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Cylindrical Coordinate Surfaces

The three orthogonal components,
R, 6, and zand increasing at a
constant rate.

Green: Increasing A.
Blue: Increasing Z.
Red: Increasing &

O<R <Lw
Position vector, I = RéR +Z€, D<=0<27
O o



_—eamplet: R =D W

R=R=0 6f=w, 60=0 7Z=c, 7=0

- O -
Vv :E:R e, +ROe, +7¢e, Velocity vector
V =bwe, +Ce,
oy = T - S :
ad=— :(R —RHZ)eR +(R6’+2R6’)e6 +7'6, ¢t
dt vector
. v -
d=—=-ho’é,



/Vél()city & Accele

—~

In spherical coordinate systems the unit vectors are not constant.
Their direction changes when the position of the point P changes

ér : parallel to r

e@ : perpendicular to r in the r-zplan

/A

egp perpendicular to the r-zplane

6, x€, =6
8, x6, =€,
g, %€, =6,

e

r = 00<0=<7 O=0o<Zn




[llustration of spherical coordinates

The red sphere shows the points with
r=2,

the blue cone shows the points with
Inclination (or elevation) 6= 45°,

the yellow half-plane shows the

points with azimuth ¢ = —60°.
The zenith direction is vertical, and the zero-
azimuth axis is highlighted in green.

The spherical coordinates (2,45°,—60°)
determine the point of space where
those three surfaces intersect, shown as
a black sphere




l 'y =rsindsing "~
| Z =rcosd ~

(r:\/xz+y2+zz

9=arctan(\/x2+y2 /z)
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k¢=aI'Ctan(y /X)

F=xi +y] +zk =rsin@cosg i +rsin@sing j+rcosd k



=1 sind cose + j sind sing +k cosd

Z A
€, =1 c0sfcosp + j cos@sing "N
—k siné@
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/f:re V=—=IE +r—

- dt r dt

/A

6 =i sinf cose + j sinf sing +k cos@

dé, _dé, d0 dé do &

il dod o f*

=0(i cosOcosyp + j cosOsin g —k sin O)

+@sinO(—i sing + j CoSp) =66, +sin 68

V' =€, +16,+rpsines,
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Ca rteSIa n Coord ! nates ............................

V =X1 +y’j + 7k

a=Xi+Vyj+7k

Cylindrical Coordinates
Plr © 7]
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V=—
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Spherical Coordinates ;
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Velocity & Acceleration in Plane Polar Coordinates
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V =ré +réé,
a=(r-ré’)e, +(ré+2ro)e,
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Chapter

Newtonian Mechanics
Rectilinear Motion of a Particle

Rectilinear motion: position, velocity, and acceleration of a particle
as It moves along a straight line.

Curvilinear motion: position, velocity, and acceleration of a particle
as It moves along a curved line in two or three dimensions.

Newton’s Laws of Motion




/ Newton’s Flrst Law. (Law 0O Inerﬁa‘)/f

1. Newton’s first law tells us:
Consider a body on which no net force acts.
1) If the body is at rest, it will remain at rest ;

2) If the body is moving with constant velocity, it will
continue to do so, no force is needed to keep it
moving.

Inertia - The tendency of a body to maintain its state of
rest or constant velocity.

Newton's first law is often called the law of inertia.



Inertial reference frames:

An inertial reference frame is one in which Newton's first law is
valid.

This excludes rotating and accelerating frames.

All accelerating reference frames are noninertial.

If no forces act, there i1s no acceleration

An IRF is a reference frame that is not accelerating
(or rotating) with respect to the “fixed stars”.
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; Is Urbana a good IRF?

Is Urbana accelerating?

Urbana is on the Earth:
The Earth Is rotating.

What Is the centripetal acceleration of Urbana?

2 2
. (2_”) R 2, = 0.034 m/s2 ( ~ 1/300 g)
R T Close enough to Othat we will
ignore It.

I'=1day=864x10" sec, Urbanais a pretty good IRF.
R~R-=64x10° meters



/mwton’s Second Law

Newton’s Second Law is about how force, mass, and
acceleration are related.

The net force of an object is equal to the product of its
mass and acceleration, or

Mass is the measure of inertia of an object.

Mass is a property of an object.
YHYS‘\?S h




The Third Law addresses action — reaction pairs §

3" Law — For every action there is an equal and opposite reaction.

For every action there is an equal and opposite
reaction.

Note: the action and reaction forces always act on different bodies.
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e Dynamical analysis using Newton’s laws

In analyzing problems using Newton's law, ’rhere are
several steps that we should follow:

choose a suitable /nertial reference frame.

For each object in the problem, draw a "free body
diagram”, showing all of the forces acting on that body.

For each body, find the vector sum of all the
forces. In practice, this usually means separately adding
the x, y, zcomponents of the forces. Then use Egs to
find acceleration components




e Linear Momentum

The linear momentum p of an object of mass m with a velocity of v is

p=mv

The Second Law can be writen as 3—? =F

Force equals to the variation rate of momentum
Alternate Statement of the Second Law

d(m,v,) dmyv,)
dt dt
g =
E(pA +Pg)=0 (P, +p,)=constant

The momentum of a system keep invariant when there is no external force
on it or the total external force is zero
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niform Acceleration Under a Constant Force
F (x,X,t)=mx

dv F
— — —=const.=a

d m

1
e -~ = t2 vt +X,




Block on a smooth incline plane
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