Lecture 5. NEWTON’S LAWS OF MOTION

Newton’s Laws of Motion

Law 1. Unless a force 1s applied to a particle 1t will either
remain at rest or continue to move in a straight line at
constant velocity,

Law 2. The acceleration of a particle 1n an inertial reference
frame 1s proportional to the force acting on the particle, and

Law 3. For every action (force), there is an equal and
opposite reaction (force).

Newton’s second Law of Motion i1s a Second-Order Differential
Equation

Xf = m¥

where Xf 1s the resultant force acting on the particle, # 1s the

particle’s acceleration with respect to an inertial coordinate
system, and m 1is the particle’s mass.
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Figure 3.1 A car located in the X, Y (inertial) system by IX and
a particle located in the x, y system by ix.

A particle in the car can be located by

:X+
Xp X

The equation of motion,
Xfy=mx, =m(X+%),

1s correct. However,
XfyEmX

because the x, y system 1s not inertial.
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Y,Z Inertial coordinate system

3-D Version of Newton’s 2™ Law of Motion

. d.X°
=ma.,=mX=m— (—

. 4.7
=may,=mY =m—(—
Jy=may dY( 2)

. d Z°
=ma.=m/l =m—(—) .

Using the Energy-integral substitution

p_dX _dXdX _ ydX_d (Xz).
dt dX dt dX dx
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Multiplying the equations by dX, dY, dZ , respectively, and
adding gives

[ dX +£,dY +f,dZ = % d[(X*)+(T*) +(Z7)]

2
dWork =d( ’"2" )=dT .

This “work-energy” equation is an integrated form of Newton’s
second law of motion Xf=m#. The expressions are fully

equivalent and are not independent.

The central task of dynamics is deriving equations of motion for
particles and rigid bodies using either Newton's second law of
motion or the work-energy equation.
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Constant Acceleration: Free-Fall of a Particle Without Drag

N m : - . .

W = g :

W = mg | Y

1

Figure 3.3 Particle acted on by its weight and located by Y (left)
and Y’/ (right)

Equation of Motion using Y

EfY=—w=—mg=mY=>Y=—g.

Let us consider rewriting Newton’s law in terms of the new
coordinate Y/. Note that Y/+Y=a = ¥'+Y=0 = ¥'+¥-=0.
From the free-body diagram, the equation of motion using Y is

ZfY/=w=mg=mY/=>Y/=g.

This equation conveys the same physical message as the
differential equation for Y ; namely, the particle has a constant
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acceleration downwards of g, the acceleration of gravity.

Time Solution for the D. Eq. of motion for ¥,

d*Y
dt?

:—g.

Integrating once with respect to time gives

— =Y =Y, -gt,
P (¥) o &

where Yo =Y(0) is the initial (time #=0) velocity. Integrating a

second time w.r.t. time gives

, 2
Y(t)=YO+YOt—%,

where Y, =Y(0) is the initial (time #=0) position. Y, and YO

are the ““initial conditions.”

The solution can also be developed more formally via the
following steps:

a. Solve the homogeneous equation Y’ , =0 (obtained by setting

the right-hand side to zero) with the solution as
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Y, =A+Bt .

b. Determine a particular solution to the original equation
d?Y/dt? = - gthat satisfies the right-hand side. By inspection,
the right-hand side 1s satisfied by the particular solution

Y,= =Ct* = Y =2Ct = Y =2 C. Substituting this result nets
Yp=2C=—g = C=-g/2,and

The complete solution is the sum of the particular and
homogeneous solution as

t2
Y=Yh+Yp=A+Bt—gT.

The constants 4 and B are solved in terms of the initial
conditions starting with

Y(0)=Y,=4 = A=Y, .

Continuing, Y =B - gt netting
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Y(0)=Y,=B = B=Y,,

and the complete solution — satisfying the initial conditions —
1S

. 2
Y(t)=YO+YOt—%,

which duplicates our original results.

Engineering Analysis Task: If the particle is released from rest
(Y(0)=0) at Y(0)=H, how fast will it be going when it hits the
ground (Y=0)?

Solution a. When the particle hits the ground at time t_,
Y(t_) =Y0 —gt_ = - gt_

_ l‘_2
Y(¢) = H - gT:o.

Solving for t_,

~
[l
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Solving for Y( t_) ,

o 2H T
Y(t):_g ?:_ng.

Solution b. Using the energy-integral substitution,

5_dY _dY dy _ ,dY _ d Y’
dt dY dt dy dy\ 2]’

changes the differential equation mY=-w to

d (Yz) -
m =-w =-mg.
dy | 2

Multiplying through by dY and integrating gives

) -2
mY mYO Y
—~ = - m dv =me(H-Y) .
: ; ng y g( )

Since Y0=O, Y(Y=0)is

Y(Y=0) = \2gH

Solution c. There 1s no energy dissipation; hence, we can work
directly from the conservation of mechanical energy equation,
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T+V=T,+V,,

where T=mY"/2 is the kinetic energy. The potential energy of

the particle 1s its weight w times the vertical distance above a
horizontal datum. Choosing ground as datum gives V'=wY and

<2
m% cwY=0+wH = ¥(Y=0)=\2gH

The weight 1s a conservative force, and 1n the differential
equation 1s -w, pointing in the -Y direction. Strictly speaking,
a conservative force is defined as a force that 1s the negative of
its gradient with respect to a potential function V. For this
simple example, with V=wY
_dV __dwY)
dY dY

= —WwW.

Hence (as noted above) the potential energy function for gravity
1s the weight times the distance above a datum plane; 1.e.,

Vg=wY.
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Acceleration as a Function of Displacement: Spring Forces

c
E
"

{cir)

Js

m

(c)

Figure 3.5 (a) Particle being held prior to release, (b) Y
coordinate defining m’s position below the release point, ( ¢)
Spring reaction force f = -kY

Particle suspended by a spring and acted on by its weight. The
spring 1s undeflected at Y=0;1.e., Y=0 = f =0 (zero spring

force). The spring force f = —kY has a sign that is the opposite

from the displacement Y, and it acts to restore the particle to the
position Y =0.
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Figure 3.5 (d) Free-body
diagram for Y>0, (e) Free-body
diagram for Y<O0

From the free-body diagram of figure 3.5d, Newton’s second law
of motion gives the differential equation of motion,

Sf,=mY=w-kY—> mY+kY=w. (3.13)

Figure 3.5d-e shows that f =-kY for Y>0and Y<O0
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Deriving the Equation of Motion for Motion about Equilibrium

) (B) (c)

[ ed
; | kY

> s k(Y+y)

1

m

]

Figure 3.5 (a) Mass m in
equilibrium, (b) Equilibrium free-
body diagram, (c) General-position
free-body diagram

Figure 3.5c applies for m displaced the distance y below the
equilibrium point. The additional spring displacement generates

the spring reaction force f =k(Y +y), and yields the following

equation of motion.
my=Y fy=w-k(Y+y)=w-kY-ky=-ky

~my+ky=0.

(3.14)
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This result holds for a linear spring and shows that w is
eliminated, leaving only the perturbed spring force ky.

f=kY
MORE i
EQUILIBRIUM, =]
1 MASS - 2 e T
SPRINGS i i '

% m
k, lw

k(Y+y)
(a) (b)
p f
T Sty l £ ky
- y T m yv l
I P U
w
o T
fi by S+ hy
(©) (d)

Figure 3.6 (a) Equilibrium, (b)
Equilibrium with spring 1 in tension and
spring 2 in compression, (¢) Equilibrium
with both springs in tension, (d)
Equilibrium with both springs in
compression
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Spring 1 in tension, spring 2 in compression
Figure 3.6b, equilibrium starting from undeflected springs:
w=f+fH=(k+k)y

mJ.’.:ny:W_lﬂ(;"'y) _kz(;"'y) :W_(k1 +k2)37+(k1 +k2)y
=( _(kl +k2)y
o my+(k;+ky)y=0 .

Figure 3.6¢, Equilibrium with both springs in tension, w =f, -1,

my=)_ f,=w-(fi +k,y)+(f-ky) =(w A +£,) - (k +ky)y
=0-(k; +k,)y

.« my+(k, +k,)y=0 .

Figure 3.6¢, Equilibrium with both springs in
compression,w =f, - f,

my=Y_ f,=w+(f; =k y) - vk, ») =(w £, = ;) + (k; +ky)y
=0 - (k, +k,)y
« my+(k +hky)y=0 .

CONCLUDE: For linear springs, the weight drops out of the
equation of motion.

Natural Frequency Definition and calculation
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Dividing mY +kY =w by m gives
Y + a)i Y =g,

where

and o, 1s the undamped natural frequency.

Students frequently have trouble in getting the dimensions
correct in calculating the undamped natural frequency.

Starting with the ft-Ib-sec system, & has the units Ib/ft. The mass
has the derived units of slugs. From

_ 2
W:mg = m(slugs)=w(lbs)/g(ﬂ/secz)= lud (lb 5¢C )9

g ft

The dimensions for @, are

k(%

ﬁ)

| m(lb-sec®) _ ‘ k rad _ ‘ k 1

® = =.|— — =,|— sec,
\ ft m Sec m
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Starting with the SI system using m-kg-sec, the units for £ are
N/m. We can use w=mg to convert Newtons into kg-m/sec’.

Alternatively, the units for kg from m =w/g are N-sec*/m, and

N
meter

| m(N-se¢?) _ |k
®, = =,| — sec™",
\ meter m

Note that the correct units for w are rad/sec not cycles/sec. The

k(

undamped natural frequency can be given in terms of cycles/sec
as

0] ®
feo rad  lcycle _ ®n cycles _ @y Hertz
sec 2mrad 2m sec 27

Time Solution From Initial Conditions.
The homogeneous differential equation corresponding to

Y+coiY=g 18

Yh+inh=O.
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Substituting the guessed Y, =4 cospt yields

(-p2+0.)Acospt=0 = p=o_

Guessing Y, =4 sinpt yields the same result; hence, the general

solution 1s solution
Y, =4 cos ot + Bsino,tl.

The particular solution is

_ g _
y,= £ -

w
o k

Note that this 1s also the static solution; 1.e.,
mY+kY=w =Y

<tatic =w/k. The complete solution is

—_— J— < W
Y—Yh+Yp—Acosoant+Bsmoant+—.

For the initial conditions Y(0)=0,Y(0) = Y, =0, the constant 4

s obtained as

Y(O)=Y0=O=A+%=>A=—;.
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From

Y = - Ao, smw, ¢t + Bo,cos o, 1,

one obtains

Y0) =Y,=0=Bo, - B =0,

and the complete solution is

Y = % (1-cos o, 1) . (3.17)

For arbitrary initial conditions (Y, YO) , the solution 1s

0 . w
Y(t)=Y,cosm, t+— sma)nt+;(1 - COosS®, 1)

n

Note that the maximum displacement defined by Eq.(3.17)
occurs for @ f=m = cosw_ f=-1, and is defined by

sStatic °

Y =*1rn-c-ny=2X%=2xy
max k[ ( )] k

Sometimes, engineers use 2 as a design factor of safety to
account for dynamic loading verus static loading.

78



T, = 21/W,
1.50E-04 |< >|

1.00E-04 _
Y (m)

5.00E-05 _|

0.00E+00 | | I |

0 0.01 0.02 0.03 0.04 0.05
t (sec)

Figure 3.6 Solution Y(¢) from Eq.(3.17) with m=40kg,
k=5.685x10°N/m, yielding @, =377.rad/sec=f,=60Hz and
T, =21/®,=.01667sec.

The period for undamped motion is

T, = 2n (sec)
(Dn
Note that
®
A -1 =—"(sec™!)
T, 2T
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Energy-Integral Substitution

Substituting,

dt dY dt dY dY

y_dY _dydy _,dY d(Y

into the differential equation of motion gives

.2
md Y =w - kY.
dY \ 2

Multiplying through by dY and integrating gives

2 mY, 2 kY,
mY 0 —w (Y - ) - kY= Kl
2 2 2 2

Rearranging gives,
72 2 mY. kY;
m Y —wY+kY L -w Y, + °
2 2 2 2

b

which 1s the physical statement
T+V=T,+V,,

where
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Y2
V=V +V ,V =-wY, V. =k— .
g N g s 2

The gravity potential-energy function 1s negative because the
coordinate Y defines the body’s distance below the datum.

The potential energy of a linear spring is V, =k8°/2 where &

1S the change in length of the spring from its undeflected
position. Note

v, d Y2
=-S5 9 (k=)=-kY .
ey T )

Hence, the spring force 1s the negative derivative of the
potential-energy function.

Units

With the notable exception of the United States of America,
all engineers use the SI system of units involving the meter,
newton, and kilogram, respectively, for length, force, and mass.
The metric system, which preceded the SI system, was legalized
for commerce by an act of the United States Congress in 1866.
The act of 1866 reads in part’,

' Mechtly E.A. (1969), The International System
of Units, NASA SP-7012
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It shall be lawful throughout the United States of America to
employ the weights and measures of the metric system; and
no contract or dealing or pleading in any court, shall be
deemed invalid or liable to objection because the weights or
measures referred to therein are weights or measures of the
metric system.

None the less, in the 21* century, USA engineers, manufacturers,
and the general public continue to use the foot and pound as
standard units for length and force. Both the SI and US systems
use the second as a unit of tim. The US Customary system of
units began in England, and continues to be referred to in the
United States as the “English System” of units. However, Great
Britain adopted and has used the SI system for many years.

Both the USA and SI systems use the same standard symbols
for exponents of 10 base units. A partial list of these symbols is
provided in Table 1.1 below. Only the “m =-3” (mm =
millimeter = 10”°m) and “k = +3” ( km = kilometer = 10° m)
exponent symbols are used to any great extent in this book.
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Table 1.1 Standard Symbols for exponents of 10.

Factor by which Prefix Symbol
unit is multiplied

10° mega M

10° kilo k

10? hecto h

10 deka da

10 deci d

107 centi C

10 7 milli m

107 micro n

Newton’s second law of motion Xf=mF ties the units of

time, length, mass, and force together. In a vacuum, the vertical
motion of a mass m is defined by

w=m17=mg , (1.3)

where Y 1s pointed directly downwards, w 1s the weight force due
to gravity, and g is the acceleration of gravity. At sea level, the
standard acceleration of gravity” is

2
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2=9.81m/sec? =9810.mm/sec’
(1.4)
=32.2ft/sec’> =386.in/sec* .

We start our discussion of the connection between force and
mass with the SI system, since it tends to be more rational (not
based on the length of a man’s foot or stride). The kilogram
(mass) and meter (length) are fundamental units in the SI system,
and the Newton (force) 1s a derived unit. The formal definition of
a Newton 1s ,’that force which gives to a mass of 1 kilogram an
acceleration of 1 meter per second per second.” From Newton’s
second law as expressed in Eq.(1.3), 9.81 newtons would be
required to accelerate 1 kilogram at the constant acceleration rate

of 2=9.81m/sec?, i.e.,
9.81N=1kgx9.81 m/sec*=9.81 kg m/sec?

Hence, the newton has derived dimensions of kg m /sec?.

From Eq.(1.3), changing the length unit to the millimeter
(mm) while retaining the kg as the mass unit gives

mg =m(kg)* 9810mm/sec? , which would imply a thousand
fold increase in the weight force; however, 1 newton is still

From the universal law of gravitation provided by Eq.(1.1), the
acceleration of gravity varies with altitude; however, the
standard value for g in Eq.(1.4) is used for most engineering
analysis.

84



required to accelerate 1 kg at g=9.81m/sec® =9810mm/sec?,
and

m(kg)x 9810mm/sec’* =w(10>N) =w(mN) .

Hence, for a kg-mm-second system of units, the derived force
unit is
10~ newton = 1 mN (1 milli newton).

Another view of units and dimensions 1s provided by the
undamped-natural-frequency definition o, =/ K/M of a mass M

supported by a linear spring with spring coefficient K .
Perturbing the mass from its equilibrium position causes
harmonic motion at the frequency ®,_, and ®,’s dimension is

radians/second, or sec” (since the radian is dimensionless) .
Using kg-meter-second system for length, mass, and time, the

: : 2
dimensions for , follow from

2_K(N/m) _p kgm 1, 1 K )
P MUy s ) Mk M) ()

confirming the expected dimensions.

Shifting to mm for the length unit while continuing to use
the newton as the force unit would change the dimensions of the
stiffness coefficient K to N/mm and reduce K by a factor of

1000. Specifically, the force required to deflect the spring 1 mm
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should be smaller by a factor of 1000 than the force required to
displace the same spring

1 m = 1000 mm. However, substituting K with dimensions of
N/mm 1nto Eq.(1.5), while retaining M in kg would cause an

decrease in the undamped natural frequency by a factor of

v/ 1000. Obviously, changing the units should not change the

undamped natural frequency; hence, this proposed dimensional
set is wrong. The correct answer follows from using mN as the
derived unit for force. This choice gives the dimensions of mN
/mm for K, and leaves both K and o unchanged. To confirm that

K 1s unchanged (numerically) by this choice of units, suppose
K=1000N/m=1N/mm =1000mN/mm. The reaction force

produced by the deflection &=1mm=10"3m is

£=K5=1000x103m=1N

m

1N S imm=1N
mm

1000 % 1 mm =10 mN=1N |

mm

confirming that mN 1s the appropriate derived force unit for a kg-
mm-sec unit system.

Table 1.2 SI base and derived units
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Base mass |Base time |Base length | Derived Derived
unit unit unit force unit | force unit

dimensions
kilogram |second meter (m) |Newton kg m / sec’
(kg) (sec) (N)
kilogram |second millimeter |milli kg mm /
(kg) (sec) (mm) Newton sec’

(mN)

Shifting to the US Customary unit system, the unit of pounds for
force 1s the base unit, and the mass dimensions are to be derived.
Applying Eq.(1.3) to this situation gives

w(lb) _ w Ibsec?

w=mg = m=
32.2ft/sec> 322 ft

The derived mass unit has dimensions of /bsec®/ft and is called
a “slug.” When acted on by a resultant force of 1 1b, a mass of
one slug will accelerate at 1f#/sec®. Alternatively, under

standard conditions, a mass of one slug weighs 32.2 Ibs.
If the inch-pound-second unit system is used for
displacement, force, and time, respectively, Eq.(1.3) gives

w(lb) _ w Ibsec’
386. in/sec> 386. in

w=mg = m=

b
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and the mass has derived dimensions of [bsec?/in. Within the
author’s 1960's acrospace employer, a mass weighing one pound
with the derived units of /bsec?/in was called a “snail”. To the

author’s knowledge, there 1s no commonly accepted name for
this mass, so snail will be used in this discussion. When acted
upon by a resultant 1 Ib force, a mass of 1 snail will accelerate at
386. in /sec’, and under standard conditions, a snail weighs 386.
1bs.

Returning to the undamped natural frequency discussion,
from Eq.(1.5) for a pound-ft-sec system,

(Di: K(lb/ﬁ)z :jl\j(seci) .
M Ib sec )
ft

Switching to the inch-pound-second unit system gives
W2 = K(lb/in) _ K (sec?) |

" Ib secz) M

M(—
in
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Table 1.3 US Customary base and derived units

Base force |Base time |Base length | Derived Derived
unit unit unit mass unit | mass unit
dimensions
pound (Ib) |second foot (ft) slug Ib sec?/ ft
(sec)
pound (Ib) |second inch (in) snail Ib sec’/ in
(sec)

Many American students and engineers use the pound mass
(Ibm) unit in thermodynamics, fluid mechanics, and heat
transfer. A one pound mass weighs one pound under standard
conditions. However, the Ibm unit makes no sense in dynamics.

Inserting m =1/bm into w=mg with g =32.2ft/sec’*would

require a new force unit equal to 32.2 lbs, called the Poundal.
Stated briefly, unless you are prepared to use the poundal force
unit, the pound-mass unit should never be used in dynamics.

From one viewpoint, the US system makes more sense than
the SI system in that a US-system scale states your weight (the
force of gravity) in pounds, a force unit. A scale in SI units
reports your weight in kilos (kilograms), the SI mass unit, rather
than in Newtons, the SI force unit. Useful (and exact)
conversion factors between the SI and USA systems are: 1 Ibm =
4535923 7* kg, 1 in=.0254* m, 1 ft =.3048* m, 1 Ib =4.448
221 615260 5* N. The * in these definitions denotes
internationally-agreed-upon exact conversion factors.
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Conversions between SI and US Customary unit systems
should be checked carefully. An article in the 4 October 1999
issue of Aviation Week and Space Technology states,” Engineers
have discovered that use of English instead of metric units in a
navigation software table contributed to, if not caused, the loss of
Mars Climate Orbiter during orbit injection on Sept. 23.” This
press report covers a highly visible and public failure; however,
less spectacular mistakes are regularly made in unit conversions.

90




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /Albertus-Bold
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMedium-Italic
    /Algerian
    /AllegroBT-Regular
    /AntiqueOlive
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /BakerSignetBT-Roman
    /BalloonBT-Bold
    /BalloonBT-ExtraBold
    /BalloonBT-Light
    /BangLetPlain
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /BardPlain
    /BaskOldFace
    /Batang
    /BauerBodoniBT-Black
    /BauerBodoniBT-BlackCondensed
    /BauerBodoniBT-BlackItalic
    /BauerBodoniBT-Bold
    /BauerBodoniBT-BoldCondensed
    /BauerBodoniBT-BoldItalic
    /BauerBodoniBT-Italic
    /BauerBodoniBT-Roman
    /BauerBodoniBT-Titling
    /Bauhaus93
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /BedrockPlain
    /BeehivePSMT
    /BellCentennialBT-Address
    /BellCentennialBT-BoldListing
    /BellCentennialBT-NameAndNumber
    /BellCentennialBT-SubCaption
    /BellGothicBT-Black
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BergellLetPlain
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BertramLetPlain
    /BibleScrT
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BinnerD
    /BirchStd
    /Blackletter686BT-Regular
    /BlacklightD
    /BlackoakStd
    /BlippoBT-Black
    /BodoniBT-Bold
    /BodoniBT-BoldCondensed
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /BodoniMTPosterCompressed
    /BoinkLetPlain
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BremenBT-Black
    /BremenBT-Bold
    /BriskPlain
    /BritannicBold
    /Broadway
    /BroadwayBT-Regular
    /BroadwayEngravedBT-Regular
    /BrochurePlain
    /BrodyD
    /BronxLetPlain
    /BruceOldStyleBT-Italic
    /BruceOldStyleBT-Roman
    /Brush445BT-Regular
    /Brush455BT-Regular
    /Brush738BT-RegularA
    /BrushScriptBT-Regular
    /BrushScriptMT
    /BrushScriptStd
    /BulmerBT-Italic
    /BulmerBT-Roman
    /BusinessIndustrial
    /BusoramaITCbyBT-Medium
    /BusterD
    /BuxomD
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /Clarendon-Bold
    /Clarendon-Book
    /Clarendon-Condensed-Bold
    /ClarendonExtended-Bold
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothicBT-Bold
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /Coronet
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /EccentricStd
    /English111VivaceBT-Regular
    /EstrangeloEdessa
    /FootlightMTLight
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrysBaskervilleBT-Roman
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GreekC
    /GreekS
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /Mangal-Regular
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MaturaMTScriptCapitals
    /MesquiteStd
    /MicrosoftSansSerif
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MT-Extra
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Parchment-Regular
    /Playbill
    /PoorRichard-Regular
    /PoplarStd
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /PrestigeEliteStd-Bd
    /Raavi
    /Ravie
    /RosewoodStd-Regular
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Staccato222BT-Regular
    /Stencil
    /StencilStd
    /SWGamekeysMT
    /Swiss911BT-ExtraCompressed
    /SWMacro
    /Sylfaen
    /Symap
    /Symath
    /Symbol
    /SymbolMT
    /SymbolProportionalBT-Regular
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothicLTStd
    /TradeGothic-Oblique
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TypoUprightBT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


