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The present problem deals with the thermo-elastic interaction of a gold nano-beam resonator
induced by ramp-type heating under the two temperature theory of generalized
thermoelasticity. The governing equations are constructed in the context of two-temperature
three-phase-lag model (2T3P) and two-temperature Lord-Shulman (2TLS) model of
generalized thermoelasticity. Using the Laplace transform, the fundamental equations have
been expressed in the form of a vector-matrix differential equation which is then solved by
Eigen value approach and Mathematica software package has been used as a tool. The
inversion of Laplace transforms are computed numerically using the method of Fourier series
expansion technique. Numerical results for lateral vibration, temperature, displacement, stress,
and the strain energy are presented graphically for Lord-Shulman model and also for three-
phase lag model. A numerical instance of gold nano-beam in femtoseconds scale has been
calculated to present the effect of the ramping time parameter on the entire studied field. The
effect of two-temperature parameter is also discussed on the physical fields.

© 2017 Growing Science Ltd. All rights reserved.

1. Introduction

During the last five decades, non-classical thermoelasticity theories involving hyperbolic type heat
transport equations admitting finite speed of thermal signals have been formulated. According to these
theories, heat propagation is to be viewed as a wave phenomenon rather than a diffusion phenomenon.
Sufficient evidence is available in the literature to show that thermal disturbances do propagate with
finite speeds. Experimental investigations conducted on various solids by Ackerman et al. (1967),
Ackerman and Guyer (1968) have shown that heat pulses do propagate with finite speeds.

In order to overcome the paradox of the infinite speed of a thermal wave inherent in the classical
theory of thermoelasticity (CTE) and classical coupled theory of thermoelasticity (CCTE), efforts were
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made to modify coupled thermoelasticity, on different grounds, to obtain a wave-type heat conduction
equation by different researchers. Lord and Shulman (1967) formulated the generalized
thermoelasticity theory introducing one relaxation time in Fourier’s law of heat conduction and thus
transforming the heat conduction equation into a hyperbolic type. Uniqueness of the solution for this
theory was proved under different conditions by Ignaczak (1979, 1982), Dhaliwal and Sherief (1980).
Green and Lindsay (1972) introduced one more theory, called G-L theory or the temperature-rate-
dependent theory (TRDTE), which involves two relaxation times. In this model, Fourier’s law of heat
conduction is left unchanged, but the classical energy equation and stress-strain temperature relation
are modified. On the experimental side, available evidence in support of the existence of finite thermal
wave speed in solids is rather sparse, although an experimental study for second sound propagation in
dielectric solids and some related experimental observations were reported nearly four decades ago.
More detailed discussions on the subject are available in the books of Ignaczak and Ostoja-starzeweski
(2009). Ghosh and Kanoria (2009, 2010) have analyzed the thermoelastic response in a functionally
graded spherically isotropic hollow sphere. Later, Green-Naghdi (1991) developed three models for
generalized thermoelasticity of homogeneous isotropic material which are labeled as models I, II and
II1. The nature of these theories is such that when the respective theories are linearized, model I reduces
to the classical heat conduction theory (based on Fourier’s law). The linearized versions of models II
and III permit propagation of thermal waves at finite speed. Model II, in particular, exhibits a feature
that is not present in the other established thermoelastic models as it does not sustain dissipation of
thermal energy (Green and Naghdi; 1992, 1993). In this model, the constitutive equations are derived
by starting with the reduced energy equation and by including the thermal displacement gradient among
other constitutive variables. The Green-Naghdi’s third model admits the dissipation of energy. When
Fourier conductivity is dominant, the temperature equation reduces to classical Fourier law of heat
conduction, and when the effect of conductivity is negligible, the equation has undamped thermal wave
solutions without energy dissipation. Applying the above theories of generalized thermoelasticity,
several problems have been solved by Bagri and Eslami (2004, 2007a, 2007b), Kar and Kanoria (2007a,
2007b), Das and Lahiri (2000), Chandrasekharaiah (1996a, 1996b), Ghosh and Kanoria (2008), Islam
etal. (2011), etc.

One of these modern theories, the so-called three-phase-lag model, was proposed by Roychoudhuri
(2007). According to this model,

c}(P,Hrq)=—[KW(P,HTT)+K*%(P,;+TV)], (1)
where Vois the temperature gradient at a point P of the material at time r+7,, gis the heat flux vector

at the point P of the material at time /+¢,, V(v=0)is the thermal displacement gradient, K'is the

additional material constant and K is the thermal conductivity of the material.

To study some practical relevant problems and in heat transfer problems involving very short time
intervals and in the problems of very high heat fluxes, the hyperbolic equation gives significantly
different results than the parabolic equation. According to this phenomenon, the lagging behavior in
the heat conduction in solid should not be ignored particularly when the elapsed times during a transient
process are very small, say about 1077 second or the heat flux is very much high. Three-phase-lag model
is very useful in the problems of nuclear boiling, exothermic catalytic reactions, phonon-electron
interactions, phonon-scattering etc., where the delay time - captures the thermal wave behavior (a

small scale response in time), the phase-lag ¢, captures the effect of phonon-electron interactions (a
microscopic response in space), the other delay time ¢, is effective since, in the three-phase-lag model,

the thermal displacement gradient in considered as a constitutive variable whereas in the conventional
thermo-elasticity theory, temperature gradient is considered as a constitutive variable. Several
researchers have used three-phase-lag model to solve their problems. Kar and Kanoria (2009) have
solved the problem of a functionally graded orthotropic hollow sphere with three-phases-lag effect. The
thermo-visco-elastic interaction in an infinite unbounded medium in the presence of a periodically
varying heat source under this theory have been solved by Sur and Kanoria (2014a). Sur and Kanoria
(2014b) have studied the vibration of a gold nano-beam under this theory. Also, using fractional heat
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conduction law, several problems under this theory were solved recently (Sur and Kanoria; 2014c,
20144d).

Gurtin and William (1966a, 1966b) have suggested that there are no a priori grounds for assuming
that the second law of thermodynamics for continuous bodies involve only a single temperature, i.e., it
is more logical to assume a second law in which the entropy contribution due to heat conduction is
governed by one temperature, that of the heat supply by another. Chen and Gurtin (1968) and Chen et
al. (1968, 1969) have formulated a theory of heat conduction in deformable bodies, which depends on
two distinct temperatures — the conductive temperature gand the thermodynamic temperature 6. For

time-independent situations, the differences between these two temperatures is proportional to the heat
supply, and in the absence of any heat supply, the two temperatures are identical (Chen et al., 1969).
For time-dependent problems, however, and for wave propagation problems in particular, the two
temperatures are, in general, different, independent of the presence of a heat supply. The key element
that sets the two-temperature thermoelasticity (2TT) apart from the classical theory of thermoelasticity
(CTE) is the material parameter « (>0), called the temperature discrepancy (Chen et al., 1969).

Specifically, if a=0, then ¢=6 and the field equations of the 2TT reduce to those of CTE.

The linearized version of two-temperature theory (2TT) has been studied by many authors. Warren
and Chen (1973) have investigated the wave propagation in the two-temperature theory of
thermoelasticity. Lesan (1970) has established uniqueness and reciprocity theorems for the 2TT. It
should be pointed out that both CTE and 2TT suffer from so-called paradox of heat conduction, i.e.,
the prediction that a thermal disturbance at some point in a body is felt instantly, but unequally,
throughout the body. Although interest in the 2TT has waned since the 1970s, the recent contributions
of Quintanilla (2004a, 2004b) and Puri and Jordan (2006) have signaled something of a reversal in this
trend. Youssef (2006) has developed theory of two-temperature generalized thermoelasticity based on
LS model. El-Karamany et al. (2011) have established uniqueness and reciprocal principles in two-
temperature Green-Naghdi thermoelasticity theories. Quintanilla (2008, 2009) has proposed a
modification of the 2TT that is based on dual-phase-lag and three-dual-phase-lag heat conduction,
respectively.

G(Pt+1,) =~ KVH(P,t+7,)+ K'Vv(P,t+7,)), ()
with v=¢, which is almost Eq. (1) obtained by replacing 6 by ¢.

Youssef and Al-Harby (2007) solved a problem of infinite body with a spherical cavity employing
two temperature generalized thermoelasticity by applying the state-space approach. A half space
problem filled with an elastic material has been solved in the context of the two-temperature generalized
thermoelasticity theory using the state-space approach by Youssef and Al-Lehaibi (2007). Banik and
Kanoria (2011, 2012) have studied two-temperature generalized thermoelastic interactions in an infinite
body with a spherical cavity. Two temperature generalized thermoelasticity has also been studied by
many authors (Sur and Kanoria, 2012, 2014; Youssef, 2008; Islam et al., 2013). Kumar et al. (2010,
2011) have established variational and reciprocal principles and some theorems in two-temperature
generalized thermoelasticity.

Many attempts have been made recently to investigate the elastic properties of nanostructured
materials by atomistic simulations. Diao et al (2004) studied the effect of free surfaces on the structure
and elastic properties of gold nanowires by atomistic simulations. Although, the atomistic simulation
is a good way to calculate the elastic constants of nanostructured materials, it is only applicable to
homogenous nanostructured materials (e.g., nanoplates, nanobeams, nanowires etc.) with limited
number of atoms. Moreover, it is difficult to obtain the elastic properties of the heterogeneous
nanostructured materials using atomistic simulations. For these and other reasons, it is prudent to seek
a more practical approach. One such approach would be to extend the classical theory of elasticity
down to the nanoscale by including in it the hitherto neglected surface or the interface effect. For this,
it is necessary first to cast the latter within the framework of continuum elasticity. Nano-mechanical
resonators have attracted considerable attention recently due to their many important technological
applications. Accurate analysis of various effects on the characteristics of resonators, such as resonant
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frequencies and quality factors, is crucial for designing high-performance components. Many authors
have studied the vibration and heat transfer process of beams. Kidawa (2003) has studied the problem
of transverse vibrations of a beam induced by mobile heat source. The analytical solution to the problem
was obtained using the Green’s function method. Boley (1972) analyzed the vibrations of a simply
supported rectangular beam subjected to a suddenly applied heat input distributed along its span.
Manolis and Beskos (1980) examined the thermally induced vibration of structures consisting of beams,
exposed to rapid surface heating. Al-Huniti et al. (2001) investigated the thermally induced
displacements and stresses of a rod using the Laplace transformation technique. Ai Kah Soh et al.
(2008a, 2008b) studied the vibration of micro/nanoscale beam resonators induced by ultra-short-pulsed
laser by considering the thermoelastic coupling term.

The aim of present contribution is to study the vibration of a gold nano-beam induced by ramp-
type laser pulse under the light of two-temperature theory of generalized thermoelasticity based on
three-phase-lag model and Lord-Shulman model. Using the Laplace transform, the governing equations
have been formulated in Laplace transform domain which is then solved by Eigen value approach. The
solutions is space-time domain have been obtained by numerical inversion of Laplace transform which
is done by a method of Fourier series expansion technique. Finally the obtained solutions have been
depicted graphically to study the effect of ramping parameter. The effect of the temperature discrepancy
is also discussed.

2. Formulation of the problem

Since beams with rectangular cross-sections are easy to fabricate, such cross-sections are
commonly adopted in the design of NEMS resonators. We consider small flexural deflections of a thin
elastic beam of length / (0<x</), width b (_% <y< %J and thickness 7 (_g <z< %J , for which the .,

vand :axes are defined along the longitudinal, width and thickness directions of the beam, respectively.
In equilibrium, the beam is unstrained, unstressed and at temperature ¢, everywhere.

In the present study, the Euler-Bernoulli assumption (Soh et al., 2008a, 2008b) is adopted, i.e., any
plane cross-section, initially perpendicular to the axis of the beam, remains plane and perpendicular to
the neutral surface during bending. Thus, the displacement components are given by

=D 20w = W) 3)
X
The one-dimensional constitutive equation is
o*w
o =-E - pe,
! e p

where E is the Young’s modulus, 6=7-7, is the temperature increment, ﬂ:% , a, 1s the

coefficient of linear thermal expansion of the material, ,is the Poisson’s ratio. Then the flexure
moment of the cross-section is given by

h

2
M(x,)=- [ bzo &,

h

2
"

O*w

2
i.e., MOon)=El—+bf j} Oz, 4)

2
3

where [ = % is the moment of inertia of the cross section. Now, the thermal moment is given by
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Ozdz.

— o [

M, =bp

SR

From Eq. (4) we obtain

2
M(x,t):E]ZTZV+MT. ®)

The equation of transverse motion of a beam is given by
*M *w (6)
i patloo,
o

where p is the density, A=bhis the cross-sectional area, H is the flexural rigidity of the beam. Now,
Eq. (5) and Eq. (6) give
o'w pAddw 1 M, (7
+— — =0.
ox*  EI ot EI ox°

Now, in the context of the three-phase-lag model, the equation of heat conduction takes the following
form

.0 ¢ o' o & s
K +7,—+Kr l+7 —+—— 0+ p6,é), 8
{ o 8][62 a}[ 25 T e o) (8)
where
$-0=aVig, )
where a (> 0)is the two-temperature parameter. . = %+%+% is the volumetric strain, ¢, is the

ox Oy 0z

specific heat at constant strain, K =

A+2u) . . E . . .
—CV( 4 H) is a material constant, /3:% in which , is the

Poisson’s ratio. Also, 7, = kK + Kz, , where ¢, is the phase-lag of the thermal displacement gradient. For
K=K, ¢ =0,7,=0, r, =7, and neglecting >, we have 2TLS, model, where z,, is the relaxation
time for LS model. Now we assume that under two-temperature theory no heat flow across the upper

o

h .
and the lower surface of the beam, so that ——=0 at z= iE . For a very thin beam, we assume that the

temperature varies in terms of a sin(pz) function along the direction of thickness, where p :%. This
gives
o(x,z,t) = ¢ (x,t)sin( pz).

Hence, Eq. (7) gives

h h (10)
o'w  pAdw WbB O T . abB o', 7
o +E pve +(1+a )E . :[lzsm(pz)dz— o J; zsin(pz)dz =
2 2
Again, Eq. (8) reduces to
K*+T*Q+K1 Ll +apc,| 1+7 £+—2— o |24 ¢ |sin(pz) =
P RRLIPYl M R IP R YR PYE | RPN Ll (11)

[1+z’q%+ 5 aa; ](pc ¢1s1n(pz) Lo,z 22]
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After performing the integrations, Eq. (7) reduces to

2 2 2 2 4
d'w , pA dw Y (1 Z)Zbﬂh 04 2abpi’ 3, _ (12)

o El o 7°El o  7*El ox'

In Eq. (11), multiplying both sides by -and integrating from —% to % , we get

0 o o o 1.0 ||[d%
K +7, —+Kr, — |+ —|1+7, —+-L— L_p’¢ |=
M ot aﬁj P aﬁ( a2 o8 H(axz P

2 2 2 e
l+7 i+ 6 pC, b — phr ha_vzv . (13)
o 2 o 24 Ox
Now, we introduce the following non-dimensional variables
' Zt
x':z’ h'zﬁ, W'IK, ;(v:%’ t':CL’ ¢1_¢13 2:£,
! ! ! ! ! BTy
* * K rec
aO:K—z’ a, = 2 , A, = ZTT N bl= qo’gzi'
pchO lpcvco l pcv Z pcv

Then, after removing primes, Eq. (12) and Eq. (13) reduces to

o'w o*w ) o'¢ (14)
ox? +Al?+A2 8x21 —h 6x4l =0
and
o & & o v &\l o b &\ en’h & (15)
+a,—+a,— |+ y—| 1+ b —+——— L-p’d |=| 1+h—+—+—— L
M% “o azaﬁj Zaﬂ( "o 2 ar H(az Ml] ( "o 2 o j[aﬁ 24 o )’
where
2 2640 2 2bfah’l
141:125’ 4 = ,6’200 1+0§7z2 4= ,5’0:24’50.
h Elx I*h Elx

The medium is initially at rest and the undisturbed state is maintained at a uniform reference
temperature. Then we have

w(x,0) = (x,0) = ¢,(x,0) = ¢ (x,0) = 0.
The problem is to solve the Eq. (14) and Eq. (15) subject to the following boundary conditions
Thermal boundary condition

The plane x=0is loaded thermally by ramp-type heating and there is no temperature on the plane x=1.
Therefore, we have

0 for t<0

#9(0,0)=D, tL for O<t<t,, @(,0=0. (16)
0
1 for t>1,.

where 1, is a non-negative constant called the ramp-type parameter and @, is a constant.

Mechanical boundary condition
We consider that both the ends of the nano-beam are clamped, which gives

62w(1 ) (17)

(Oz)—m w(l,t) =222 g,



S. Mondal et al. /Engineering Solid Mechanics 5 (2017)

3. Method of solution

Applying the Laplace transform defined by

f(s)= Te"”f(t) dt, Re(s)>0, (l 8)
0
To Eq. (14) and Eq. (15), we obtain
d*w _d*¢ d*e, (19)
. +ASs W+ 4, dle — 4, dx4] =0,
and
d*¢, — d*w 20
d@_p(b] A3S2¢1—As2?‘;/. ( )
l+bs+— b2 2 rh l+bs+— b2 2
where 4, = 1 and 4, = 1 .
(ao +as+a,s’ ) + ;((l—i-bls +2blzszj (ao +as+a,s’ ) + ;((1 +bs +2b12s2j
We consider a new function as follows
& _o 1)

dx’
Boundary conditions (16) and (17) in the transformed domain take the form

1—¢™ (22)
$(0,5)=—2 [ : J G(s), Fs=0,
and
w(0,9)=U(0,s)=w(l,s)=U(l,s)=0. (23)
Now, using Eq. (21), Eq. (19) and Eq. (20) is reduced to
dz_l _ _ 24
dxf =4 -a,U, @4
d 12] =—a,w+a,p +aU, (25)
where
:(p2+Asz) a. = As: q. = 45’ a. = a, (42, — 4,) a. = 4a, - 4aa,
T a4, ! 1+a2A3 ’ l+a,4,
Choosing the functions w , 4, U , %: w' d¢‘ =¢, ——=0U" in the . _direction, then Eq. (21), Eq.

(24) and Eq. (25) can be written in matrix form by using the Bahar-Hetnarski method as follows,

dv(x,s) _ (26)
—dx = A(s)V (x,s),

where

V(x.9)=[W(rs) fns) Txs) w'(ns) s T0ns)] (27)

and

21
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0 0 0O 100
0 0 0O 010
A(s) = 0 0 0 0 01 (28)
0 0 1 0 0O
0 o -a 000
|- —a, a 0 0 0]
The characteristic equation of the matrix A(s) is given by
K —Ik* + mk*> —n =0, (29)
where
l=a +a;,

m=oa,as—a,0, +a;,,

n=aa;.

Now, the roots of the characteristic Eq. (29), which are also the Eigen values of the matrix A(s) are of

the form
k=+k, k=+k,, k=+k

where
kP +k+ k=1, (30)
K22+ k2k2 + k2kE = m, 3D
kK = n. 32)

4. Eigen value approach

Consider the vector-matrix differential equation in the following form

E 63
dx
where
ﬁ:[vl,vz,...,vn]r and A:(ay); i,j=12,...,n (34)
are real vector and matrix respectively. Let
A=VAV", (35)
where
A 0
Al A
0 A,
is a diagonal matrix whose elements ,, 4, ,..., 4, are distinct Eigen values of 4 . Let v, , v, ,...,
v be the Eigen vectors of 4 corresponding to 4,, 4, ,..., 4, respectively, and
Vz[ﬁ,l%,...,ﬁ]:(xﬁ) (say); i,j=1,2,...,n. (36)

Substituting Eq. (35) in Eq. (33) and pre-multiplying by V', we obtain

Vet
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d (i~ i~
or, —(V 'v) = /1(V 'v).
dx
If we define
F-v, (37)

We need to solve the equations

5, (8)
dx
This is a set of , - coupled differential equations. Consider the - th equation, which is typical
@,
Rt
The solution of the above equation is
y, =C.e*, r=12,...,n, (39)
where C, are scalars to be determined from the initial conditions.
Since, from Eq. (37), v =¥ 7, we may write
V= Z V.,
r=1
which can be explicitly written as
vl xll x12 xln
V. X. X. X.
2= :21 »+ fz Yy et f" v, (40)
Vn xnl an xmx
Substituting Eq. (39) in Eq. (40), we get the complete solution of Eq. (33) in the form
v, = e x, e +e,x e et e x, e, r=1,2,.. 0. (41)
Now, the Eigen-vector corresponding to the Eigen value & of the matrix A(s) can be written as
_ . ;
k' -Kao, +a,
-a,k’
= “2)
k(k4 -Ka +a3)
L —ak’ i
Thus, following Eq. (40), we obtain from Eq. (26)
[ w(x,s) |
#$(x,5)
U(x,s) a i v
w(x,s) | S s (43)
¢, '(x,s)
LU '(x.5) |

where y =, y, = C,e™,..., y, = C,e* . Now, substituting the boundary conditions (22) and (23) in
the first three equations of Eq. (43) and after some complicated calculations using Mathematica, we
obtain the final solutions in Laplace transform domain in the following form as follows:
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The lateral deflection is given by

Asinh {k, (I - x)} .\ Asinh {k,(I-x)} . Asinh {k(I - x)} (44)
(k7 =1 )(k? — & )sinh (k) (k5 =& ) (ks =3 )sinh (ky0) (k5 =k ) (k2 =& )sinh (kyl)

w(x,s) =

The conductive temperature

S = gk Asin(pz)sinh {k(I-x)} ek Asin(pz)sinh {k, (I - x)}
X,z,8) = (k12 u )(k12 —kf)(kf —kf)sinh(k]l) (k,f —q )(kz2 _klz)(kz2 —kf)sinh(kzl)

e : (45)
B a,k; Asin( pz)sinh {k3 (- x)}
(k5 =) (A =k ) (k3 = &3 )sinh (k1)
The displacement
T (25) zAk; cosh {k, (I - x)} . zAk, cosh {k, (I - x)} . zAky cosh {k;(I —x)}
z = .
B s (k2 =3 ) (k2 &3 )sinh (k1) (k3 &2 ) (k3 — &2 )sinh (k,t) (k2 — &7 )(k2 — &2 )sinh (k) (46)
The strain
_ zAk} sinh {k, (I - x)} zAk; sinh {k, (I - x)} zAk; sinh {k(I - x)} 47)
e(x,z,8)=— - - .
(k7 =15 ) (k7 = k3 )sinh (k1) (k5 =& ) (ks = &3 )sinh (kyt) (k5 =k ) (ks = &3 )sinh (k1)
where
G 2 2 2
A= m((xl —k )(a, -k, )(al —k; )

Also, the thermodynamic temperature 4(x,z,s) can be obtained from the non-dimensional form of
Eq. (9) by using Eq. (45).

5. The stress and strain energy

According to Hooke’s law, the stress along . - axis is given by

o(x,z,1)= E(e-a,0). (48)
Using the non-dimensional variables, we obtain the stress in the form

o .(x,z,t)=e—0,0,0. (49)
Applying Laplace transform, to Eq. (49), we obtain

G(x,z,8)=e—a,0,0. (50)

The strain energy, which is generated on the beam, is given by

W(x,z,t):%iai,eﬁ :%ae:—%zaU GD

i,j=1

We can write Eq. (51) as
W(x,z,t) = —%Z[L* (5. )J[L’l ((7)]

where
L' e ]=ro.

Egs. (44)-(47), Eq. (50) and Eq. (52) together constitute the complete solutions of the problem in
the Laplace transform domain.

(52)

6. Numerical results and discussions

To obtain the solution for the lateral deflection, conductive temperature, thermodynamic
temperature, displacement, thermal stress and the strain in the space-time domain, we have to apply
inversion of the Laplace transform. This has been done numerically using a method based on the Fourier
series expansion technique (Honig & Hirdes, 1984). For the purpose of illustration, here we have used
the gold (Au) material following Youssef and Elsibai (2011) and Kar and Kanoria (2009). The material
constants are given below
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A =198 GPa, £ =27 GPa, a, =14.2x10°K™", p=1930 kg/m’,$, =293 K, ¢, =130 Jkg" K™, E =180 GPa, v =0.44,
7, =2.0x107s; 7, =1.5x107s; 7, =1.0x10"s; K =200, K' =7,

Which satisfies the stability condition given by Quintanilla and Racke (2004a) that, under three-phase-
lag heat conduction that K’z <7 < 2K7  The aspect ratios of the beam are fixed as é: 10and %: %

7

When # varies, / and bchange accordingly with 4.
For the nano-scale beam, we will take the range of the original beam length /(1-100)x10">m . The

original time 7 and the ramping-time parameter z will be considered in femtoseconds scale
1(1-100)x10" sec . The computations are carried out for the wide range of the beam length when /=10,
®,=1.0, z=h/6 and =50.

In order to study the effect of the two temperature parameter, we now present the thermophysical
quantities in their graphical representations (Figs. 1-5) for ramping parameter ¢, =75. Fig 1 depicts the
variation of the lateral deflection of the beam when z, =75 for both one temperature (o = 0.0) and two-
temperature (o = 0.1) theories. From the figure, it is seen that the defection vanishes on both the inner
and outer boundaries of the beam which satisfies our theoretical boundary condition. The oscillatory
behavior in the propagation of the deflection is observed near the outer boundary of the beam. The
magnitude of the deflection is maximum near x=08for one temperature Lord Shulman model. For 3P
lag model, the magnitude of oscillation of . 1is larger for two temperature theory than that of one
temperature theory near the outer boundary of the beam.

4 4 N
w —&— LS(0=0.0)
3 —o—LS(0=0.1)
—&— 3P(0=0.0)
2 —— 3P(0=0.1)

1
0
-1
-2
-3
- J
Fig. 1. Variation of ,, versus . for »=0.0,0.1 and ¢, =75
e A . I
0.8 X —&— LS(0=0.0)
——LS(0=0.1)
0.6 —a— 3P(0=0.0)
04 —*—3P(0=0.1)

Fig. 2. Variation of ¢ versus . for «=0.0,0.1 and 7, =75

Fig. 2 is plotted to study the effect of two-temperature parameter on the conductive temperature
(¢) versus the distance,. As seen from the figure, ¢ attains the maximum magnitude near the inner

boundary of the beam. Also, the oscillatory behavior in the propagation is seen near the inner boundary
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and then it diminishes to zero on the outer boundary which validates the correctness of the thermal
boundary condition. For two temperature theory, ¢ almost disappears after x=0.3 in 3P lag model,
whereas for LS model the effect of the conductive temperature is found for 0 <x <0.7.

Fig. 3 depicts the variation of the thermodynamic temperature (¢) versus . for z, =75 for two-types
of temperatures. It is observed that 6 is maximum in magnitude near the inner boundary of the beam
for two temperature theory (» = 0.1) than that of one temperature theory (e = 0.0) for both the models.
For LS model, 6 almost disappears in0.2<x<1. Also, for 3P lag model, oscillatory nature in the
propagation of the thermodynamic temperature is found.

4 ™\
06

s e LS(0=00)

A e LS(0=0.1)

—a— 3P(w=0.0)

33 % 3P(0=0.1)

) &

1

0

Fig. 3. Variation of 6 versus . for «=0.0,0.1 and z, =75

Fig. 4 is plotted to show the propagation of the displacement , against the distance . for both one
temperature and two temperature theories. It is observed that the displacement component is maximum
in magnitude for 3P lag model when @=0.1. An oscillatory nature in the propagation of the thermal
displacement is observed.

/10 1

—e— LS(0=0.0)
—o—LS(0=0.1)
—a— 3P(0=0.0)
—%—3P(0=0.1)

- J
Fig. 4. Variation of u versus , for »=0.0,0.1 and ¢, =75

Fig. 5 depicts the propagation of the elongation versus . for ¢, =75 and for one temperature and

two temperature theories. As seen from the figure, there is almost no elongation in the beam in
0<x<04 for LS model. It is observed that the elongation is maximum in magnitude for two-
temperature (o =0.1) 3P lag model nearx=08. Fig. 6 and Fig. 7 are plotted to study the effect of the

ramp-type parameter on the conductive temperature (4) and the thermodynamic temperature (9)for
two-temperature (o =0.1) 3P lag model. These figures have been plotted for the ramping parameter
t, =75, 76,77 respectively. From these figures, we see that oscillatory natures in the propagation of ¢
and 6 are observed. Further, the peak of oscillation will increase with the increase of 7, and finally it
diminishes to zero on the upper boundary of the beam.
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Fig. 7. Variation of 6 versus . for w=0.1 and ¢, = 75,76,77
7. Conclusions

The problem of investigating the lateral vibration, conductive temperature, thermodynamic
temperature, thermoelastic stress and strain in a gold-nano beam in the light of two-temperature
generalized thermoelasticity employing the three-phase-lag model and Lord-Shulman model of heat
conduction. The method of Laplace transform is used to write the basic equations in the form of vector-
matrix differential equation, which is then solved by Eigen-value approach. The numerical inversion
of Laplace transform is done by using Fourier series expansion technique (Honig and Hirdes, 1984).
All the figures plotted are self-explanatory in exhibiting the different peculiarities which occur in the
propagation of waves, yet the following remarks may be added.
1. The significant differences in the physical quantities are observed for all the one-temperature
model and two-temperature models. Two-temperature theory is more realistic than the one-
temperature theory in the case of generalized thermoelasticity.
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2. From the figures, it is seen that the ramping parameter have a significant effect on the studied
fields. Whenever the ramp-type pulse is given to such a beam problem, the effect of the ramp-
type parameter should be taken into consideration.

3. Here, all the results for one temperature theory agree with the existing literature (Sur and Kanoria,
2014b).

4. As a final remark, the results presented in this paper should prove useful for researchers in
material science, designers of new materials, low temperature physicists as well as for those
working on the development of a theory of hyperbolic thermoelasticity.

Acknowledgements

We are grateful to Prof. S. C. Bose of the Department of Applied Mathematics, University of
Calcutta for his valuable suggestions and guidance in preparation of the paper.

References

Ackerman, C. C., Bertman, B., Fairbank, H. A., & Guyer, R. A. (1966). Second sound in solid
helium. Physical Review Letters, 16(18), 789.

Ackerman, C. C., & Guyer, R. A. (1968). Temperature pulses in dielectric solids. Annals of
Physics, 50(1), 128-185.

Bagri, A., & Eslami, M. R. (2004). Generalized coupled thermoelasticity of disks based on the Lord—
Shulman model. Journal of Thermal Stresses, 27(8), 691-704.

Al-Huniti, N. S., AlI-Nimr, M. A., & Naji, M. (2001). Dynamic response of a rod due to a moving heat
source under the hyperbolic heat conduction model. Journal of Sound and Vibration, 242(4), 629-
640.

Bagri, A., & Eslami, M. R. (2007). A unified generalized thermoelasticity formulation; application to
thick functionally graded cylinders. Journal of Thermal Stresses, 30(9-10), 911-930.

Bagri, A., & Eslami, M. R. (2007). Analysis of thermoelastic waves in functionally graded hollow
spheres based on the Green-Lindsay theory. Journal of Thermal Stresses, 30(12), 1175-1193.

Banik, S., & Kanoria, M. (2011). Two-temperature generalized thermoelastic interactions in an infinite
body with a spherical cavity. International Journal of Thermophysics, 32(6), 1247-1270.

Banik, S., & Kanoria, M. (2012). Effects of three-phase-lag on two-temperature generalized
thermoelasticity for infinite medium with spherical cavity. Applied Mathematics and
Mechanics, 33(4), 483-498.

Boley, B. A. (1972). Approximate analyses of thermally induced vibrations of beams and
plates. Journal of Applied Mechanics, 39(1), 212-216.

Chandrasekharaiah, D. S. (1996). Thermoelastic plane waves without energy dissipation. Mechanics
research communications, 23(5), 549-555.

Chandrasekharaiah, D. S. (1996). A note on the uniqueness of solution in the linear theory of
thermoelasticity without energy dissipation. Journal of Elasticity, 43(3), 279-283.

Chen, P. J., & Gurtin, M. E. (1968). On a theory of heat conduction involving two
temperatures. Zeitschrift fiir angewandte Mathematik und Physik (ZAMP), 19(4), 614-627.

Chen, P. J., & Williams, W. O. (1968). A note on non-simple heat conduction. Zeitschrift fiir
angewandte Mathematik und Physik ZAMP, 19(6), 969-970.

Chen, P. J., Gurtin, M. E., & Williams, W. O. (1969). On the thermodynamics of non-simple elastic
materials with two temperatures. Zeitschrift fiir angewandte Mathematik und Physik ZAMP, 20(1),
107-112.

Das, N. C., & Lahiri, A. (2000). Thermo-elastic interactions due to prescribed pressure inside a
spherical cavity in an unbounded medium. International Journal of Pure and Applied Mathematics,
31,19-32.

Dhaliwal, R. S., & SHERIEF, H. H. (1980). Generalized thermoelasticity for anisotropic
media. Quarterly of Applied Mathematics, 38(1), 1-8.

Diao, J., Gall, K., & Dunn, M. L. (2004). Atomistic simulation of the structure and elastic properties
of gold nanowires. Journal of the Mechanics and Physics of Solids, 52(9), 1935-1962.



S. Mondal et al. / Engineering Solid Mechanics 5 (2017) 29

El-Karamany, A. S., & Ezzat, M. A. (2011). On the two-temperature Green—Naghdi thermoelasticity
theories. Journal of Thermal Stresses, 34(12), 1207-1226.

Elsibai*, K. A., & Yousseff, H. M. (2011). State-space approach to vibration of gold nano-beam
induced by ramp type heating without energy dissipation in femtoseconds scale. Journal of Thermal
Stresses, 34(3), 244-263.

Ghosh, M. K., & Kanoria, M. (2008). Generalized thermoelastic problem of a spherically isotropic
infinite elastic medium containing a spherical cavity. Journal of Thermal Stresses, 31(8), 665-679.

Ghosh, M. K., & Kanoria, M. (2009). Analysis of thermoelastic response in a functionally graded
spherically isotropic hollow sphere based on Green—Lindsay theory. Acta mechanica, 207(1-2), 51-
67.

Kanoria, M., & Ghosh, M. K. (2010). Study of dynamic response in a functionally graded spherically
isotropic hollow sphere with temperature dependent elastic parameters. Journal of Thermal
Stresses, 33(5), 459-484.

Green A. E., & Lindsay, K. A. (1972). Thermoelasticity, Journal of Elasticity, 2, 1-7.

Green, A. E., & Naghdi, P. M. (1991, February). A re-examination of the basic postulates of
thermomechanics. In Proceedings of the Royal Society of London A: Mathematical, Physical and
Engineering Sciences (Vol. 432, No. 1885, pp. 171-194). The Royal Society.

Green, A. E., & Naghdi, P. M., (1992). An unbounded heat wave in an elastic solid, Journal of Thermal
Stresses, 15, 253-264.

Green, A. E., & Naghdi, P. M. (1993). Thermoelasticity without energy dissipation. Journal of
elasticity, 31(3), 189-208.

Gurtin, M. E., & Williams, W. O. (1966). On the clausius-duhem inequality, Z. angew. Math. Phys., 7,
626-633.

Gurtin, M. E., & Williams, W. O. (1967). An axiomatic foundation for continuum thermodynamics,
Archive for Rational Mechanics and Analysis, 26, 83-117.

Honig, G., & Hirdes, U. (1984). A method for the numerical inversion of Laplace transforms. Journal
of Computational and Applied Mathematics, 10(1), 113-132.

Ignaczak, J. (1979). Uniqueness in generalized thermoelasticity. Journal of Thermal Stresses, 2(2),
171-175.

Ignaczak, J. (1982). A note on uniqueness in thermoelasticity with one relaxation time. Journal of
Thermal Stresses, 5(3-4), 257-263.

Ignaczak, J., & Ostoja-Starzewski, M. (2010). Thermoelasticity with finite wave speeds. Oxford
University Press.

Islam, M., Kar, A., & Kanoria, M. (2013). Two-temperature generalized thermoelasticity in a fiber-
reinforced hollow cylinder under thermal shock. International Journal for Computational Methods
in Engineering Science and Mechanics, 14(5), 367-390.

Islam, M., Mallik, S. H., & Kanoria, M. (2011). Dynamic response in two-dimensional transversely
isotropic thick plate with spatially varying heat sources and body forces. Applied Mathematics and
Mechanics, 32(10), 1315-1332.

Kar, A., & Kanoria, M. (2007a). Thermoelastic interaction with energy dissipation in a transversely
isotropic thin circular disc. European Journal of Mechanics A/Solids, 26, 969-981.

Kar, A., & Kanoria, M. (2007b). Thermoelastic interaction with energy dissipation in an unbounded
body with a spherical hole. International Journal of Solids and Structures, 44,2961-2971.

Kar, A., & Kanoria, M. (2009). Generalized thermo-visco-elastic problem of a spherical shell with
three-phase-lag effect. Applied Mathematical Modeling, 33, 3287-3298.

Kar, A., & Kanoria, M. (2009). Generalized thermoelastic functionally graded orthotropic hollow
sphere under thermal shock with three-phase-lag effect. European Journal of Mechanics A/Solids,
28, 757-767.

Kidawa-Kukla, J. (2003). Application of the Green functions to the problem of the thermally induced
vibration of a beam. Journal of Sound and Vibration, 262, 865-876.

Kumar, R., Prasad, R., & Mukhopadhyay, S. (2010). Variational and reciprocal principles in two-
temperature generalized thermoelasticity. Journal of Thermal Stresses, 33(3), 161-171.

Kumar, R., Prasad, R., & Mukhopadhyay, S. (2011). Some theorems on two-temperature generalized
thermoelasticity. Archive of Applied Mechanics, 81(8), 1031-1040.



30

Chen, P. J., Gurtin, M. E., & Williams, W. O. (1969). On the thermodynamics of non-simple elastic
materials with two temperatures. Zeitschrift fiir angewandte Mathematik und Physik ZAMP, 20(1),
107-112.

Lord, H. W., & Shulman, Y. (1967). A generalized dynamical theory of thermoelasticity. Journal of
the Mechanics and Physics of Solids, 15(5), 299-309.

Manolis, G. D., & Beskos, D. E. (1980). Thermally induced vibrations of beam structures. Computer
Methods in Applied Mechanics and Engineering, 21(3), 337-355.

Puri, P., & Jordan, P. M. (2006). On the propagation of harmonic plane waves under the two-
temperature theory. International Journal of Engineering Science, 44(17), 1113-1126.

Quintanilla, R. (2004a). Exponential stability and uniqueness in thermoelasticity with two temperature.
Dynamics of Continuous Discrete and Impulsive Systems A, 11, 57-68.

Quintanilla, R. (2004). On existence, structural stability, convergence and spatial behavior in
thermoelasticity with two temperatures. Acta Mechanica, 168(1-2), 61-73.

Quintanilla, R. (2008). A well-posed problem for the dual-phase-lag heat conduction. Journal of
Thermal Stresses, 31(3), 260-269.

Quintanilla, R. (2009). A well-posed problem for the three-dual-phase-lag heat conduction. Journal of
Thermal Stresses, 32(12), 1270-1278.

Choudhuri, S. R. (2007). On a thermoelastic three-phase-lag model. Journal of Thermal Stresses, 30(3),
231-238.

Sur, A., & Kanoria, M. (2014). Thermoelastic interaction in a viscoelastic functionally graded half-space
under three-phase-lag model. European Journal of Computational Mechanics, 23(5-6), 179-198.

Soh, A. K., Sun, Y., & Fang, D. (2008). Vibration of microscale beam induced by laser pulse. Journal
of sound and vibration, 311(1), 243-253.

Sun, Y., Fang, D., Saka, M., & Soh, A. K. (2008). Laser-induced vibrations of micro-beams under
different boundary conditions. International Journal of Solids and Structures, 45(7), 1993-2013.
Sur, A., & Kanoria, M. (2014b). Vibration of a gold nano beam induced by ramp-type laser pulse under
three-phase-lag model. International Journal of Applied Mathematics and Mechanics, 10(5), 86-

104.

Sur, A., & Kanoria, M. (2014). Fractional heat conduction with finite wave speed in a thermo-visco-
elastic spherical shell. Latin American Journal of Solids and Structures, 11(7), 1132-1162.

Sur, A., & Kanoria, M. (2014). Fractional order generalized thermoelastic functionally graded solid
with variable material properties. Journal of Solid Mechanics, 6(1), 54-69.

Sur, A., & Kanoria, M. (2012). Fractional order two-temperature thermoelasticity with finite wave
speed. Acta Mechanica, 223(12), 2685-2701.

Sur, A., & Kanoria, M. (2014). Finite thermal wave propagation in a half-space due to variable thermal
loading. Applications and Applied Mathematics, 9(1), 94-120.

Warren, W. E., & Chen, P. J. (1973). Wave propagation in the two temperature theory of
thermoelasticity. Acta Mechanica, 16(1-2), 21-33.

Youssef, H. M., & Al-Lehaibi, E. A. (2007). State-space approach of two-temperature generalized
thermoelasticity of one-dimensional problem. International journal of solids and structures, 44(5),
1550-1562.

Youssef, H. M. (2006). Theory of two-temperature-generalized thermoelasticity. IMA Journal of
Applied Mathematics, 71(3), 383-390.

Youssef. H. M. (2008). Two-dimensional nroblem of a two-temperature generalized thermoelastic half-
space subjected to ramp-type heating. Computational Mathematics and Modeling, 19(2), 201-216.

© 2017 by the authors; licensee Growing Science, Canada. This is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


