gravitational force throughout the structure. The
intensity of gravitational force is the specific weight �g, where � is the
density (mass per unit volume) and g is the acceleration due to gravity.
The units for �g are (kg/m3)(m/s2) � N/m3 in SI units and lb/ft3 or lb/in.3

in the U.S. customary system.
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If, on the other hand, we want to find the distribution of internal
forces in the material of the body near the contact location, where the
internal stresses and strains may be appreciable, then we must not
treat the load as concentrated but must consider the actual distribution.
This problem will not be discussed here because it requires a knowledge
of the properties of the material and belongs in more advanced treat-
ments of the mechanics of materials and the theories of elasticity and
plasticity.

When forces are applied over a region whose dimensions are not
negligible compared with other pertinent dimensions, then we must ac-
count for the actual manner in which the force is distributed. We do
this by summing the effects of the distributed force over the entire re-
gion using mathematical integration. This requires that we know the
intensity of the force at any location. There are three categories of such
problems.

(1) Line Distribution. When a force is distributed along a line, as in
the continuous vertical load supported by a suspended cable, Fig. 5/2a,
the intensity w of the loading is expressed as force per unit length of
line, newtons per meter (N/m) or pounds per foot (lb/ft).

(2) Area Distribution. When a force is distributed over an area, as
with the hydraulic pressure of water against the inner face of a section
of dam, Fig. 5/2b, the intensity is expressed as force per unit area. This
intensity is called pressure for the action of fluid forces and stress for the
internal distribution of forces in solids. The basic unit for pressure or
stress in SI is the newton per square meter (N/m2), which is also called
the pascal (Pa). This unit, however, is too small for most applications
(6895 Pa � 1 lb/in.2). The kilopascal (kPa), which equals 103 Pa, is more
commonly used for fluid pressure, and the megapascal, which equals 106

Pa, is used for stress. In the U.S. customary system of units, both fluid
pressure and mechanical stress are commonly expressed in pounds per
square inch (lb/in.2).

(3) Volume Distribution. A force which is distributed over the vol-
ume of a body is called a body force. The most common body force is the
force of gravitational attraction, which acts on all elements of mass in a
body. The determination of the forces on the supports of the heavy can-
tilevered structure in Fig. 5/2c, for example, would require accounting
for the distribution of gravitational force throughout the structure. The
intensity of gravitational force is the specific weight �g, where � is the
density (mass per unit volume) and g is the acceleration due to gravity.
The units for �g are (kg/m3)(m/s2) � N/m3 in SI units and lb/ft3 or lb/in.3

in the U.S. customary system.
The body force due to the gravitational attraction of the earth

(weight) is by far the most commonly encountered distributed force.
Section A of this chapter treats the determination of the point in a body
through which the resultant gravitational force acts, and discusses the
associated geometric properties of lines, areas, and volumes. Section B
treats distributed forces which act on and in beams and flexible cables
and distributed forces which fluids exert on exposed surfaces.

234 Chapter 5 Distributed Forces

b

R

(a)

(b)

(b)

(c)

Enlarged view
of contact

R

C

C

C

C

R

Figure 5/1

If, on the other hand, we want to find the distribution of internal
forces in the material of the body near the contact location, where the
internal stresses and strains may be appreciable, then we must not
treat the load as concentrated but must consider the actual distribution.
This problem will not be discussed here because it requires a knowledge
of the properties of the material and belongs in more advanced treat-
ments of the mechanics of materials and the theories of elasticity and
plasticity.

When forces are applied over a region whose dimensions are not
negligible compared with other pertinent dimensions, then we must ac-
count for the actual manner in which the force is distributed. We do
this by summing the effects of the distributed force over the entire re-
gion using mathematical integration. This requires that we know the
intensity of the force at any location. There are three categories of such
problems.

(1) Line Distribution. When a force is distributed along a line, as in
the continuous vertical load supported by a suspended cable, Fig. 5/2a,
the intensity w of the loading is expressed as force per unit length of
line, newtons per meter (N/m) or pounds per foot (lb/ft).

(2) Area Distribution. When a force is distributed over an area, as
with the hydraulic pressure of water against the inner face of a section
of dam, Fig. 5/2b, the intensity is expressed as force per unit area. This
intensity is called pressure for the action of fluid forces and stress for the
internal distribution of forces in solids. The basic unit for pressure or
stress in SI is the newton per square meter (N/m2), which is also called
the pascal (Pa). This unit, however, is too small for most applications
(6895 Pa � 1 lb/in.2). The kilopascal (kPa), which equals 103 Pa, is more
commonly used for fluid pressure, and the megapascal, which equals 106

Pa, is used for stress. In the U.S. customary system of units, both fluid
pressure and mechanical stress are commonly expressed in pounds per
square inch (lb/in.2).

(3) Volume Distribution. A force which is distributed over the vol-
ume of a body is called a body force. The most common body force is the
force of gravitational attraction, which acts on all elements of mass in a
body. The determination of the forces on the supports of the heavy can-
tilevered structure in Fig. 5/2c, for example, would require accounting
for the distribution of gravitational force throughout the structure. The
intensity of gravitational force is the specific weight �g, where � is the
density (mass per unit volume) and g is the acceleration due to gravity.
The units for �g are (kg/m3)(m/s2) � N/m3 in SI units and lb/ft3 or lb/in.3

in the U.S. customary system.
The body force due to the gravitational attraction of the earth

(weight) is by far the most commonly encountered distributed force.
Section A of this chapter treats the determination of the point in a body
through which the resultant gravitational force acts, and discusses the
associated geometric properties of lines, areas, and volumes. Section B
treats distributed forces which act on and in beams and flexible cables
and distributed forces which fluids exert on exposed surfaces.

234 Chapter 5 Distributed Forces

b

R

(a)

(b)

(b)

(c)

Enlarged view
of contact

R

C

C

C

C

R

Figure 5/1

If, on the other hand, we want to find the distribution of internal
forces in the material of the body near the contact location, where the
internal stresses and strains may be appreciable, then we must not
treat the load as concentrated but must consider the actual distribution.
This problem will not be discussed here because it requires a knowledge
of the properties of the material and belongs in more advanced treat-
ments of the mechanics of materials and the theories of elasticity and
plasticity.

When forces are applied over a region whose dimensions are not
negligible compared with other pertinent dimensions, then we must ac-
count for the actual manner in which the force is distributed. We do
this by summing the effects of the distributed force over the entire re-
gion using mathematical integration. This requires that we know the
intensity of the force at any location. There are three categories of such
problems.

(1) Line Distribution. When a force is distributed along a line, as in
the continuous vertical load supported by a suspended cable, Fig. 5/2a,
the intensity w of the loading is expressed as force per unit length of
line, newtons per meter (N/m) or pounds per foot (lb/ft).

(2) Area Distribution. When a force is distributed over an area, as
with the hydraulic pressure of water against the inner face of a section
of dam, Fig. 5/2b, the intensity is expressed as force per unit area. This
intensity is called pressure for the action of fluid forces and stress for the
internal distribution of forces in solids. The basic unit for pressure or
stress in SI is the newton per square meter (N/m2), which is also called
the pascal (Pa). This unit, however, is too small for most applications
(6895 Pa � 1 lb/in.2). The kilopascal (kPa), which equals 103 Pa, is more
commonly used for fluid pressure, and the megapascal, which equals 106

Pa, is used for stress. In the U.S. customary system of units, both fluid
pressure and mechanical stress are commonly expressed in pounds per
square inch (lb/in.2).

(3) Volume Distribution. A force which is distributed over the vol-
ume of a body is called a body force. The most common body force is the
force of gravitational attraction, which acts on all elements of mass in a
body. The determination of the forces on the supports of the heavy can-
tilevered structure in Fig. 5/2c, for example, would require accounting
for the distribution of gravitational force throughout the structure. The
intensity of gravitational force is the specific weight �g, where � is the
density (mass per unit volume) and g is the acceleration due to gravity.
The units for �g are (kg/m3)(m/s2) � N/m3 in SI units and lb/ft3 or lb/in.3

in the U.S. customary system.
The body force due to the gravitational attraction of the earth

(weight) is by far the most commonly encountered distributed force.
Section A of this chapter treats the determination of the point in a body
through which the resultant gravitational force acts, and discusses the
associated geometric properties of lines, areas, and volumes. Section B
treats distributed forces which act on and in beams and flexible cables
and distributed forces which fluids exert on exposed surfaces.

234 Chapter 5 Distributed Forces

b

R

(a)

(b)

(b)

(c)

Enlarged view
of contact

R

C

C

C

C

R

Figure 5/1

W

1-13- نیرو

1-14- انواع نیرو

الـف( نیروهـای متمرکـز: اگـر نیـرو بـه طـول کوچک 
نیـروی  وارد گـردد آن را  از جسـم  اغماضـی  قابـل  و 

)21( شـکل  می نامنـد.  متمرکـز 

ب( نیروهـای گسـترده: اگـر نیـرو در طـول قابل توجهـی از جسـم پخـش گـردد آن را نیـروی گسـترده گوینـد. 
شـکل )22(
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through which the resultant gravitational force acts, and discusses the
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1- 14 - 1 - نیروهای خارجی

1-14-2- نیروهای داخلی 
نیروهایـی هسـتند کـه در داخـل جسـم و بیـن ذرات تشـکیل دهندة آن ایجـاد می شـوند؛ ماننـد نیرویـی کـه 
شـخص هنـگام اجـرای بارفیکـس در دسـتان خـود احسـاس می کنـد؛ در مکانیـک اجسـام تغییرشـکل پذیر 

)مقاومـت مصالـح( بـه نیروهـای داخلـی توجـه می شـود.

 شکل 20 

 شکل 21 

 شکل 22 
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مثال 6

1-15- برآیند سامانه های نیرویی وارد بر نقطه مادی به روش محاسباتی

 شکل 23 

1-15-1- برآیند نیروهای هم راستا و موازی

منظـور از برآینـد دو یـا چنـد نیرو عبارت اسـت از جمـع بـرداری آن نیروها، به طوری کـه  بردار برآینـد به تنهایی 
اثـر همة نیروهای وارد به جسـم را دارا باشـد.

بـه عنـوان مثـال در شـکل )23( شـناور B در مسـیری بـه حرکـت در می آید کـه در واقـع امتداد بـردار برآیند 
دو نیـروی وارده از طـرف قایق هـای A و C خواهـد بـود. ایـن بـدان معناسـت کـه می تـوان به جـای دو نیروی 

مذکـور نیـروی برآینـد آن هـا را در امتداد مسـیر حرکت شـناور قـرار داده و آن را به حرکـت درآورد.
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 SAMPLE PROBLEM 2.2 

     A barge is pulled by two tugboats. If the resultant of the forces exerted by 
the tugboats is a 5000-lb force directed along the axis of the barge, determine 
( a ) the tension in each of the ropes knowing that a 5 45°, ( b ) the value of a 
for which the tension in rope 2 is minimum. 

30�
1

2
a

A

C

B

  SOLUTION  

 a.   Tension for a 5 45°.  Graphical Solution.    The parallelogram law is 
used; the diagonal (resultant) is known to be equal to 5000 lb and to be 
directed to the right. The sides are drawn parallel to the ropes. If the draw-
ing is done to scale, we measure

  T1 5 3700 lb  T2 5 2600 lb ◀   

  Trigonometric Solution.   The triangle rule can be used. We note that the 
triangle shown represents half of the parallelogram shown above. Using the 
law of sines, we write

  
T1

 sin 45°
5

T2

 sin 30°
5

5000 lb
 sin 105°  

 With a calculator, we first compute and store the value of the last quo-
tient. Multiplying this value successively by sin 45° and sin 30°, we obtain

  T1 5 3660 lb  T2 5 2590 lb ◀  

     b.   Value of a for Minimum  T  2 .   To determine the value of a for which the 
tension in rope 2 is minimum, the triangle rule is again used. In the sketch 
shown, line  1-1 9 is the known direction of  T  1 . Several possible directions of  T  2  
are shown by the lines 2-29. We note that the minimum value of  T  2  occurs 
when  T  1  and  T  2  are perpendicular. The minimum value of  T  2  is

  T2 5 (5000 lb) sin 30° 5 2500 lb  

Corresponding values of  T  1  and a are

  T1 5 (5000 lb) cos 30° 5 4330 lb  
   a 5 90° 2 30° a 5 60° ◀        

30� 45�

30�45�

5000 lb

T1

T2

B

45� 30�

5000 lb

105�
T1

T2

B

1

2
2

2

5000 lb
1'

2'

2'

2'

30�

5000 lb

T1
T2 90�

a
B
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F را روی محورهـای مختصـات ترسـیم نمـوده و برآیند آن ها را محاسـبه  i2 4= −


F و  i1 6=


دو نیـروی 
و ترسـیم نمایید.

R F F

R i i R i
1 2

6 4 2
= +

= − ⇒ =

  

    

y

x
R=2

y

x
F1=6F2=4

برای محاسبه برآیند نیروهای هم راستا کافی است مقادیر آن ها را با یکدیگر جمع جبری نماییم.
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1-15-2- برآیند دو نیروی متعامد

 شکل 24 

بـرای محاسـبه مقـدار برآینـد دو نیـروی متعامد مطابق شـکل )24-الف( با اسـتفاده از رابطه فیثاغورث و شـکل 
داریم: )24-ب( 

R F F R F F2 2 2 2 2
1 2 1 2= + ⇒ = +

ضلع مقابل
ضلع مجاور

Ftan tan
F

1 2

1

−  
θ = ⇒ θ =  

 

y

xθ

F1

F2

R

y

x
F1

F2

و برای محاسبه زاویه برآیند با F1 می توان از رابطه تانژانت استفاده نمود:

F2=200N

F1=100N

)الف( )ب(

در شکل زیر مطلوب است:
)R( ترسیم برآیند )الف
ب( تعیین مقدار برآیند

F1 ج( تعیین زاویه برآیند با افق یا امتداد

مثال 7

)الف

)ب

)ج

y

xθ

F2=200N

F1=100N

R

R F F R / N

Ftan tan /
F

2 2 2 2
1 2

1 12

1

100 200 50000 223 61

200 63 43
100

− −

= + = + = ⇒ =

   θ = = ⇒ θ =     


)10(

)11(
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در این سیسـتم شـرط لازم بسـته شـدن سـه ضلعی نیروهاسـت، اما تفاوتی که این حالت با حالت متعامد دارد 
غیرمشـخص بـودن سـه ضلعی )مثلـث( نیروهاسـت. به همین دلیـل اسـتفاده از قانون متوازی الاضـاع برای حل 

ترسـیمی و اسـتفاده از قانـون سـینوس ها و کسـینوس ها برای حـل مثلثاتی کارآمـد خواهد بود.

1-15-3- برآیند دو نیروی غیرمتعامد

a b c bc cos A
b a c ac cos B
c a b ab cosC

2 2 2

2 2 2

2 2 2

2
2
2

= + −
= + −
= + −

a b c bc cos2 2 2 2= + + γ

a b c
sin A sin B sin C

= =

a

c

b
A

C

B

A

C

b

C

B A

γ

قانون کسینوس ها در مثلث
عائم:

a ؛ ضلع روبروی زاویة A یا برآیند اضاع دیگر،
،A ؛ اضاع مجاور زاویة b و c
A ؛ زاویة داخلی مثلث نیروها،

 b ؛ زاویـة خارجـی مثلـث نیروهـا یا زاویـة بین ضلع γ
.c و امتـداد ضلع

قانون سینوس ها در مثلث
عائم:

A و B و C ؛ زوایای داخلی مثلث نیروها،
،A ؛ ضلع مقابل زاویة a
،B ؛ ضلع مقابل زاویة b
.C ؛ ضلع مقابل زاویة c

دو نیـروی غیـر متعامـد بـر تنـة درختـی مطابـق مثال 8
اسـت: مطلـوب  می شـوند.  وارد  شـکل 

الف( محاسبة مقدار برآیند.
ب( محاسبة زاویة برآیند با افق.

Scanned by CamScanner

F1=2000 N

F2=1200 N

60 °

y

x

 شکل 25 

 شکل 26 
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دو نیـرو مطابـق شـکل توسـط دو کابـل بـر یـک مثال 9
مطلوب اسـت: می شـود.  وارد  معدنـی  سـنگ 

الف( نمایش برداری برآیند
ب( نمایش ترسیمی بردار برآیند
ج( محاسبة اندازة بردار برآیند
د( محاسبة زاویة برآیند با افق

ه( ترسیم مسیر جابه جایی سنگ

حـل: ابتـدا بـا اسـتفاده از قانـون متوازی الاضـلاع مقـدار و جهـت برآینـد را بـه صـورت ترسـیمی تعییـن 
می کنیـم و سـپس بـا اسـتفاده از قانـون کسـینوس ها و یـا سـینوس ها مقـدار دقیـق برآینـد و زاویـة آن را با 

افـق محاسـبه می کنیـم.

F1=2000 N

RF 2=
12

00
 N

60 °
R

F1=2000 N

F 2=
12

00
 N

60 °B A

R=280
0 N

F1=2000 N

F 2=
12

00
 N

B 120 °

الف- با استفاده از قانون کسینوس ها داریم:
A
R cos

R N

2 2 2

180 60 120
2000 1200 2 2000 1200 120 7840000
7840000 2800

= − =
= + − × × × =

= =



sin B sin
sin sin B
sin B / B sin ( / ) /1

2800 1200 1200 120
120 2800

0 371 0 371 21 787−

= ⇒ = ×

= ⇒ = = 

B sin ( / ) /1 0 371 21 787−= = 

ب- با استفاده از قانون سینوس ها داریم:

زاویة برآیند با F1 یا افق 

F1=4000N

F2=2500N

45°

15°
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5678/91 N

F
1=4000 N

F 2
=2
50
0 N

120 °
γ

R

F
1=4000 N

F 2
=2
50
0 N

120 °75 °

β
α

R=5678/91 N

F
1=4000 N

F 2
=2
50
0 N

22/41 °
15 °

α

x
R

F
1=4000 N

F 2
=2
50
0 N

60 °

60 °
C

حل:
الف( با استفاده از قانون کسینوس ها داریم:

C
R cos
R / N

2 2 2

180 60 120
4000 2500 2 4000 2500 120 32250000
5678 91

= − =
= + − × × × =

=



/
sin sin

sin sin /
/

5678 91 2500
120

2500 120 0 381
5678 91

=
γ

⇒ γ = × =

/22 411γ = 

/ /22 411 15 7 41α = − = 

ب( با استفاده از قانون سینوس ها داریم:

زاویة نیروی F1 با برآیند

زاویة برآیند با افق به طریق زیر به دست می آید.

زاویة برآیند با افق

ج(

مسیر جابه جایی سنگ

F
1=4000N

F 2
=25

00
N

7/41°
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هـر گاه بـر یـک نقطـة مـادی ماننـد P مطابـق شـکل )27- الـف( نیروهـای F1 و F2 و F3 وارد شـود، به کمـک 
تجزیـه به شـرح زیـر می تـوان انـدازة برآینـد ایـن نیروهـا )R( و راسـتای برآیند با محـور x یعنـی )θ( را تعیین 

نمود. شـکل )27- ب(

F1

y

x

F2

P

F3

θ3

θ2
θ1

y

x

R

P
θ

)الف( )ب(

≅

1-15-4- محاسبة برآیند سامانة چندنیرویی وارد به نقطة مادی

 شکل 27 

x مجموع مؤلفه های هم راستا با محور
y مجموع مؤلفه های هم راستا با محور

F1

y

x

F2

P

F3

F3xF2xF1x

F3y

F1y

F2y

گام اول: تجزیه هر یک از نیروها روی محورهای x و y؛ )شکل 28(

؛ j
  و  i

 گام دوم: نمایش برداری تمامی نیروها بر حسب بردارهای یکة 
y و x گام سوم: محاسبة جمع جبری نیروهای هم راستا روی محورهای

)12(    
 :ΣFx

:ΣFy

x x y yR F , R F= ∑ = ∑

x x x x( F F F F )1 2 3∑ = + +

y y y y( F F F F )1 2 3∑ = + +

 شکل 28 
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گام چهارم: نمایش برداری بردار برآیند )R( مطابق رابطة )11( 

   )13(      

گام پنجم: نمایش ترسیمی بردار برآیند مطابق شکل )29(
گام ششـم: محاسـبة انـدازه )مقـدار( برآینـد بـا اسـتفاده از رابطـة 

فیثاغـورث
x yR R R2 2= +    )14(      

 )θ( ها x گام هفتم: محاسبة زاویه برآیند با امتداد محور
با استفاده از رابطة تانژانت و با توجه به شکل ترسیم شده 

)15(   در گام پنجم 

 

y

x

R
tan

R
1−θ =

y

x

R

P

Ry

θ
Rx

x yR R i R j= +
  

 شکل 29 

مثال 10

حل:
الف(

گام اول:
- تجزیة نیروها با توجه به اندازه و زاویة هر نیرو

دو نیرو مطابق شکل توسط دو کابل بر یک سنگ معدنی وارد می شود. مطلوب است:
الف( نمایش برداری برآیند

ب( نمایش ترسیمی بردار برآیند
ج( محاسبة اندازة بردار برآیند
د( محاسبة زاویة برآیند با افق

ه( ترسیم مسیر جابه جایی سنگ

F1=4000N

F2=2500N

45°

15°

F2y

F1y

F2x

F1x
45°

15°

x x

y y

x x

y y

F F cos cos F / N

F F sin sin F / N

F F cos cos F / N

F F sin sin F / N

1 1 1 1

1 1 1 1

2 2 2 2

2 2 2 2

4000 15 3863 70
4000 15 1035 28

2500 45 1767 77
2500 45 1767 77

 = θ = × ⇒ =


= θ = × ⇒ =

 = θ = × ⇒ =


= θ = × ⇒ =









F1 مؤلفه های

F2 مؤلفه های
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F / i / j

F / i / j
1

2

3863 70 1035 28
1767 77 1767 77

= −

= +

 


 


F2y

F1y

F2x F1x

گام دوم:
- فرم برداری هر بردار با توجه به شکل مقابل و جهت هر یک از مؤلفه ها

ه( مسیر جابه جایی سنگ در راستای بردار برآیند مطابق شکل زیر خواهد بود.

x x x

y y y

R F / / R / N
R F / / R / N

1767 77 3863 70 5631 47
1767 77 1035 28 732 49

= Σ = + ⇒ =
= Σ = − ⇒ =

x yR R i R j

R / i / j5631 47 732 49

= +

= +

 


 


x yR R R R / /

R / N

2 2 2 25631 47 732 49

5678 91

= + ⇒ = +

⇒ =

y

x

R /tan tan /
R /

1 1 732 49 7 41
5631 70

− −θ = ⇒ θ = ⇒ θ = 

گام سوم:
) yFΣ  و 

xFΣ ( y و x تعیین مجموع نیروهای هم راستا با محورهای -

گام چهارم:
- نمایش برداری بردار برآیند

ج(
گام ششم:

- محاسبة اندازة برآیند به کمک رابطة )7-3(

د(
گام هفتم:

- محاسبة زاویة برآیند با محور x ها به کمک رابطة )8-3(

y yR F / N732 49= Σ =
θ

x xR F / N5631 70= Σ =

R

ب(
گام پنجم:

- نمایـش ترسـیمی بـردار برآینـد با 
توجـه به فـرم بـرداری بـردار برآیند 

متوازی الاضـلاع روش  و 

مسیر جابه جایی سنگ

F
1=4000N

F 2
=25

00
N

7/41°
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در شکل روبه رو مطلوب است:مثال 11
الف - محاسبة مقدار برآیند نیروها
ب - محاسبة زاویة برآیند با افق

ج - ترسیم بردار برآیند
د - نمایش برداری بردار برآیند

y

x

F1=200N

F3=400N

F2=100N 60°

30°

حل:
الف( تجزیة هر یک از نیروها با توجه به روابط Fy=F sinθ , Fx=F cosθو زاویة هر  نیرو با محور xها:

ب(

x x x x x

x x x

y y y y y

y y y

x y

F cos i sin j i / j

F i

F cos i sin j i / j
R F F F F
R F R N
R F F F F

R F / / R / N

R R R

1

2

3

1 2 3

1 2 3

2 2 2

200 60 200 60 100 173 2
100

400 60 400 60 200 346 4

100 100 200 200

173 2 0 346 4 173 2

200

= + = +

= −

= − = −
= Σ = + +
= Σ = − + ⇒ =
= Σ = + +

= Σ = + − ⇒ = −

= + = +

 

 

   





   


( / ) R / N2173 2 264 57− ⇒ =

y

x

R /tan tan /
R

1 1 173 2 40 89
200

− − −θ = = ⇒ θ = 

R i / j200 173 2= −
  

ج(

د(

y

x
40/89°

R / N264 57=

xR N200=

yR / N173 2=
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فعالیت 
کلاسی5

در شکل های زیر مطلوب است:
الف( محاسبة مقدار برآیند دو نیرو

F1 ب( محاسبة زاویة برآیند با
ج( محاسبة زاویة برآیند با امتداد افق

)ب(

2/26 The cable AB prevents bar OA from rotating clock-
wise about the pivot O. If the cable tension is 750 N,
determine the n- and t-components of this force act-
ing on point A of the bar.

Problem 2/26

2/27 At what angle must the 400-lb force be applied in
order that the resultant R of the two forces have a
magnitude of 1000 lb? For this condition what will
be the angle between R and the horizontal?

Problem 2/27

O

700 lb

400 lb

θ

�

�

1.2 m

1.
5 

m

60°

A

OB

t
n

36 Chapter 2 Force Systems

2/23 Determine the resultant R of the two forces shown
by (a) applying the parallelogram rule for vector
addition and (b) summing scalar components.

Problem 2/23

2/24 It is desired to remove the spike from the timber by
applying force along its horizontal axis. An obstruc-
tion A prevents direct access, so that two forces, one
400 lb and the other P, are applied by cables as
shown. Compute the magnitude of P necessary to
ensure a resultant T directed along the spike. Also
find T.

Problem 2/24

2/25 At what angle must the 800-lb force be applied in
order that the resultant R of the two forces have a
magnitude of 2000 lb? For this condition, determine
the angle between R and the vertical.

Problem 2/25

θ

1400 lb

800 lb

�

�

8″

4″

6″
A

P

400 lb

60°

y

x

600 N

400 N

F1=40kN

F2=90kN

θ =50°
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2/26 The cable AB prevents bar OA from rotating clock-
wise about the pivot O. If the cable tension is 750 N,
determine the n- and t-components of this force act-
ing on point A of the bar.

Problem 2/26

2/27 At what angle must the 400-lb force be applied in
order that the resultant R of the two forces have a
magnitude of 1000 lb? For this condition what will
be the angle between R and the horizontal?

Problem 2/27
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2/23 Determine the resultant R of the two forces shown
by (a) applying the parallelogram rule for vector
addition and (b) summing scalar components.

Problem 2/23

2/24 It is desired to remove the spike from the timber by
applying force along its horizontal axis. An obstruc-
tion A prevents direct access, so that two forces, one
400 lb and the other P, are applied by cables as
shown. Compute the magnitude of P necessary to
ensure a resultant T directed along the spike. Also
find T.

Problem 2/24

2/25 At what angle must the 800-lb force be applied in
order that the resultant R of the two forces have a
magnitude of 2000 lb? For this condition, determine
the angle between R and the vertical.

Problem 2/25

θ

1400 lb

800 lb

�

�

8″

4″

6″
A

P

400 lb

60°

y

x

600 N

400 NF1=400N

F2=600N
60°

2/26 The cable AB prevents bar OA from rotating clock-
wise about the pivot O. If the cable tension is 750 N,
determine the n- and t-components of this force act-
ing on point A of the bar.

Problem 2/26

2/27 At what angle must the 400-lb force be applied in
order that the resultant R of the two forces have a
magnitude of 1000 lb? For this condition what will
be the angle between R and the horizontal?

Problem 2/27

O

700 lb

400 lb

θ
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36 Chapter 2 Force Systems

2/23 Determine the resultant R of the two forces shown
by (a) applying the parallelogram rule for vector
addition and (b) summing scalar components.

Problem 2/23

2/24 It is desired to remove the spike from the timber by
applying force along its horizontal axis. An obstruc-
tion A prevents direct access, so that two forces, one
400 lb and the other P, are applied by cables as
shown. Compute the magnitude of P necessary to
ensure a resultant T directed along the spike. Also
find T.

Problem 2/24

2/25 At what angle must the 800-lb force be applied in
order that the resultant R of the two forces have a
magnitude of 2000 lb? For this condition, determine
the angle between R and the vertical.

Problem 2/25

θ

1400 lb

800 lb

�

�

8″

4″

6″
A

P

400 lb

60°

y

x

600 N

400 N

F1=400N

F2=700N θ =50°

)الف(

)ج(

فعالیت 
کلاسی6

2/17 Refer to the mechanism of the previous problem.

Develop general expressions for the n- and t-compo-

nents of the tension T applied to point A. Then eval-

uate your expressions for 

and 

2/18 The ratio of the lift 
force L to the drag force D for

the simple airfoil is 

If th
e lift 

force on a

short section of the airfoil is 50 lb, compute the

magnitude of the resultant force R and the angle 

which it m
akes with the horizontal.

Problem 2/18

2/19 Determine the resultant R
of the two forces applied

to the bracket. Write R in terms of unit vectors

along the x- and y-axes shown.

Problem 2/19

2/20 Determine the scalar components 
and 

of the

force R along the nonrectangular axes a and b. Also

determine the orthogonal projection 
of R onto

axis a.

Pa

Rb

Ra

35°

30°

y

y

x

200 N

150 N

20°

'

x'

Air flow

C

D

L

�

L/D � 10.

� � 35�.

T � 100 N
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Problem 2/20

2/21 Determine the components of the 800-lb force F

along the oblique axes a and b. Also, determine the

projections of F onto the a- and b-axes.

Problem 2/21

2/22 Determine the components 
and 

of the 4-kN

force along the oblique axes a and b. Determine the

projections and of F onto the a- and b-axes.

Problem 2/22

y b

a

x

O

F = 4 kN

15°

30° 40°

Pb

Pa

Fb

Fa

a

b

F  =  800 lb

45°
60°

O

a

b

110°

30°
R = 800 N

2/17 Refer to the mechanism of the previous problem.

Develop general expressions for the n- and t-compo-

nents of the tension T applied to point A. Then eval-

uate your expressions for 

and 

2/18 The ratio of the lift 
force L to the drag force D for

the simple airfoil is 

If th
e lift 

force on a

short section of the airfoil is 50 lb, compute the

magnitude of the resultant force R and the angle 

which it m
akes with the horizontal.

Problem 2/18

2/19 Determine the resultant R
of the two forces applied

to the bracket. Write R in terms of unit vectors

along the x- and y-axes shown.

Problem 2/19

2/20 Determine the scalar components 
and 

of the

force R along the nonrectangular axes a and b. Also

determine the orthogonal projection 
of R onto

axis a.

Pa

Rb

Ra

35°

30°

y

y

x

200 N

150 N

20°

'

x'

Air flow

C

D

L

�

L/D � 10.

� � 35�.

T � 100 N
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Problem 2/20

2/21 Determine the components of the 800-lb force F

along the oblique axes a and b. Also, determine the

projections of F onto the a- and b-axes.

Problem 2/21

2/22 Determine the components 
and 

of the 4-kN

force along the oblique axes a and b. Determine the

projections and of F onto the a- and b-axes.

Problem 2/22

y b

a

x

O

F = 4 kN

15°

30° 40°

Pb

Pa

Fb

Fa

a

b

F  =  800 lb

45°
60°

O

a

b

110°

30°
R = 800 N

θ

30°

200 N

150 N

در شـکل زیـر مقـدار زاویـه θ را چنـان تعیین نماییـد که برآیند دو نیـرو بر محور y ها منطبق گردد. سـپس 
در ایـن حالت مقدار برآیند را محاسـبه کنید.

)راهنمایی: از روش تجزیه به مؤلفه های متعامد استفاده شود(.
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فعالیت 
کلاسی8

فعالیت 
کلاسی7

4- در شـکل زیـر نیـروی F و زاویـه θ را طـوری تعییـن نماییـد کـه برآینـد نیروهـا روی محور افـق و مقدار 
آن برابـر N 1500 در جهـت مثبت باشـد.

در شکل روبه رو مطلوب است:
الف( محاسبة مقدار برآیند نیروها
ب( محاسبة زاویة برآیند با افق

ج( ترسیم بردار برآیند
د( نمایش برداری بردار برآیند

PROBLEMS
Introductory Problems

2/79 Two rods and one cable are attached to the support
at O. If two of the forces are as shown, determine
the magnitude F and direction of the third force so
that the resultant of the three forces is vertically
downward with a magnitude of 1200 lb.

Problem 2/79

2/80 Determine the resultant R of the three tension
forces acting on the eye bolt. Find the magnitude of
R and the angle which R makes with the positive
x-axis.

Problem 2/80

20 kN

30°

45°

y

x

8 kN

4 kN

�x

45° 30°
O

1000 lb
F

500 lb

θ

x

y

�
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2/81 Determine the equivalent force–couple system at
the center O for each of the three cases of forces
being applied along the edges of a square plate of
side d.

Problem 2/81

2/82 Determine the equivalent force–couple system at
the origin O for each of the three cases of forces
being applied along the edges of a regular hexagon
of width d. If the resultant can be so expressed, re-
place this force–couple system with a single force.

Problem 2/82

2/83 Where does the resultant of the two forces act?

Problem 2/83
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O
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O
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O
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x-axis.

Problem 2/80
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کاربرد ضرب برَُدارها واحد یادگیری    2

2-1- ضرب بردارها

ضرب بردارها

ضرب داخلـی یا ضرب نقطـه ای: در شـکل مقابل 
دو بـردار a و b بـا زاویـة بین α خواهیم داشـت:

ضرب خارجی یا ضرب برداری:

ضرب نقطه ای )داخلی(

ضرب برداری )خارجی( {
a.b a b cos= × × α

a b×




a b a b sin× = × × α




b

α
a

حاصلضـرب بـرداری دو بـردار، برداری اسـت که عمود 
بـر صفحـة گذرنده از دو بردار بـوده و جهت آن مطابق 

قانون دسـت راسـت تعریف می شـود. )شکل 2(

 می باشد. a  مقدار بردار  a منظور از
حاصلضرب داخلی دو بردار، یک عدد می باشد.

 شکل 2 

 شکل 1 

نکته
a .b b.a=
 

      در ضرب داخلی یا نقطه ای خاصیت جابه جایی وجود دارد. یعنی: 
a b b a× ≠ ×
 

    اما در ضرب خارجی یا برداری دو بردار، خاصیت جابه جایی وجود ندارد. یعنی: 
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2/67 Each propeller of the twin-screw ship develops a
full-speed thrust of 300 kN. In maneuvering the
ship, one propeller is turning full speed ahead and
the other full speed in reverse. What thrust P must
each tug exert on the ship to counteract the effect of
the ship’s propellers?

Problem 2/67

Representative Problems

2/68 The force–couple system at A is to be replaced by
a single equivalent force acting at a point B on
the vertical edge (or its extension) of the triangular
plate. Determine the distance d between A and B.

Problem 2/68

b

h
d

B

A R

MA

12 m
F

F

50 m

120 m

Article 2/5 Problems 55

2/69 A lug wrench is used to tighten a square-head bolt.
If 50-lb forces are applied to the wrench as shown,
determine the magnitude F of the equal forces
exerted on the four contact points on the 1-in. bolt
head so that their external effect on the bolt is
equivalent to that of the two 50-lb forces. Assume
that the forces are perpendicular to the flats of the
bolt head.

Problem 2/69

2/70 A force–couple system acts at O on the circular
sector. Determine the magnitude of the force F if
the given system can be replaced by a stand-alone
force at corner A of the sector.

Problem 2/70

O A0.4 m80 N·m

60°

F F

60�

14″

50 lb

B

A
C

50 lb

14″

1″

View C Detail
(clearances exaggerated)
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full-speed thrust of 300 kN. In maneuvering the
ship, one propeller is turning full speed ahead and
the other full speed in reverse. What thrust P must
each tug exert on the ship to counteract the effect of
the ship’s propellers?
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2/69 A lug wrench is used to tighten a square-head bolt.
If 50-lb forces are applied to the wrench as shown,
determine the magnitude F of the equal forces
exerted on the four contact points on the 1-in. bolt
head so that their external effect on the bolt is
equivalent to that of the two 50-lb forces. Assume
that the forces are perpendicular to the flats of the
bolt head.

Problem 2/69

2/70 A force–couple system acts at O on the circular
sector. Determine the magnitude of the force F if
the given system can be replaced by a stand-alone
force at corner A of the sector.

Problem 2/70

O A0.4 m80 N·m

60°

F F

60�

14″

50 lb

B

A
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50 lb

14″
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View C Detail
(clearances exaggerated)

F

F

2/73 The tie-rod AB exerts the 250-N force on the steer-

ing knuckle AO as shown. Replace this force by an

equivalent force–couple system at O.

Problem 2/73

2/74 The 250-N tension is applied to a cord which is se-

curely wrapped around the periphery of the disk.

Determine the equivalent force–couple system at

point C. Begin by finding the equivalent force–

couple system at A.

Problem 2/74

60°

45°

60°

D

B

A

C

200 mm

400 mm

120 mm

250 N

50 mm

235 mm

10°
F = 250 N

A

B

O

x

y56 Chapter 2 Force Systems

2/71 During a steady right turn, a person exerts the forces

shown on the steering wheel. Note that each force

consists of a tangential component and a radially-

inward component. Determine the moment exerted

about the steering column at O.

Problem 2/71

2/72 A force F of magnitude 50 N is exerted on the

automobile parking-brake lever at the position

Replace the force by an equivalent

force–couple system at the pivot point O.

Problem 2/72

x
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m
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15°
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2/73 The tie-rod AB exerts the 250-N force on the steer-
ing knuckle AO as shown. Replace this force by an
equivalent force–couple system at O.

Problem 2/73

2/74 The 250-N tension is applied to a cord which is se-
curely wrapped around the periphery of the disk.
Determine the equivalent force–couple system at
point C. Begin by finding the equivalent force–
couple system at A.
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2/71 During a steady right turn, a person exerts the forces
shown on the steering wheel. Note that each force
consists of a tangential component and a radially-
inward component. Determine the moment exerted
about the steering column at O.

Problem 2/71

2/72 A force F of magnitude 50 N is exerted on the
automobile parking-brake lever at the position

Replace the force by an equivalent
force–couple system at the pivot point O.

Problem 2/72
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2-2- گشتاور، لنگر )مُمان(

2-2-1- گشتاور نیرو

یکـی از اثـرات نیـرو بـر اجسـام تمایـل بـه ایجـاد چرخـش در آن ها می باشـد که بـه این پدیـده گشـتاور گفته 
می شـود.

مطابق شکل های )3( و )4( نیرو باعث چرخش در اجسام می گردد.

در شـکل a-5 گشـتاور نیـروی F کـه باعـث چرخش 
  r بـردار  دو  بـرداری  حاصلضـرب  می گـردد،  میلـه 
)بـردار مکان یـا موقعیـت( و بردار نیروی F می باشـد.  

)شـکل b-5(. یعنـی:

2/4 Moment
In addition to the tendency to move a body in the direction of its ap-

plication, a force can also tend to rotate a body about an axis. The axis
may be any line which neither intersects nor is parallel to the line of ac-
tion of the force. This rotational tendency is known as the moment M of
the force. Moment is also referred to as torque.

As a familiar example of the concept of moment, consider the pipe
wrench of Fig. 2/8a. One effect of the force applied perpendicular to
the handle of the wrench is the tendency to rotate the pipe about its
vertical axis. The magnitude of this tendency depends on both the
magnitude F of the force and the effective length d of the wrench
handle. Common experience shows that a pull which is not perpendic-
ular to the wrench handle is less effective than the right-angle pull
shown.

Moment about a Point
Figure 2/8b shows a two-dimensional body acted on by a force F in

its plane. The magnitude of the moment or tendency of the force to ro-
tate the body about the axis O-O perpendicular to the plane of the
body is proportional both to the magnitude of the force and to the mo-
ment arm d, which is the perpendicular distance from the axis to the
line of action of the force. Therefore, the magnitude of the moment is
defined as

(2/5)

The moment is a vector M perpendicular to the plane of the body. The
sense of M depends on the direction in which F tends to rotate the
body. The right-hand rule, Fig. 2/8c, is used to identify this sense. We
represent the moment of F about O-O as a vector pointing in the direc-
tion of the thumb, with the fingers curled in the direction of the rota-
tional tendency.

The moment M obeys all the rules of vector combination and may
be considered a sliding vector with a line of action coinciding with the
moment axis. The basic units of moment in SI units are newton-meters

and in the U.S. customary system are pound-feet (lb-ft).
When dealing with forces which all act in a given plane, we custom-

arily speak of the moment about a point. By this we mean the moment
with respect to an axis normal to the plane and passing through the
point. Thus, the moment of force F about point A in Fig. 2/8d has the
magnitude M � Fd and is counterclockwise.

Moment directions may be accounted for by using a stated sign con-
vention, such as a plus sign (�) for counterclockwise moments and a
minus sign (�) for clockwise moments, or vice versa. Sign consistency
within a given problem is essential. For the sign convention of Fig. 2/8d,
the moment of F about point A (or about the z-axis passing through
point A) is positive. The curved arrow of the figure is a convenient way
to represent moments in two-dimensional analysis.

(N � m),

M � Fd

38 Chapter 2 Force Systems

Figure 2/8

A

x

y

F

M

M
F

r

d

M = Fd

(d)

(c)

(b)

(a)

+

O

A
d

O

α

d

F

2/4 Moment
In addition to the tendency to move a body in the direction of its ap-

plication, a force can also tend to rotate a body about an axis. The axis
may be any line which neither intersects nor is parallel to the line of ac-
tion of the force. This rotational tendency is known as the moment M of
the force. Moment is also referred to as torque.

As a familiar example of the concept of moment, consider the pipe
wrench of Fig. 2/8a. One effect of the force applied perpendicular to
the handle of the wrench is the tendency to rotate the pipe about its
vertical axis. The magnitude of this tendency depends on both the
magnitude F of the force and the effective length d of the wrench
handle. Common experience shows that a pull which is not perpendic-
ular to the wrench handle is less effective than the right-angle pull
shown.

Moment about a Point
Figure 2/8b shows a two-dimensional body acted on by a force F in

its plane. The magnitude of the moment or tendency of the force to ro-
tate the body about the axis O-O perpendicular to the plane of the
body is proportional both to the magnitude of the force and to the mo-
ment arm d, which is the perpendicular distance from the axis to the
line of action of the force. Therefore, the magnitude of the moment is
defined as

(2/5)
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represent the moment of F about O-O as a vector pointing in the direc-
tion of the thumb, with the fingers curled in the direction of the rota-
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be considered a sliding vector with a line of action coinciding with the
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and in the U.S. customary system are pound-feet (lb-ft).
When dealing with forces which all act in a given plane, we custom-

arily speak of the moment about a point. By this we mean the moment
with respect to an axis normal to the plane and passing through the
point. Thus, the moment of force F about point A in Fig. 2/8d has the
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Moment directions may be accounted for by using a stated sign con-
vention, such as a plus sign (�) for counterclockwise moments and a
minus sign (�) for clockwise moments, or vice versa. Sign consistency
within a given problem is essential. For the sign convention of Fig. 2/8d,
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قرارداد: در این پودمان جهت چرخش عقربه های ساعت مثبت فرض می شود.نکته

M r F= ×
 



M F . r .sin
M F.d

= α
=

مطابق تعریف

 F کوتاه تریـن فاصله d ،مقـدار نیـرو F در ایـن رابطـه
تـا نقطـه ای که میلـه حول آن بـه چرخـش درمی آید 
)فاصلـه عمـود بـر امتـداد نیرو تـا نقطة O( می باشـد.
در ایـن پودمـان بـه دلیـل بررسـی نیروهـا در صفحه، 
لـذا  گشـتاور حـول نقطـه در نظـر گرفتـه می شـود 
امتـداد آن عمـود بـر صفحـه و جهـت چرخـش آن 
 و یـا خـلاف  در جهـت عقربه هـای سـاعت 

بـود. خواهـد    سـاعت  عقربه هـای 

 شکل 4  شکل 3 

 شکل 5 
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مثال 1

مثال 2

گشتاور نیروی F حول نقطة O را محاسبه و جهت چرخش آن را بنویسید.

در شکل زیر گشتاور نیروهای نشان داده شده را حول نقطة O محاسبه کنید و جهت آن را بنویسید.

حل:

حل:

ساعت گرد

2-3- گشتاور چند نیرو
اگـر بـه یـک جسـم چنـد نیـرو اعِمـال شـود گشـتاور آن ها نسـبت به یـک نقطـه برابر اسـت با مجمـوع جبری 

گشـتاور هـر نیرو نسـبت بـه آن نقطـه یعنی:

SAMPLE PROBLEM 2/5

Calculate the magnitude of the moment about the base point O of the 600-N
force in five different ways.

Solution. (I) The moment arm to the 600-N force is

By M � Fd the moment is clockwise and has the magnitude

Ans.

(II) Replace the force by its rectangular components at A,

By Varignon’s theorem, the moment becomes

Ans.

(III) By the principle of transmissibility, move the 600-N force along its
line of action to point B, which eliminates the moment of the component F2. The
moment arm of F1 becomes

and the moment is

Ans.

(IV) Moving the force to point C eliminates the moment of the component
F1. The moment arm of F2 becomes

and the moment is

Ans.

(V) By the vector expression for a moment, and by using the coordinate
system indicated on the figure together with the procedures for evaluating cross
products, we have

The minus sign indicates that the vector is in the negative z-direction. The mag-
nitude of the vector expression is

Ans.MO � 2610 N � m

� �2610k N � m

MO � r � F � (2i � 4j) � 600(i cos 40� � j sin 40�)

MO � 386(6.77) � 2610 N � m

d2 � 2 � 4 cot 40� � 6.77 m

MO � 460(5.68) � 2610 N � m

d1 � 4 � 2 tan 40� � 5.68 m

MO � 460(4) � 386(2) � 2610 N � m

F1 � 600 cos 40� � 460 N,   F2 � 600 sin 40� � 386 N

MO � 600(4.35) � 2610 N � m

d � 4 cos 40� � 2 sin 40� � 4.35 m
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Helpful Hints

� The required geometry here and in
similar problems should not cause dif-
ficulty if the sketch is carefully drawn.

� This procedure is frequently the
shortest approach.

� The fact that points B and C are not
on the body proper should not cause
concern, as the mathematical calcula-
tion of the moment of a force does not
require that the force be on the body.

� Alternative choices for the position
vector r are r � d1 j � 5.68j m and 
r � d2i � 6.77i m.

�

�

�

�
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گشتاور نیروی F را در شکل زیر به دو روش حساب کنید:مثال 3
الف( با استفاده از تعریف گشتاور

ب( به کمک قضیه وارینون

حل:
الف( با استفاده از تعریف:

مثلـث  در  مثلثاتـی  روابـط  از  اسـتفاده  بـا  ابتـدا 
محاسـبه  را   )d( یعنـی  لنگـر  بـازوی  قائم الزاویـه 

داریـم: می نمائیـم؛ 

2-4- قضیه وارینون
گشـتاور برآینـد چنـد نیـرو حـول یک نقطة معین برابر اسـت بـا مجموع گشـتاورهای آن ها حول همـان نقطه و 
یـا گشـتاور یـک نیـرو حول هر نقطه برابر اسـت بـا مجموع گشـتاورهای مؤلفه هـای آن نیرو حول همـان نقطه.

کاربرد این قضیه در مثال )3( نشان داده شده است.

o o o
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SAMPLE PROBLEM 2/5

Calculate the magnitude of the moment about the base point O of the 600-N
force in five different ways.

Solution. (I) The moment arm to the 600-N force is

By M � Fd the moment is clockwise and has the magnitude

Ans.

(II) Replace the force by its rectangular components at A,

By Varignon’s theorem, the moment becomes

Ans.
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and the moment is
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and the moment is
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system indicated on the figure together with the procedures for evaluating cross
products, we have
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Helpful Hints

� The required geometry here and in
similar problems should not cause dif-
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� This procedure is frequently the
shortest approach.
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on the body proper should not cause
concern, as the mathematical calcula-
tion of the moment of a force does not
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MO � 460(4) � 386(2) � 2610 N � m

F1 � 600 cos 40� � 460 N,   F2 � 600 sin 40� � 386 N

MO � 600(4.35) � 2610 N � m

d � 4 cos 40� � 2 sin 40� � 4.35 m

Article 2/4 Moment 41

2 m

4 m

A

O

40°

600 N

2 m

4 m
600 N

40°

40°

O

d

2 m

4 m

O

F2 = 600 sin 40°

F1 = 600 cos 40°

O

C

B

F

A
x

y

d1

d2

F2

F2

F1

F1

r

Helpful Hints

� The required geometry here and in
similar problems should not cause dif-
ficulty if the sketch is carefully drawn.

� This procedure is frequently the
shortest approach.

� The fact that points B and C are not
on the body proper should not cause
concern, as the mathematical calcula-
tion of the moment of a force does not
require that the force be on the body.

� Alternative choices for the position
vector r are r � d1 j � 5.68j m and 
r � d2i � 6.77i m.

�

�

�

�

F = 600N

θ = 30°

30°

30° d

30°

60°

ب( با استفاده از قضیة وارینون
 O را بـه دو مؤلفـة متعامـد تجزیـه نمـوده و گشـتاور آن ها را نسـبت بـه نقطة F در ایـن روش ابتـدا نیـروی

محاسـبه و بـا یکدیگـر جمـع می نمائیم.

x x x

y y y

F F.cos F cos F / N

F F.sin F sin F N

600 30 519 61
600 30 300

= θ ⇒ = × ⇒ =

= θ ⇒ = × ⇒ =
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بـا توجـه بـه شـکل بـازوی لنگـر Fx برابـر 4 متـر 
و چـون امتـداد مؤلفـة Fy از نقطـة O می گـذرد، 

بـازوی لنگـر آن صفـر اسـت.
بنابراین خواهیم داشت:

n

o i i o
i

o x y

o

M Fd M Fd F d

M F F /

M / N.m

1 1 2 2
1

4 0 519 61 4

2078 44

=

= ⇒ = +

= × + × = ×

=

∑

SAMPLE PROBLEM 2/5

Calculate the magnitude of the moment about the base point O of the 600-N
force in five different ways.

Solution. (I) The moment arm to the 600-N force is

By M � Fd the moment is clockwise and has the magnitude

Ans.

(II) Replace the force by its rectangular components at A,

By Varignon’s theorem, the moment becomes

Ans.

(III) By the principle of transmissibility, move the 600-N force along its
line of action to point B, which eliminates the moment of the component F2. The
moment arm of F1 becomes

and the moment is

Ans.

(IV) Moving the force to point C eliminates the moment of the component
F1. The moment arm of F2 becomes

and the moment is

Ans.

(V) By the vector expression for a moment, and by using the coordinate
system indicated on the figure together with the procedures for evaluating cross
products, we have

The minus sign indicates that the vector is in the negative z-direction. The mag-
nitude of the vector expression is

Ans.MO � 2610 N � m

� �2610k N � m

MO � r � F � (2i � 4j) � 600(i cos 40� � j sin 40�)

MO � 386(6.77) � 2610 N � m

d2 � 2 � 4 cot 40� � 6.77 m

MO � 460(5.68) � 2610 N � m

d1 � 4 � 2 tan 40� � 5.68 m

MO � 460(4) � 386(2) � 2610 N � m

F1 � 600 cos 40� � 460 N,   F2 � 600 sin 40� � 386 N

MO � 600(4.35) � 2610 N � m

d � 4 cos 40� � 2 sin 40� � 4.35 m

Article 2/4 Moment 41

2 m

4 m

A

O

40°

600 N

2 m

4 m
600 N

40°

40°

O

d

2 m

4 m

O

F2 = 600 sin 40°

F1 = 600 cos 40°

O

C

B

F

A
x

y

d1

d2

F2

F2

F1

F1

r

Helpful Hints

� The required geometry here and in
similar problems should not cause dif-
ficulty if the sketch is carefully drawn.

� This procedure is frequently the
shortest approach.

� The fact that points B and C are not
on the body proper should not cause
concern, as the mathematical calcula-
tion of the moment of a force does not
require that the force be on the body.

� Alternative choices for the position
vector r are r � d1 j � 5.68j m and 
r � d2i � 6.77i m.

�

�

�

�

 600N

θ = 30°

Fy

Fx

4m

هرگاه امتداد یک نیرو از یک نقطه بگذرد گشتاور آن نیرو نسبت به آن نقطه صفر است.نکته

2-5- زوج نیرو

2-5-1- خصوصیات زوج نیرو

MO

به دو نیروی مساوی - موازی و مختلف الجهت زوج نیرو گفته می شود.

1- برآیند زوج نیرو صفر است؛
2- در اجسام ایجاد گشتاور )چرخش( می نماید؛

3- گشـتاور زوج نیـرو نسـبت بـه هـر نقطـه دلخواه مقداری اسـت ثابـت و برابر اسـت با حاصل ضـرب مقدار یک 
نیـرو در فاصلـة بین آن ها. )شـکل 6( 

M=F.d

چگونـه می تـوان به کمـک گشـتاورگیری نسـبت بـه یـک نقطـة دلخـواه ماننـد O در شـکل )6( خصوصیـت 
سـوم زوج نیـرو را اثبـات کرد.

تحقیق 
کنید

 شکل 6 
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A

O

M N.m

M N.m

M F.d N.m

90 8 90 6 1260
90 11 90 3 1260

90 14 1260

= × + × =

= × + × =

= = × =

A

O

M N.m

M N.m

M F.d N.m

90 8 90 6 1260
90 11 90 3 1260

90 14 1260

= × + × =

= × + × =

= = × =

A

O

M N.m

M N.m

M F.d N.m

90 8 90 6 1260
90 11 90 3 1260

90 14 1260

= × + × =

= × + × =

= = × =

PROBLEMS
Introductory Problems

2/59 Compute the combined moment of the two 90-lb
forces about (a) point O and (b) point A.

Problem 2/59

2/60 Replace the 12-kN force acting at point A by a
force–couple system at (a) point O and (b) point B.

Problem 2/60

O

B

A
30°

12 kN

4 m

5 m

y

x

A O

y

x

4″4″8″

90 lb

90 lb

Article 2/5 Problems 53

2/61 Replace the force–couple system at point O by a
single force. Specify the coordinate of the point
on the y-axis through which the line of action of this
resultant force passes.

Problem 2/61

2/62 The top view of a revolving entrance door is shown.
Two persons simultaneously approach the door and
exert force of equal magnitudes as shown. If the
resulting moment about the door pivot axis at O is

determine the force magnitude F.

Problem 2/62

15°

15°

0.8 m

0.8 m

O

– F

F

25 N � m,

O
80 N·m

200 N

y

x

yA

PROBLEMS
Introductory Problems

2/59 Compute the combined moment of the two 90-lb
forces about (a) point O and (b) point A.

Problem 2/59

2/60 Replace the 12-kN force acting at point A by a
force–couple system at (a) point O and (b) point B.

Problem 2/60

O

B

A
30°

12 kN

4 m

5 m

y

x

A O

y

x

4″4″8″

90 lb

90 lb

Article 2/5 Problems 53

2/61 Replace the force–couple system at point O by a
single force. Specify the coordinate of the point
on the y-axis through which the line of action of this
resultant force passes.

Problem 2/61

2/62 The top view of a revolving entrance door is shown.
Two persons simultaneously approach the door and
exert force of equal magnitudes as shown. If the
resulting moment about the door pivot axis at O is

determine the force magnitude F.

Problem 2/62

15°

15°

0.8 m

0.8 m

O

– F

F

25 N � m,

O
80 N·m

200 N

y

x

yA

90N

90N

8m 3m 3m

در شکل روبه رو مطلوب است محاسبة گشتاور دو نیروی 90 نیوتنی:مثال 4
A الف( حول نقطة
O ب( حول نقطة

ج( با استفاده از خاصیت زوج نیرو
حل:

الف(

ب(

ج(

نکته
جمع بندی نکات پودمان 1 )تحلیل مکانیک برداری(:

• نیرو کمیتی است برداری که باعث حرکت، تغییر شکل و یا چرخش اجسام می گردد.
• انواع نیرو عبارتند از: نیروهای خارجی، نیروهای داخلی.

• منظـور از برآینـد دو یـا چنـد نیـرو عبارت اسـت از نیرویی که بـه تنهایی اثر همـة نیروها را در خود داشـته 
باشد.

• بـرای تعییـن برآینـد چنـد نیـرو از روش تجزیه بـه مؤلفه های متعامد اسـتفاده می شـود و مقـدار برآیند از 

x yR (R ) (R )2 2= + رابطة 

 به دست می آید. y

x

R
tan

R
1−θ = و زاویة برآیند با محور x ها از رابطة 

• گشـتاور یـک نیـرو نسـبت به یک محـور عبارت اسـت از حاصل ضـرب نیـرو )F( در کوتاه تریـن فاصلة نیرو 
M به دسـت می آید. F.d تـا آن محـور )d(. و از رابطـة 

• قضیـه وارینـون: گشـتاور برآینـد چند نیـرو حول یک نقطـة معین برابر اسـت با مجموع گشـتاورهای آن ها 
حول همـان نقطه.

• به دو نیروی مساوی، موازی و مختلف الجهت زوج نیرو گفته می شود.
• گشتاور زوج نیرو برابر است با حاصل ضرب یکی از نیروها در فاصلة بین آن ها.
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فعالیت 
کلاسی1

در شـکل روبـه رو گشـتاور نیـروی 250 
نیوتنـی را حـول مرکـز پیـچ محاسـبه 
نمـوده و جهـت گشـتاور را تعییـن نمائیـد.

PROBLEMS
Introductory Problems

2/31 The 4-kN force F is applied at point A. Compute the
moment of F about point O, expressing it both as
a scalar and as a vector quantity. Determine the
coordinates of the points on the x- and y-axes
about which the moment of F is zero.

Problem 2/31

2/32 The rectangular plate is made up of 1-ft squares as
shown. A 30-lb force is applied at point A in the di-
rection shown. Calculate the moment of the force
about point B by at least two different methods.

Problem 2/32

2/33 The throttle-control sector pivots freely at O. If an
internal torsional spring exerts a return moment

on the sector when in the position
shown, for design purposes determine the necessary
throttle-cable tension T so that the net moment
about O is zero. Note that when T is zero, the sector
rests against the idle-control adjustment screw at R.

M � 1.8 N � m

x

A

B

y

1 ft

30 lb

1 ft

MB

y, m

x, m

5

3

F = 4 kN

A (1.2, 1.5)

O

Article 2/4 Problems 43

Problem 2/33

2/34 The force of magnitude F acts along the edge of the
triangular plate. Determine the moment of F about
point O.

Problem 2/34

2/35 Calculate the moment of the 250-N force on the
handle of the monkey wrench about the center of
the bolt.

Problem 2/35

200 mm

30 mm

15°

250 N

b

F

A

B

O

h

M

Q

R

P

T

50 mm

O

200 mm

250 N
15°

30 mm

فعالیت 
کلاسی2

در شکل های زیر گشتاور نیرو را حول نقطه A محاسبه نمائید.

2/65 The 7-lb force is applied by the control rod on the
sector as shown. Determine the equivalent force–
couple system at O.

Problem 2/65

2/66 Replace the 10-kN force acting on the steel column
by an equivalent force–couple system at point O.
This replacement is frequently done in the design of
structures.

Problem 2/66

1 m

10 kN

O

75 mm

A

T = 7 lb

15°

30°

15°O

3"

54 Chapter 2 Force Systems

2/63 Determine the moment associated with the couple
applied to the rectangular plate. Reconcile the
results with those for the individual special cases of

and

Problem 2/63

2/64 As part of a test, the two aircraft engines are revved
up and the propeller pitches are adjusted so as to re-
sult in the fore and aft thrusts shown. What force F
must be exerted by the ground on each of the main
braked wheels at A and B to counteract the turning
effect of the two propeller thrusts? Neglect any ef-
fects of the nose wheel C, which is turned and
unbraked.

Problem 2/64

500 lb

C

A

B
500 lb

8′ 14′

90�

b

h

F

F

θ

θ

h � 0.� � 0, b � 0,

2/65 The 7-lb force is applied by the control rod on the
sector as shown. Determine the equivalent force–
couple system at O.

Problem 2/65

2/66 Replace the 10-kN force acting on the steel column
by an equivalent force–couple system at point O.
This replacement is frequently done in the design of
structures.

Problem 2/66

1 m

10 kN

O

75 mm

A

T = 7 lb

15°

30°

15°O

3"

54 Chapter 2 Force Systems

2/63 Determine the moment associated with the couple
applied to the rectangular plate. Reconcile the
results with those for the individual special cases of

and

Problem 2/63

2/64 As part of a test, the two aircraft engines are revved
up and the propeller pitches are adjusted so as to re-
sult in the fore and aft thrusts shown. What force F
must be exerted by the ground on each of the main
braked wheels at A and B to counteract the turning
effect of the two propeller thrusts? Neglect any ef-
fects of the nose wheel C, which is turned and
unbraked.

Problem 2/64

500 lb

C

A

B
500 lb

8′ 14′

90�

b

h

F

F

θ

θ

h � 0.� � 0, b � 0,

A

10 kN

1 m

75 mm

5/128 Draw the shear and moment diagrams for the
loaded beam and determine the distance d to the
right of A where the moment is zero.

Problem 5/128

5/129 Draw the shear and moment diagrams for the
beam loaded at its center by the couple C. State
the value of the shear force at midbeam.

Problem 5/129

5/130 Draw the shear and moment diagrams for the
loaded beam. What are the values of the shear and
moment at midbeam?

Problem 5/130

5/131 Draw the shear and moment diagrams for the
beam shown and find the bending moment M at
section C.

Problem 5/131

A

3′

C B

3′

12′′800 lb 1000 lb

3′ 3′
600 lb

A B
M0

l––
3

l––
3

l––
3

A

C

B

l/2 l/2

A

B

4 kN

2 kN

2 m 2 m 2 m

286 Chapter 5 Distributed Forces

PROBLEMS
Introductory Problems

5/125 Determine the shear-force and bending-moment
distributions produced in the beam by the concen-
trated load. What are the values of the shear and
moment when 

Problem 5/125

5/126 Draw the shear and moment diagrams for the loaded
cantilever beam. State the value of the bending mo-
ment at midbeam.

Problem 5/126

5/127 Draw the shear and moment diagrams for the div-
ing board, which supports the 175-lb man poised to
dive. Specify the bending moment with the maxi-
mum magnitude.

Problem 5/127

BA

42′′

12′

l––
2

l––
2

PP

A

x

A B

P
2l–––
3

l––
3

x � l /2?

L
2

L
2

Problem 2/175

2/176 Reduce the given loading system to a force–couple
system at point A. Then determine the distance x
to the right of point A at which the resultant of the
three forces acts.

Problem 2/176

2/177 Represent the resultant of the three forces and
couple by a force–couple system located at point A.

Problem 2/177

2 m

3.5 m
1.5 m

2.5 m

3 kN

4 kN

10 kN·m

5 kN
160°

A

20″8″

18″

200 lb

300 lb

180 lb

A

100 N

160 N

240 N

600 mm

600 mm

A

600 mm

102 Chapter 2 Force Systems

2/173 The control lever is subjected to a clockwise couple
of exerted by its shaft at A and is designed
to operate with a 200-N pull as shown. If the resul-
tant of the couple and the force passes through A,
determine the proper dimension x of the lever.

Problem 2/173

2/174 Calculate the moment of the 250-N force about
the base point O of the robot.

Problem 2/174

2/175 Replace the three forces shown by an equivalent
force–couple system at point A. If the forces are
replaced by a single resultant force, determine the
distance d below point A to its line of action.

A

B

C

400 mm

300 mm

250 N

20°

60°

O

500 mm

MO

150 mm

200 N

x

20°

A

80 N � m

200N 180N

300N
1m 1/20m 1m

فعالیت 
کلاسی3

گشتاور نیروی P حول نقطة A و B را به دست آورید.

Problem 2/38

Representative Problems

2/39 The slender quarter-circular member of mass m is
built-in at its support O. Determine the moment of
its weight about point O. Use Table D/3 as neces-
sary to determine the location of the mass center of
the body.

Problem 2/39

2/40 The 30-N force P is applied perpendicular to the
portion BC of the bent bar. Determine the moment
of P about point B and about point A.

Problem 2/40

C

B

A

P  =  30 N

45°

1.6 m

1.6 m

b

O

m

20°

F = 60 N

r = 100 mm

O

44 Chapter 2 Force Systems

2/36 The tension in cable AB is 100 N. Determine the
moment about O of this tension as applied to point
A of the T-shaped bar. The dimension b is 600 mm.

Problem 2/36

2/37 A prybar is used to remove a nail as shown. Deter-
mine the moment of the 60-lb force about the point
O of contact between the prybar and the small sup-
port block.

Problem 2/37

2/38 A force F of magnitude 60 N is applied to the gear.
Determine the moment of F about point O.

A

14″

65°

15°

60 lb

1.2″

O

b

b O B

A

60°

b––
2

b––
2

P=30 N

1/6 m

1/6 m

45°

)الف(

)ج(

)ب(
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فعالیت 
کلاسی4

.MA در شکل های زیر مطلوب است محاسبة

Problem 2/38

Representative Problems

2/39 The slender quarter-circular member of mass m is
built-in at its support O. Determine the moment of
its weight about point O. Use Table D/3 as neces-
sary to determine the location of the mass center of
the body.

Problem 2/39

2/40 The 30-N force P is applied perpendicular to the
portion BC of the bent bar. Determine the moment
of P about point B and about point A.

Problem 2/40

C

B

A

P  =  30 N

45°

1.6 m

1.6 m

b

O

m

20°

F = 60 N

r = 100 mm

O

44 Chapter 2 Force Systems

2/36 The tension in cable AB is 100 N. Determine the
moment about O of this tension as applied to point
A of the T-shaped bar. The dimension b is 600 mm.

Problem 2/36

2/37 A prybar is used to remove a nail as shown. Deter-
mine the moment of the 60-lb force about the point
O of contact between the prybar and the small sup-
port block.

Problem 2/37

2/38 A force F of magnitude 60 N is applied to the gear.
Determine the moment of F about point O.

A

14″

65°

15°

60 lb

1.2″

O

b

b O B

A

60°

b––
2

b––
2

Problem 2/38

Representative Problems

2/39 The slender quarter-circular member of mass m is
built-in at its support O. Determine the moment of
its weight about point O. Use Table D/3 as neces-
sary to determine the location of the mass center of
the body.

Problem 2/39

2/40 The 30-N force P is applied perpendicular to the
portion BC of the bent bar. Determine the moment
of P about point B and about point A.

Problem 2/40

C

B

A

P  =  30 N

45°

1.6 m

1.6 m

b

O

m

20°

F = 60 N

r = 100 mm

O

44 Chapter 2 Force Systems

2/36 The tension in cable AB is 100 N. Determine the
moment about O of this tension as applied to point
A of the T-shaped bar. The dimension b is 600 mm.

Problem 2/36

2/37 A prybar is used to remove a nail as shown. Deter-
mine the moment of the 60-lb force about the point
O of contact between the prybar and the small sup-
port block.

Problem 2/37

2/38 A force F of magnitude 60 N is applied to the gear.
Determine the moment of F about point O.

A

14″

65°

15°

60 lb

1.2″

O

b

b O B

A

60°

b––
2

b––
2

F1=50kN

F2=50kN

2m

45°

)ب()الف(

200kN

200kN
1/50m4m

3m

100kN

3/B In each of the five following examples, the body to be
isolated is shown in the left-hand diagram, and either
a wrong or an incomplete free-body diagram (FBD) is
shown on the right. Make whatever changes or addi-
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tions are necessary in each case to form a correct and
complete free-body diagram. The weights of the bod-
ies are negligible unless otherwise indicated. Dimen-
sions and numerical values are omitted for simplicity.

Problem 3/B

mg

mg

1.

Wrong or Incomplete FBDBody

P

P

N

N

PLawn roller of 
mass m being
pushed up 
incline .

5. Bent rod welded to
support at A and 
subjected to two 
forces and couple.

4. Supporting angle
bracket for frame;
pin joints.

3. Uniform pole of 
mass m being
hoisted into posi-
tion by winch.
Horizontal sup-
porting surface
notched to prevent
slipping of pole.

2. Prybar lifting
body A having
smooth horizontal 
surface. Bar rests 
on horizontal 
rough surface.

P

T

R

R

A

Notch

y

x

M

F

M

F

P

A y

F

A

A

B

P

A

B

100kN

الگوی ارزشیابی پودمان تحلیل مکانیک برداری
تکالیف عملکردی

استانداردنتایجاستاندارد عملکرد)شایستگی ها(
نمره)شاخص ها، داوری، نمره دهی(

برآیند و گشتاور دو یا کاربرد جمع بردارها
چند نیرو را به کمک 
ماشین حساب و روابط 

هندسی و مثلثاتی به دست 
آورد.

بالاتر از حد انتظار

تجزیه بردارها روی محورهای مختلف 
به روش ترسیمی و محاسباتی، محاسبه 

برآیند سیستم های چندنیرویی و 
محاسبه گشتاور نیروها

3

در حد انتظار
)کسب شایستگی(

محاسبه جمع و ضرب بردارها به کمک 
2روابط هندسی و مثلثاتی

پایین تر از انتظارکاربرد ضرب بردارها
)عدم احراز شایستگی(

نمایش جمع و ضرب بردارها به صورت 
1ترسیمی

نمره مستمر از 5

نمره شایستگی پودمان از 3

نمره پودمان از 20

ارزشـیابی در ایـن درس براسـاس شایسـتگی اسـت. برای هـر پودمان یک نمره مسـتمر )از 5 نمـره( و یک نمره 
شایسـتگی پودمـان )نمـرات 1، 2 یـا 3( بـا توجه بـه اسـتانداردهای عملکرد جـداول ذیل برای هـر هنرجو ثبت 
مـی گـردد. امـکان جبـران پودمـان هـای در طـول سـال تحصیلـی بـرای هنرجویـان و بر اسـاس برنامـه ریزی 

هنرسـتان وجود دارد.

ارزشیابی


