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Isaac NewtonIsaac Newton

Newton’s (1642Newton’s (1642--1727) systematic and marvelous 1727) systematic and marvelous 

description of the world in the form of a single set of description of the world in the form of a single set of 

laws appeared in his book laws appeared in his book Philosophiae Naturalis Philosophiae Naturalis 

Principia Mathematica Principia Mathematica in 1687.in 1687.
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Newton’s First LawNewton’s First Law

A body remains at rest or, if already in motion, A body remains at rest or, if already in motion, 
remains in uniform motion with constant speed remains in uniform motion with constant speed 
in a straight line, unless it is acted on by an in a straight line, unless it is acted on by an 
unbalanced external force.unbalanced external force.

nn Inertia: The Inertia: The lazinesslaziness or or idlenessidleness of a body to of a body to 
maintain the state of motion or the state of rest maintain the state of motion or the state of rest 
unless made to do otherwise by an interfering unless made to do otherwise by an interfering 
force is called the force is called the Inertia.Inertia.
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Explanation of 1Explanation of 1stst LawLaw
nn The inertia of rest is easy to understand and visualize The inertia of rest is easy to understand and visualize -- the car the car 

in your garage or the desk in your study will remain immobile in your garage or the desk in your study will remain immobile 
forever unless pushed by an external agent. forever unless pushed by an external agent. 

nn The inertia of motion is not readily visible because moving The inertia of motion is not readily visible because moving 
objects around us eventually come to rest under the action of objects around us eventually come to rest under the action of objects around us eventually come to rest under the action of objects around us eventually come to rest under the action of 
friction from contacting surfaces and/or the aerodynamic drag.friction from contacting surfaces and/or the aerodynamic drag.

A hockey puck pushed on a level, cement sidewalk travels A hockey puck pushed on a level, cement sidewalk travels 
along a straight line but comes to a stop due to friction. When along a straight line but comes to a stop due to friction. When 
the same hockey puck is given the same amount of push on the same hockey puck is given the same amount of push on 
level ice will travel along a straight line much further, because level ice will travel along a straight line much further, because 
of reduced friction  of reduced friction  
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ForceForce

nn Derived from the Derived from the LatinLatin word word fortisfortis meaning meaning 

strong.strong.

nn You need to apply a force to push a wheelYou need to apply a force to push a wheel--nn You need to apply a force to push a wheelYou need to apply a force to push a wheel--

barrow across the yard, to throw a basketball barrow across the yard, to throw a basketball 

to the hoop, or pick up a bucket of water.to the hoop, or pick up a bucket of water.

nn Force is measured in two units: Newton (N) Force is measured in two units: Newton (N) 

and pounds (lbf).and pounds (lbf).
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Force is a VectorForce is a Vector

Force has magnitude and directionForce has magnitude and direction

A 200lb force at an angle A 200lb force at an angle 

of 20of 20oo with Southwith South

A 3000N force at an angle A 3000N force at an angle 

of 30of 30oo with East.with East.

Contents



Force is a VectorForce is a Vector

Force obeys parallelogram law of addition.Force obeys parallelogram law of addition.
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NonNon--rectangular rectangular 

Components of ForceComponents of Force
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Rectangular Components of ForceRectangular Components of Force

The easiest way to obtain The easiest way to obtain 
the rectangular the rectangular 
components of  a force is components of  a force is 
to use the concept of to use the concept of 
direction cosinesdirection cosines..direction cosinesdirection cosines..

The sense of the angle  The sense of the angle  
(clockwise/counter(clockwise/counter--
clockwise) between clockwise) between FF and and 
the axes has no effect, the axes has no effect, 
becausebecause
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Components in 3Components in 3--DD

1coscoscos

ˆcosˆcosˆcos

222 =++

++=

zyx

zyx
kFjFiFF

θθθ

θθθ
r

Contents



Components in 3Components in 3--DD
QQ is the foot of the perpendicular on the is the foot of the perpendicular on the xyxy--plane drawn plane drawn 
from the tip from the tip P P of the force of the force F.F.

Line Line OQOQ is on theis on the

xyxy--plane.plane.
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Components in 3Components in 3--DD

A force A force FF is applied along is applied along 

line line AP, AP, with its tail towardswith its tail towards

AA and tip towards and tip towards PP..
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MassMass

In 1889, the 1st CGPM In 1889, the 1st CGPM 

((Conférence Générale des Conférence Générale des 

Poids et MesuresPoids et Mesures) sanctioned ) sanctioned 

the international prototype of the international prototype of 

the kilogram. The picture at the kilogram. The picture at the kilogram. The picture at the kilogram. The picture at 

the right shows the platinumthe right shows the platinum--

iridium international iridium international 

prototype, as kept at the prototype, as kept at the 

International Bureau of International Bureau of 

Weights and Measures Weights and Measures 

(Sevres, France). (Sevres, France). 
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Newton’s Law of GravitationNewton’s Law of Gravitation

Any two bodies in the universe attract each other with a Any two bodies in the universe attract each other with a 

force force (F)(F) that is directly proportional to the product of that is directly proportional to the product of 

the masses (the masses (m and M) m and M) of the bodies, and inversely of the bodies, and inversely 

proportional to the square of the distance (proportional to the square of the distance (dd) between ) between 

them. The constant of proportionality (them. The constant of proportionality (GG) is known as the ) is known as the them. The constant of proportionality (them. The constant of proportionality (GG) is known as the ) is known as the 

gravitational constant.gravitational constant.
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Gravitational ConstantGravitational Constant

In 1798, Henry Cavendish In 1798, Henry Cavendish 

(1731(1731--1810) used a torsion 1810) used a torsion 

balance to determine the balance to determine the 

value of the value of the gravitational gravitational 

constant (G). constant (G). ( see The ( see The 

Contents

constant (G). constant (G). ( see The ( see The 

Feynman Lectures on Feynman Lectures on 

Physics, VolPhysics, Vol--1, p. 71, p. 7--9, 9, 

Addison Wesley, 1969).Addison Wesley, 1969).
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WeightWeight

Weight (Weight (W) W) is the gravitational attraction between earth is the gravitational attraction between earth 

and a body located on the surface of the earth. and a body located on the surface of the earth. 

DenotingDenoting

R

GM
g =

2
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M M and and RR are mass and radius of earth, respectively.are mass and radius of earth, respectively.

The quantity The quantity gg is known as the acceleration of gravity.is known as the acceleration of gravity.
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MomentMoment
The moment of a force measures the tendency of a force The moment of a force measures the tendency of a force 
to make the rigid body rotate about a fixed axis.to make the rigid body rotate about a fixed axis.

Moment can be calculated about a point Moment can be calculated about a point O, O, or about an or about an 
axis axis AB.AB.
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Moment as VectorMoment as Vector

nn Moment about point Moment about point O.O.

The tendency of rotation is The tendency of rotation is 
caused by moment caused by moment M, M, and and 
the axis of rotation is the axis of rotation is 
directed along directed along M.M.

nn Moment about axis Moment about axis ABAB

The tendency of rotation is The tendency of rotation is 
caused by moment caused by moment MMABAB, and , and 
the axis of rotation is directed the axis of rotation is directed 
along along MM

Contents

directed along directed along M.M.

Vector Vector rr has its tail at has its tail at OO and and 
tip on the line of action of tip on the line of action of FF..

along along MMAB.AB.

Vector Vector rr has its tail on the has its tail on the 
axis axis ABAB and the tip on the line and the tip on the line 
of action of Fof action of F
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CoupleCouple

Two equal and opposite forces Two equal and opposite forces 

FF and and ––F F that are separated by that are separated by 

a distance form a couple. A a distance form a couple. A 

couple causes a tendency of couple causes a tendency of 

pure rotational motion. The pure rotational motion. The 

moment of the couple is moment of the couple is 
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moment of the couple is moment of the couple is 

computed fromcomputed from

Vector Vector rr has its tail on the line has its tail on the line 

of action of of action of ––F, F, and the tip on and the tip on 

the line of action of the line of action of F.F.
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Translational MotionTranslational Motion

A a body has translational motion when all the particles forming A a body has translational motion when all the particles forming 

the body move along parallel paths. Furthermore, a the body move along parallel paths. Furthermore, a line joining line joining 

two particles (A and B) moves parallel to itself during the two particles (A and B) moves parallel to itself during the 

motionmotion..

If these paths are straight lines, the motion is If these paths are straight lines, the motion is rectilinear rectilinear 

translationtranslation; ; if the paths are curved lines, the motion is a if the paths are curved lines, the motion is a 

Contents

translationtranslation; ; if the paths are curved lines, the motion is a if the paths are curved lines, the motion is a 

curvilinear translationcurvilinear translation..



AccelerationAcceleration

nn Galileo observed that a body rolling down an inclined plane Galileo observed that a body rolling down an inclined plane 
travels greater and greater distances in successive equal time travels greater and greater distances in successive equal time 
intervals. intervals. 

nn Galileo quantified the change in velocity with time. This Galileo quantified the change in velocity with time. This 
quantification is shown in the Table below. Time is measured quantification is shown in the Table below. Time is measured 
in seconds (s), distance in meters (m), and acceleration, in the in seconds (s), distance in meters (m), and acceleration, in the 
last column of the Table, in meters/second/second (m/slast column of the Table, in meters/second/second (m/s22). ). 
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last column of the Table, in meters/second/second (m/slast column of the Table, in meters/second/second (m/s22). ). 

Time (s)
Position 

(m)

Distance 

Traveled 

(m)

Average Velocity 

(m/sec)

Change in 

Velocity (m/s)

Change in 

Velocity per 

second (m/s/s)

0 0

1 2 2 2

2 8 6 6 4 4

3 18 10 10 4 4

4 32 14 14 4 4

5 50 18 18 4 4

6 72 22 22 4 4



Newton’s Second LawNewton’s Second Law

Second Law connects the translational acceleration of a body Second Law connects the translational acceleration of a body 
with the resultant force on the bodywith the resultant force on the body

The acceleration produced by a particular force acting on a body The acceleration produced by a particular force acting on a body 
is directly proportional to the magnitude of the force and is directly proportional to the magnitude of the force and 
inversely proportional to the mass of the body.inversely proportional to the mass of the body.

Contents

inversely proportional to the mass of the body.inversely proportional to the mass of the body.

With acceleration With acceleration a, a, force force FF, and mass , and mass m, m, and constant of and constant of 
proportionality proportionality kk, we get, we get

m

kF
a =



UnitsUnits

The constant of proportionality The constant of proportionality k = 1 k = 1 when proper units when proper units 

for acceleration, force, and mass are chosen.for acceleration, force, and mass are chosen.

Newton’s 2Newton’s 2ndnd Law reduces toLaw reduces to

amF
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Newton’s Third lawNewton’s Third law

When a body exerts a force on a second body, the When a body exerts a force on a second body, the 
second body exerts a force on the first body. These second body exerts a force on the first body. These 
forces are equal in magnitude, opposite in direction, and forces are equal in magnitude, opposite in direction, and 
have the same line of action.have the same line of action.

nn (from Understanding Physics, I. Asimov, Vol, 1, (from Understanding Physics, I. Asimov, Vol, 1, 

Contents

nn (from Understanding Physics, I. Asimov, Vol, 1, (from Understanding Physics, I. Asimov, Vol, 1, 
George Allen & Unwin Ltd., 1966)George Allen & Unwin Ltd., 1966) People tend to ask: People tend to ask: 
“…if there are two equal and opposite forces, why don’t “…if there are two equal and opposite forces, why don’t 
they cancel out by vector addition, leaving no net force they cancel out by vector addition, leaving no net force 
at all?” The answer is that two equal and opposite forces at all?” The answer is that two equal and opposite forces 
cancel out by vector addition when they are exerted on cancel out by vector addition when they are exerted on 
the same body. …The law of interaction, however, the same body. …The law of interaction, however, 
involves equal and opposite forces exerted on involves equal and opposite forces exerted on two two 
separate bodies.separate bodies.



World of NewtonWorld of Newton

Consider the “World of Newton” that consists of the Consider the “World of Newton” that consists of the EarthEarth, , one one 
apple treeapple tree, and , and one appleone apple. In this “World of Newton”, all the . In this “World of Newton”, all the 
celestial and terrestrial bodies are in equilibrium following the celestial and terrestrial bodies are in equilibrium following the 
same set of lawssame set of laws..
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ActionAction--ReactionReaction

In the diagrams, In the diagrams, FFα/βα/β and and FFβ/αβ/α pairs are equal and opposite, pairs are equal and opposite, 

actionaction--reaction, contact forces between objects reaction, contact forces between objects α α and and ββ..

GGα/βα/β and and GGβ/αβ/α pairs are equal and opposite, actionpairs are equal and opposite, action--reaction,reaction,

gravitational forces between objectsgravitational forces between objects

α α ββ

Contents

α α and and ββ..



Translation Motion of a System(1)Translation Motion of a System(1)
(portions of this material are borrowed from(portions of this material are borrowed from

Feynman Lectures on Physics, CA Inst. Of Tech., 1963) Feynman Lectures on Physics, CA Inst. Of Tech., 1963) 

Newton’s 2Newton’s 2ndnd Law can easily predict that the flight path of a Law can easily predict that the flight path of a 
baseball is parabolic. In this mathematical model, we assume that baseball is parabolic. In this mathematical model, we assume that 
the baseball is a particle (point mass).the baseball is a particle (point mass).

Newton’s 2Newton’s 2ndnd Law can also predict the motion of more Law can also predict the motion of more 
complicated objects: gas molecules swarming, water flowing, and complicated objects: gas molecules swarming, water flowing, and complicated objects: gas molecules swarming, water flowing, and complicated objects: gas molecules swarming, water flowing, and 
galaxies whirling.galaxies whirling.

Consider a complex object consisting of springs, cables, spokes, Consider a complex object consisting of springs, cables, spokes, 
solid blocks, and buckets of liquid. When this composite object is solid blocks, and buckets of liquid. When this composite object is 
tossed like a baseball, each individual part may tumble, jiggle, tossed like a baseball, each individual part may tumble, jiggle, 
slosh, and vibrate, but “something” in this object continues to slosh, and vibrate, but “something” in this object continues to 
travel on a parabolic path. That “something” is called the travel on a parabolic path. That “something” is called the center center 
of massof mass.  .  
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Translational Motion of a System(2)Translational Motion of a System(2)
Consider a system of two masses Consider a system of two masses mm11

and and mm22 located at located at rr11 and and rr22 in a in a 

coordinate system fixed in space. coordinate system fixed in space. 

External forces External forces FF11 and and FF22 are acting on are acting on 

these two masses. The forces  these two masses. The forces  ff1212 and and ff2121

are interactive forces among the are interactive forces among the 

masses. From Newton’s 3masses. From Newton’s 3rdrd LawLaw

Adding the equations of motionAdding the equations of motion

For a system of For a system of n n massesmasses
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Center of Mass Center of Mass 

From previous slide,From previous slide,

DefiningDefining

the equation of motion the equation of motion 

becomesbecomes
∑

∑
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DefiningDefining

where where GG is the location of is the location of 

the center of mass,the center of mass,

For a continuous bodyFor a continuous body
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Centroid Centroid –– 2D2D

For a slab of uniform density, the For a slab of uniform density, the 

location of the centroid islocation of the centroid is

The integrals are evaluated as The integrals are evaluated as 
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The integrals are evaluated as The integrals are evaluated as 

repeatedrepeated or or iteratediterated integrals. For a integrals. For a 

TBTB--Region,Region, we writewe write

For a For a LRLR--Region, Region, we writewe write
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Rotational MotionRotational Motion

A body has rotational A body has rotational 

motion when all the motion when all the 

particles forming the body particles forming the body 

move on parallel planes move on parallel planes 

Contents

move on parallel planes move on parallel planes 

along circles centered on along circles centered on 

the same fixed axis. This the same fixed axis. This 

axis is called the axis of axis is called the axis of 

rotation.rotation.



Rotational Motion of a SystemRotational Motion of a System

For a system of two masses, we have For a system of two masses, we have 

shownshown

ThereforeTherefore

For For nn number of massesnumber of masses
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By taking a cross productBy taking a cross product

AlsoAlso
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Moment and Angular MomentumMoment and Angular Momentum
When the velocities of the masses in a system are When the velocities of the masses in a system are vv11, v, v22,…, v,…, vii,…, v,…, vnn,, we findwe find

Therefore, the equation of rotational motion of a system becomesTherefore, the equation of rotational motion of a system becomes
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Where Where MM is the net moment and is the net moment and L L is the net angular momentum of the systemis the net angular momentum of the system
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Generalized Equations of MotionGeneralized Equations of Motion
Translational plus Rotational MotionTranslational plus Rotational Motion

Two forces Two forces FF11, F, F22, , and a couple and a couple 

MMCC are acting on a bodyare acting on a body. . The The 

equations of motion of the body equations of motion of the body 

are are 

amFFR
rrrr

=+=

Where Where aaGG is the acceleration of the is the acceleration of the 

center of mass and center of mass and LL is the angular is the angular 

momentum of the body.momentum of the body.
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EquilibriumEquilibrium

At equilibriumAt equilibrium

Then the equations for Then the equations for 

0==
dt

Ld
a
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r
r
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Then the equations for Then the equations for 

forceforce--balance and balance and 

momentmoment--balance arebalance are

0

0

2211

21

=+×+×=

=+

CO
MFrFrM

FF
rrrrrr

rr



You can Balance You can Balance MomentMoment
at at any point of your choiceany point of your choice

You need not enforce the You need not enforce the 

momentmoment--balance equation balance equation 

at the origin at the origin OO. . You can You can 

pick any suitable point, pick any suitable point, 

including points outside including points outside 
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including points outside including points outside 

the bodythe body, such as , such as A, A, in the in the 

Figure. Figure. 
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Concurrent ForcesConcurrent Forces
(Equilibrium of a particle)(Equilibrium of a particle)

A 6000N force is applied A 6000N force is applied 

on a particle. The particle on a particle. The particle 

is maintained in is maintained in 

equilibrium with 3 cables equilibrium with 3 cables 

PA, PB, PA, PB, and and PCPC.  .  
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PA, PB, PA, PB, and and PCPC.  .  

The unit vectors = The unit vectors = 

Equation for equilibrium:Equation for equilibrium:

0ˆ6000ˆˆˆ 321
=−++ knFnFnF
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Equilibrium of TwoEquilibrium of Two--Force MembersForce Members
Consider the diagrams below from left to right, where two forces are acting on Consider the diagrams below from left to right, where two forces are acting on 

a body.a body.

1.1. Force Force F1F1 and and F2F2 are acting at points are acting at points AA and and BB, respectively., respectively.

2.2. We balance moment at We balance moment at BB. Moment due to . Moment due to F2F2 is zero. For moment due to is zero. For moment due to 
F1 F1 to be zero, it must act along line to be zero, it must act along line AB.AB.

3.3. We balance moment at We balance moment at A. A. Moment due to Moment due to F1F1 is zero. For moment due to is zero. For moment due to 
F2 F2 to be zero, it must act along line to be zero, it must act along line ABAB..

4.4. For two forces acting along line For two forces acting along line ABAB, we must have , we must have F1 = F2 = FF1 = F2 = F

When two forces act on a body in equilibrium, those two forces must have the When two forces act on a body in equilibrium, those two forces must have the 
same line of action, same magnitude, and opposite sense.same line of action, same magnitude, and opposite sense.
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Friction (1)Friction (1)

nnFriction force is present only Friction force is present only 
when there is motion (kinetic when there is motion (kinetic 
friction) or tendency of friction) or tendency of 
motion (static friction). motion (static friction). 

nnThe friction force acts The friction force acts 
opposite to the direction of opposite to the direction of 
motion or tendency of motion or tendency of 

Contents

motion or tendency of motion or tendency of 
motion.motion.

nnFriction force acts along the Friction force acts along the 
tangent to the contact tangent to the contact 
between two surfaces. between two surfaces. 

nnThe roughness of the contact The roughness of the contact 
is characterized by the is characterized by the 
“friction factor”, “friction factor”, µµ. . 



Friction (2)Friction (2)

nn Magnitude of friction force when the body is Magnitude of friction force when the body is 

not in motion (static): not in motion (static): 

nn The equality holds for impending (about to The equality holds for impending (about to 

occur) motion. At this condition, friction force occur) motion. At this condition, friction force 

NF sstat µ≤

occur) motion. At this condition, friction force occur) motion. At this condition, friction force 

is maximum: is maximum: 

nn Magnitude of friction force when the body is Magnitude of friction force when the body is 

in motion (kinetic):in motion (kinetic):

NF sµ=max

NF kkin µ=



Friction (3)Friction (3)

When When P=0, P=0, friction friction FF is also zero. As is also zero. As P P increases, increases, F F 

increases to establish equilibrium (increases to establish equilibrium (F=P). F=P). The maximum The maximum 

value of value of FF is is µµ
ss
NN, where , where µµ

ss
is the coefficient of friction. is the coefficient of friction. 

At At P=P=µµ
ss
N, N, motion of the body is impending.motion of the body is impending.



Friction (4)Friction (4)

A A 100N 100N body is on body is on 

a rough floor. Force a rough floor. Force 

PP is applied on the is applied on the 

body. The friction body. The friction 

coefficient at the coefficient at the coefficient at the coefficient at the 

contact contact 

55.0

6.0

=

=

k

s

µ

µ



PinPin--RollerRoller--ClampClamp
A body can be supported in 3 different ways A body can be supported in 3 different ways –– clamp, pin, roller.clamp, pin, roller.

The support reactions from these 3 elements are shown in Figure The support reactions from these 3 elements are shown in Figure 

below.below.
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CablesCables
Cables are considered as weightless components in a structure. Cables are Cables are considered as weightless components in a structure. Cables are 
flexible, i.e., its resistance to bending is negligible. The tension flexible, i.e., its resistance to bending is negligible. The tension TT in the cable in the cable 
remains constant along the length of the cable.remains constant along the length of the cable.

In the loaded cable, there are 4 unknowns: tension In the loaded cable, there are 4 unknowns: tension TT, , and the angles and the angles θ1, θ2, θ1, θ2, 
θ3.θ3.

These can be determined by enforcing the equilibrium of points These can be determined by enforcing the equilibrium of points BB and and C.C.These can be determined by enforcing the equilibrium of points These can be determined by enforcing the equilibrium of points BB and and C.C.
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FreeFree--BodyBody--Diagram (1)Diagram (1)

nnFreeFree--bodybody--diagram (FBD) is a pictorial description of a problem in diagram (FBD) is a pictorial description of a problem in 
mechanics. mechanics. 

nnOne can draw an FBD for a body, or a slice of a body, or a part of a structure One can draw an FBD for a body, or a slice of a body, or a part of a structure 
consisting of several bodies.consisting of several bodies.

nnThe body is free because it is isolated from its surroundings by removing it The body is free because it is isolated from its surroundings by removing it 
from its supports, by cutting all the cables, and by separating it from other from its supports, by cutting all the cables, and by separating it from other 

Contents

from its supports, by cutting all the cables, and by separating it from other from its supports, by cutting all the cables, and by separating it from other 
bodies of contact. bodies of contact. 

nnThe forces on the body from its surroundings are drawn in the diagram by The forces on the body from its surroundings are drawn in the diagram by 
utilizing Newton’s 3utilizing Newton’s 3rdrd Law.Law.

nnOnce this diagram is drawn, Newton’s 2Once this diagram is drawn, Newton’s 2ndnd Law is written for each freeLaw is written for each free--body.body.

nnFor a system of bodies, one obtains a system of equations that are solved to For a system of bodies, one obtains a system of equations that are solved to 
obtain the net loading on each freeobtain the net loading on each free--body. body. 



FreeFree--BodyBody--Diagram (2)Diagram (2)

Steps in drawing an FBD:Steps in drawing an FBD:

1.1. SetSet--up a coordinate systemup a coordinate system

2.2. Isolate the body of interest Isolate the body of interest 

Contents

3.3. Draw the loading that includes:  weight of body, applied Draw the loading that includes:  weight of body, applied 
forces and moments.forces and moments.

4.4. Draw forces from supports that include: forces from pins, Draw forces from supports that include: forces from pins, 
rollers, clamps, and cables.rollers, clamps, and cables.

5.5. Draw the forces from other bodies that are in contact with Draw the forces from other bodies that are in contact with 
the freethe free--body. These contact forces obey Newton’s 3rd Law.body. These contact forces obey Newton’s 3rd Law.



FBD ExampleFBD Example--1 1 
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Truss AnalysisTruss Analysis
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TrussTruss

A structure consisting of 5 A structure consisting of 5 
members, that are pinned at members, that are pinned at 
their ends, is supported by a their ends, is supported by a 
pin at pin at AA and a roller at and a roller at C.C.

All the members in this All the members in this 

Contents

All the members in this All the members in this 
structure are 2structure are 2--force and the force and the 
structure is called a truss.structure is called a truss.

In the FBD of the entire In the FBD of the entire 
structure we included only the structure we included only the 
forces arising from the forces arising from the 
supports   supports   



Method of JointsMethod of Joints
The FBDs of each member and each pin in the truss is shown.The FBDs of each member and each pin in the truss is shown.

The forces in the members are obtained from the equilibrium of The forces in the members are obtained from the equilibrium of 
the pins that have concurrent loading.the pins that have concurrent loading.
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Method of Sections (1)Method of Sections (1)
(a cut across 3 members)(a cut across 3 members)
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Method of Sections (2)Method of Sections (2)
(a cut across 4 members)(a cut across 4 members)
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FBD ExampleFBD Example--11

AA--FrameFrame
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FBD ExampleFBD Example--1 (contd.)1 (contd.)
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FBD ExampleFBD Example--22

AA--Frame with loaded pin CFrame with loaded pin C

Contents



FBD ExampleFBD Example--2 (contd.)2 (contd.)
(note the load on Pin C)(note the load on Pin C)
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BeamsBeams

Beams are usually straight members that are loaded along a direction Beams are usually straight members that are loaded along a direction 
perpendicular to its length.perpendicular to its length.

We will consider two types of beams: clamped and simply supported.We will consider two types of beams: clamped and simply supported.

Loadings on a beam are: point forces, distributed forces, and couples.Loadings on a beam are: point forces, distributed forces, and couples.
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Loadings on a beam are: point forces, distributed forces, and couples.Loadings on a beam are: point forces, distributed forces, and couples.



Shear and MomentShear and Moment

To calculate the internal forces To calculate the internal forces 

in the beam at section in the beam at section C, C, one one 

needs to cut the beam at needs to cut the beam at C. C. The The 

cut exposes the shear force cut exposes the shear force VV

and bending moment and bending moment MM

Contents

and bending moment and bending moment MM

at the cut.at the cut.

Sign convention for Sign convention for V,MV,M::

nnWhen the cut is on the right hand side, of a piece of the When the cut is on the right hand side, of a piece of the 
beam, V is downward and M is counterbeam, V is downward and M is counter--clockwise.clockwise.

nnWhen the cut is on the left hand side, of a piece of the When the cut is on the left hand side, of a piece of the 
beam, V is upward and M is clockwise.beam, V is upward and M is clockwise.



Shear and Shear and MomentMoment DiagramsDiagrams

Shear DiagramShear Diagram

1.1. V=0 V=0 at the two ends of the beam.at the two ends of the beam.

2.2. Upward point loads give an upward Upward point loads give an upward 
jump to jump to VV..

3.3. Point moments have no effect on Point moments have no effect on VV..

4.4. Slope of Slope of VV is equal to the value of is equal to the value of 

Moment DiagramMoment Diagram

1.1. At the two ends of the beam At the two ends of the beam M=0M=0..

2.2. Clockwise point moments give an Clockwise point moments give an 
upward jump to upward jump to MM..

3.3. Point loads have no effect on Point loads have no effect on MM..

4.4. Slope of Slope of MM is equal to the value of is equal to the value of V V 
at a point.at a point.
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4.4. Slope of Slope of VV is equal to the value of is equal to the value of 
the distributed load (the distributed load (w) w) at a point.at a point.

5.5. Constant Constant ww gives linear gives linear VV; linear ; linear ww
gives quadratic gives quadratic VV; etc.; etc.

6.6. Change in Change in V V between two stations between two stations 
x1x1 and and x2 x2 isis

at a point.at a point.

5.5. ConstantConstant VV gives linear gives linear MM; linear ; linear VV
gives quadratic gives quadratic MM; etc.; etc.

6.6. M M has max and min where has max and min where V V is is 
zero.zero.

7.7. Change in Change in M M between two stations between two stations 
x1x1 and and x2 x2 isis
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Plane Rotation, Moment of InertiaPlane Rotation, Moment of Inertia

Consider a plane rotational motion Consider a plane rotational motion 
of a rigid slab, with center of mass at of a rigid slab, with center of mass at 
GG, under the influence of several , under the influence of several 
forces. The equation of motion isforces. The equation of motion is

MMGG and and LLGG are moment and angularare moment and angular

dt

Ld
M G

G

r
r

=

MMGG and and LLGG are moment and angularare moment and angular

Momentum computed at Momentum computed at GG, and , and ωω
is the angular velocity.is the angular velocity.

IIGG
(m)(m) is the mass moment of inertia is the mass moment of inertia 

of the body.of the body.

kIkdmrdmrkr
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G
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ˆˆ][)]ˆ([
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)(2 ωωω =∫=××∫=

∫ ×=
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Area Moment of InertiaArea Moment of Inertia--2D2D

For a slab of uniform densityFor a slab of uniform density

The area moments of inertia The area moments of inertia 

are defined asare defined as

∫ ∫ +=+== )()( 222)(

xxyy

m

G
IIdAyxdmrI ρρ

∫=∫= dxdyydAyI
22

The product of inertia is defined asThe product of inertia is defined as

∫=∫= dxdyydAyI
xx

22

∫=∫= dxdyxdAxI
yy

22

∫=∫= xydxdyxydAI
xy
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