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Abstract

In this present article, Critical Resolved Shear Stress,Young's Modulus,Shear Modulus,Thermal
Conductivity, Vicker's Hardness,Speed of Sound,Mean Free Time,Fracture Toughness,UV and Visible
Optical Adsorption,Surface,Cleavage Energy,Change in Resistivity Of Diamond &Goss and Cube
Texture Quantification of YBCO,Ni Based,MgB> NbTi,BSCCO,FeSe,LaFeAsO Superconductors is
expressed by an expansion into Direction Cosines a1, 02, a3 with respect to the crystal axes. The
General Equation of Critical Resolved Shear Stress,Young's Modulus,,Yield Strength,Fatigue
Strength,Ultimate Tensile Strength,Fracture Toughness,Shear Modulus, Thermal Conductivity, Vicker's
Hardness,Speed of Sound,Mean Free Time,UV and Visible Optical Adsorption,Surface,Cleavage
Energy,Change in Resistivity of Diamond & Goss and Cube Texture Quantification of YBCO,Ni
Based,MgB> NbTi,BSCCO,FeSe,LaFeAsO Superconductors be used to determine their values at
<100>, <110>, <I111> directions respectively. In the present article Critical Resolved Shear
Stress,Young's Modulus,,Yield Strength,Fatigue Strength,Ultimate Tensile Strength,Shear
Modulus,Thermal Conductivity,Vicker's Hardness,Speed of Sound,Mean Free Time,Fracture
Toughness.UV and Visible Optical Adsorptionis,Surface,Cleavage Energy,Change in Resistivity of
Diamond & Goss and Cube Texture Quantification of YBCO,Ni
Based,MgB> NbTi,BSCCO,FeSe,LaFeAsO SuperconductorsDynamic and Kinematic Viscosity of
CopperAlumium,Iron,Chromium,Molybenum, Titanium,Magnesium,Zinc,Coherence  length  and
Texture Factor of FeSe Iron Based Super Conductor <100>, <110>, <I111> directions respectively. The
Equation can be generalized to include any anisotropic property of material.
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I Introduction

Anisotropic Properties are those properties which vary with crystal direction,Anisotropic Properties of
Diamond are Critical Resolved Shear Stress,Young's Modulus,Yield Strength,Fatigue
Strength,Ultimate Tensile Strength,,Shear Modulus, Thermal Conductivity, Vicker's Hardness,Speed of
Sound,Mean Free Time,Fracture Toughness.UV and Visible Optical Adsorption,Surface,Cleavage
Energy,Change in Resistivity & Goss and Cube Texture Quantification of YBCO,Ni
Based,MgB> NbTi,BSCCO,FeSe,LaFeAsO SuperconductorsDynamic and Kinematic Viscosity of
Copper and Alumium,Iron,Chromium,Molybenum, Titanium,Magnesium,Zinc,Coherence length and
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Texture Factor of FeSe Iron Based Super Conductor. Diamond Properties namely Critical Resolved
Shear Stress,Young's Modulus,Yield Strength,Fatigue Strength,Ultimate Tensile Strength,Shear
Modulus,Thermal Conductivity,Vicker's Hardness,Speed of Sound,Mean Free Time,Fracture
Toughness.UV and Visible Optical Adsorption,Surface,Cleavage Energy,Change in Resistivity &
Goss and Cube Texture Quantification of YBCO,Ni Based,MgB, NbTi,BSCCO,FeSe,LaFeAsO
Superconductors,Dynamic and Kinematic Viscosity of Copper and
Alumium,Iron,Chromium,Molybenum, Titanium,Magnesium,Zinc,Coherence length and Texture
Factor of FeSe Iron Based Super Conductor can be expressed as an expansion into direction cosines
a1,02,03 with respect to the crystal axes.In the present article, consideration is made up to seven terms.
1.1 St3andard Equations

c* B Ko +
1416(2(110t2)+K2(ZOL12)+K3(l_[0t1)+K4(ZOH2(>t22)++1<5(2(>t13 )HKo(X o’ aaos) KXo ) +Ks(Xan o) +Ko(X
a1’)

é*ZKo +
K (ooato2030300 )+HK2(0 2o 103?)+K (o 0203)+Ka(on 20?02 05203200 )+ K s (oo oz )+ K e(o
o203 +an?az0 0370 o)K7 (o ot ros ) HK s (ot Hontas? ot o ?) HK o (00 4028 03°)

[uvw] a b c o1 o2 o3 Jo, &A

<100> |0 90" 90" 1 0 0 Ko

<110> | 45° 459 90° 172 172 0 Ko+ K, /4

<111> | 54.7° 54.7° 54.7° 13 13 13 Ko+ Ki/3+Ka/27

IT Calculation Properties of Diamond Critical Resolved Shear Stress,Young's Modulus,Yield
Strength,Fatigue Strength,Ultimate Tensile Strength,Shear Modulus,Thermal Conductivity,Vicker's
Hardness,Speed of Sound,Mean Free Time An Expansion Into Direction Cosines ai,02,03 With
Respect To The Crystal Axes

Table 1 Critical Resolved Shear Stress,Young's Modulus,Shear Modulus,Thermal
Conductivity, Vicker's Hardness,Speed of Sound,Mean Free Time,Fracture Toughness,UV and Visible
Optical Adsorption,Surface,Cleavage Energy,Electrical Resistivity data along &<ioo>E<110-E<111>
Directions

Property Of Diamond E<100> E<ti0> E<111>
Critical Resolved Shear Stress 560 227.5 525
Young's Modulus(GPa) 1050 1143 1220
Shear Modulus(GPa) 550 600 620
Yield Strength-YS(GPa) 20 15 12
Fatigue Strength-FS(GPa) 12 10 8
Ultimate tensile Strength-UTS(GPa) 30 25 20
Thermal Conductivity(W/m-K) 2200 2000 1800
Vicker's Hardness(GPa) 70 75 80
Speed of Sound(m/s) *10° 12 11.5 11
Mean Free Time(s) *10°'° 1.0 0.8 0.6
Fracture ToughnessKic [MPa.m'? 34 3.8 53
UV Optical Absorption cm ! 0.003 0.0008 0.0002
Visible Optical Absorption cm ™! *10 5 4 3
Cleavage Energy,J/m? 10 7 3.4
Suface Energy, J/m? 5.3 3.7 2.3
Electrical Resistivity (Pure Diamond)Q-cm 101 101 10
Baseline resistivity | Up to 1% higher or lower | Up to 1% higher or lower
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Table II: Critical Resolved Shear Stress,Young's Modulus,Shear Modulus, Thermal
Conductivity, Vicker's Hardness,Speed of Sound,Mean Free Time,Fracture Toughness,UV and Visible
Optical Adsorption,Surface,Cleavage Energ ,Change in Resistivity data Elastic Constants C11,C12,Ca4

along E<100>,E<110>E<111> Directions

Velocity, V1

Material E<100> E<110> E<111>

Cubic

Crystals

CRSS Cas4 (C11-C12)/2 (C11 -C12 +2C44)/3
Shear (C11-Cr2)/2 (C11-C12+2C4a)/4 (C11 +C12 +4Cas)/6
Modulus

Young's Cn (Ci1t C121+2C44)/2 (C11+ 2C121+2C44)/3
Modulus

FracureToug | VCi V(C11+ C12+2Ca4)/2 V(C11+ 2C12+2C44)/3
hness

Yield Cu/2 (Cut Ci2)/2 (C11t C121+4Ca9)/6
Strength(Y'S

)

Fatigue Cu/2 (Cut Ci2)/2 (C11t C121+4Ca9)/6
Stength(FS)

Ultimate Cu/2 (Cut Ci2)/2 (Ci1t C121+4C4a9)/6
Tensile

Strength(UT

S)

Vicker's [Cii/Ci2]* * [C11/Caa]® * [Cii/Ci2]? *
Hardness (Ci1- C12)/Ca4 (C1tCi12)/2Caq (Cu+Ci2)/Cui
Thermal (Cv/3yp)*(Cni (Cv/3yp)*( Cu | (CV/3yp)*( Cir)/p*
Conductivit | +2C12)/p*Cas/p +C12)/p*Caa/p Caalp

y

Longitudinal | V(C11/p) V(Cir+ Ci2+2Caa)/p V(Cir+ 2C12+4Caa)/3p
Mode of

Velocity, VL

Transverse | V(Ca4/p) V(C11- Ci2)lp V(C11-C12+Caa)/3p
Mode of

Mean Free | 1~ 1/yCas
Time(s) : 1

T~ 1/yCa4

t~ 1/yCas

Adsorption | Eg?

UV Optical | auv[i00=(C11+C12)/

auv;i10)= (C11+Cas)/Eg?

auvi117= (C11+Cas)/Eg?

Visible
Optical
Adsorption

OLVISIBLE,[100]

= (C11+Ca4)/Eg?

avisiBLE,[1107= (C11+Cas)/Eg?

avisiBLE [111]= (C11+Cas)/Eg?

Surface Cn/2
Energy,J/m?

(Ciit+ C12+2Cu4)/4

(C11+ 2C12+4C4s)/6

Cleavege Cu
Energy,J/m?

(Ciit C121+2C44)/2

(C1uit2 C12+4Cas)/3
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Change in | Ap[ioo=miicii€xxt2 | Ap[1107=m11(C11+C1242C14)2€xx | AP[110]=TT11(C11+2C12+4Ca4)3€xx
Resistivity,A | mi2c12€xx FIT12(C11+C122C44)2€ xx+ FIT12(C11+2C12-4C44)3Exx

p T44C44€xy +C11+2C12-4C44)3€yy)

For <100> directions, o1 =1, a2 =0, a3=0 ....[ ]

For <110> directions, a1 =1/N2, a2 =1/72, 03=0....[ II]

For <111> directions, a1 =1/V3, 02 =1/\3, oa=1/N3....[ Il ]

2.1 Calculation Of CRSS of Diamond by An Expansion Into Direction Cosines a.1,02,03 With Respect
To The Crystal Axes

Property Of Diamond E<100> E<t10> E<ini>
Critical Resolved Shear Stress 560 227.5 525
Critical Resolved Shear Stress Caq (C11-C12)/2 (C11 -C12 +2C44)/3

For <100> directions, a1 =1, a2 =0, a3=0 ....[ I ], in Standard Equation
Ecrss® = Ko+ Ki (o1 a%2) + Kz (o))
We have
E*crss-<100>= Ko = Ca4;
For <110> directions, a1 =1/72, 02 =1/72, a3=0
Using [ II ], in Standard Equation
E*crss<i10-=Ko+ Ki (Yo a%2) + Kz ([Ta?1)
(C11-C12)2= Ko+ K; (Fa?1 a%2) + Ko ([To*h)
= (C11-C12)2=Caus +Ki1/4+0
Cu+Ki/d=(Ci-Cp2)2........ [IV];
Ki=2(Ci1-Ci2) -4Cy4
For <111> directions, o =1/\/3, o2 =1/\/3, a3=1/\/3....[ I ];
(Ci11 -C12 +2Ca4)/3 = [Caa ]+ [ 2*(Ci1 - C12) -4Caa ](C 0?1 o%2) + Ko ([Ta*1)
(C11 -C12 +2C44)/3 =[Cas ]+ [ 2*(C11- C12) -4Cas] /3 + Ko/27
Multiplying by 27, we have
9%(Ci1 -C12 +2C44) = 27[Caa ] + 9*[ 2*(C11- C12) -4Cas ] + Ko
Ko =27[Cas ] + 9*[ 2*%(Ci1 - Ci12) -4Ca4 ] - 9*[C11 -Ci2 +2C44]
Ko =27[Caa] + 18[C11] -18[Ci2] -36[Ca4 ] -9C11 +9C12 -18Cas
Ko =9[Ci1] - 9[C12] -27[C44 ] =9 [C11 -C12-3Ca4] .....[ V]
Substituting Values of Ko ,K1,K>
Ecrss™ = Ko+ Ki (Fa?i a%2) + Kz ([Ta?1))
Ecrss® = [Caa] + [2*(C11 - C12) -4Caa ] X021 0%2) +9 [Ci1 -C12-3Caa |([]021)
| CRSS | Cu4 | (CLi.Ci)2 | (C11 -C12 +2C44)/3 \
For Diamond, We Have C11=1050; Ci2 =595;Ca4 = 560;
Ecrss™ =560 -1330 (Ya?1 022) -11025(]To?1)
Ecrss*=Ko +
Ki (oo tozas+o3on ) Koo oo os?) Ko 0203)+Ka(on 2o’ oo os?rason ) Ko +on’~0s)+HK (o
o200 2000520 02)+HK (o oot o) HK s (o oo os o on ) +HK oo S on’405°)
\ Critical Resolved Shear Stress \ 560 \ 227.5 \ 525 \

Ecrss* =K K (You1a2) +Ka(Zou?) HKs([Tor)HKa(Eou o) HKs(Fan ) HKe(Lou o0 HRKr(Xon ) K s(Eeu
4.2 6

02")+Ko(Xou”)
Ecrss*=224 -692.432(Y 0102)+224(Y 01?)+3([To ) +2(T o) ++336(300°)+725.817(X o 202013) -
1120 aH+H 1ot ?)-112(F i)
/*******************************************************************
Running Comptational Code, for getting standard equation using p1,p2,p3 for above properties
p1=k0+k2+k5+k7+k9
p2=k0+0.5k1+k2+0.25k4+0.706k5+0.5k7+0.125k8+0.25k9
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p3=k0+k1+k2+0.1923k3+0.333k4+0.5772k5+0.5772k6+0.333k7+0.3335k8+0.192k9
k0=2p1/5;k2=2p1/5;k5=3p1/5;k7=k9 = -p1/5;k4=2,k8=1;

k1=2*(p2 -k0-k2-0.25k4-0.706k5-0.5k7-0.25k9);k3=2

k6=5.2(p3-k0-k1 -k2-0.1923k3-0.3333k4 -0.5772k5-0.3333k7-0.333k8-0.1924k9)
p1=70;p2=75;p3=80, give values of k1,...k9
***********************************************************************/

2.1 Calculation Of Young's Modulus of Diamond by An Expansion Into Direction Cosines o1,02,03
With Respect To The Crystal Axes

Property Of Diamond E<100> | E<n10> | E<ini>
Young's Modulus(GPa) 1050 | 1143 1220

Generalized equation in terms of 3terms:
Y*=Ko+K; (ZOL21 o) + Ko (HOL21)

[uvw] a b c o1 o2 o3 Y

<100> |0 90" 90" 1 0 0 Ko

<110> | 45° 459 90° 112 112 0 Ko+ K, /4

<111> | 54.7° 54.7° 54.7° 13 13 13 Ko+ Ki/3+ Ky /27

For <100> directions, o =1, a2 =0, a3=0 ....[ I]=>Y*100 = Ko

For <110> directions, a1 =1/V2, a2 =1/72, 05=0....[ II] => Y*110 = Ko + K1/4
=>Ki1=4[Y*110- Y*100]

For <111> directions, o =1/N3, 02 =1/\3, as=1/N3....[ Il ]=> Y*111 = Ko + K1/3 +K2/27
* Y*111 =Ko+ KI1/3 +K2/27 = Y*100 + 4[Y*110- Y*100]/3 + K227

o Ko=[Y*111-Y*00] *27 - 36[Y*110- Y*100] = [27Y*111 - 36Y*110 +9 Y*100 ]

Substituting back in Original Equation, we have
Y* =Ko+ K; (Zazl (xzz) + K> (Hazl)

Y*=Y*100 + 4[Y*110- Y*100] 0?1 0%2) + [27Y*111 - 36Y*110 +9 Y*100 ]([]0%1)
The values of Y*100, Y*110, Y*111 can be taken from Compliance Constants TABLE
| Young's Modulus | Cy | (Cuit C1o+2Ca0)2 | (Ciit 2C12+2Ca4)/3 |

Y*mopuLus=K+Ki(Q aon)+Ka(Q o 2)+K3 (JTo)+Ka(Q o 20(22)++K5(Za1 3)+K6(Za 1 2(12(13)+K7(Z(11 4)+Kg
Carton?)+Ko(Yai®)

Y*mopuLus=420  -434.44(3 a102)+420(X o ?)+H2([Jou)+2(Car2o2?)++630(Y i) -1605.715( o’ a203)-
210 o)+ 1o a2?)-210(C 1)

2.1 Calculation Of Fracture Toughness of Diamond by An Expansion Into Direction Cosines o1,00,03
With Respect To The Crystal Axes

Property Of Diamond E<100> | &<110> | E<in1>
Fracture ToughnessKic [MPa.m'?] | 3.4 3.8 53

Generalized equation in terms of 3terms:
FT* =Ko+ Ki (3?1 0%) + Ko ([Ja?)

[uvw] a b C o1 o2 o3 Y

<100> |0 90" 90" 1 0 0 Ko

<110> | 45° 450 90" 172 172 0 Ko+ K, /4

<111> | 54.7° 54.7° 54.7° 13 13 13 Ko+ K /3+Ks/27

For <100> directions, o1 =1, a2 =0, a3=0 ....[ I ] = FT*100 = Ko
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For <110> directions, o1 =1/N2, a2 =1/N2, a3=0....[ II] => FT* 10 = Ko + K,/4
=K 1=4[FT*110- FT*100]
For <111> directions, a1 =1/V3, 02 =1/N3, os=1/N3....[ Il ]=> FT* 11 = Ko + Ki1/3 +K»/27
. FT*111 =Ko + K1/3 +K2/27 = FT*100 + 4[FT*110 - FT*100]/3 + K227
. Ko=[FT*111 - FT*100] *27 - 36FT*110- FT*100] = [27FT*111 - 36FT*110 +9 FT*100 ]
Substituting back in Original Equation, we have
FT* =Ko+ K o a%2) + Ko ([Jo?1)
FT* = FT*100 + 4[FT*110- FT*100] (0?1 a?2) + [27FT*111 - 36FT*110 +9 FT*100 ](JJo%1)
The values of FT*100, FT*110, FT*111 can be taken from Compliance Constants TABLE
| FracureToughness | \/Cn | \/(C11+ C12+2Ca4)/2 ‘ \/(C11+ 2C121+2C44)/3 ‘

F*practureTouGHNESs=K+K1(Yot102)+Ka(Y o) +Ka ([ Tou ) +Ka(Y o 2o0? ) ++Ks (o) +Ke(Y o203 ) +HKr(
Yo HKs(Conton?)+Ko(Yai®)

F*pracTURETOUGHNESS=1.36-

0.70048(Y a102)+1.36(> 01?)+2([Jou )+2(X 0?02 ++2.04(3 a1 *)+5.6(X o *0203)-

0.68C a1 +1(Tau*022)-0.68(301%)

2.2 Calculation Of Shear Modulus of Diamond by An Expansion Into Direction Cosines a,02,03 With
Respect To The Crystal Axes

Property Of Diamond E<100> | &<110> | E<ini>
Shear Modulus(GPa) 550 600 620
Generalized equation in terms of 3terms:
S* =Ko+ Ki 30?1 a%2) + Ko ([Te?1)
[uvw] a b c o1 o2 03 Y
<100> 0 90° 90° 1 0 0 Ko
<110> | 45° 45° 90° 12 12 0 Ko+ K1 /4
<ii1>  |547° [547° [547° | 1A3 113 13 Ko+ Ki/3+Ka /27

For <100> directions, o1 =1, a2 =0, a3=0 ....[ I]=> S*100 =Ko

For <110> directions, a1 =1/72, a2 =1/72, 03=0....[ II] => S*110 =Ko + K1/4
=>K1=4[S*110- S*100]

For <111> directions, a1 =1/3, 02 =1/N3, as=1/N3....[ IIl |=> S*111 = Ko + K1/3 +K2/27
. S*111 =Ko + K1/3 +K2/27 = S*100 + 4[S*110 - S*100]/3 + K227

. Ko=[S*111 - S*100] *27 - 36[S*110- S*100] = [27S*111 - 36S*110 9 S*100 ]

Substituting back in Original Equation, we have
S* =Ko+ K (X021 o) + Kz ([Ta?1)
. S* = S*199 + 4[S*110- S*100] (X 0?1 a?2) + [27S*111 - 36S*110 +9 S*100 J([J0%1)
The values of S*100, S*110, S*111 can be taken from Compliance Constants TABLE
| Shear Modulus | (C11-C12)2 | (C11-C12+2Caa)/4 | (C11 +C12 +4Caa)/6 |

S*mopuLus=KoK 1 (Y 0102)+Ka (Y ar?)+Ks([Tou ) HKa(F on?02?) ++Ks(Y o) HKe(F o 0203)+K7(Far*)+Ks(
Yoirto?)+Ko(Y i)

S*mopuLus=220 -36.36(3 0102)+220(Y 01 2)+2([Jou ) +2(X o ?02?)++330(Y 1) +1232.97 (Y o 202013) -
10T o) +1 (o *o?)-110(Y a1 )

2.3 Calculation Of Yield Strenth(YS),Fatigue Strenth(FS),Ultimate Tensile Strenth(UTS) of Diamond
by An Expansion Into Direction Cosines o1,a2,05 With Respect To The Crystal Axes

Property Of Diamond E<100> E<110> E<ii>
Yield Strength-YS(GPa) 20 15 12
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Fatigue Strength-FS(GPa) 12 10 8
Ultimate tensile Strength-UTS(GPa) 30 25 20
2.3.1 Yield Strength Generalized equation in terms of 3terms:
Property Of Diamond E<100> | E<i10> &>
Yield Strength-Y S(GPa) 20 15 12
Fatigue Stength(FS) Cu/2 | (Cii+C12)/2 | (Cii+ C12+4Cas)/6
YS* =Ko+ Ki (Fo?1 a%) + Ka ([Je?)
[uvw] a b c o1 o2 o3 Y
<100> 0 90° 90° 1 0 0 Ko
<110> | 45" 45" 90° 12 12 0 Ko+ K1 /4
<111>  [54.7° [547° [547° | 1A3 113 13 Ko+ Ki/3+ K, /27

For <100> directions, o1 =1, a2 =0, a3=0 ....[ I]=>YS*100 = Ko
For <110> directions, a1 =1/V2, a2 =1/72, 03=0....[ II] => YS*110 = Ko + K1/4
=>K1=4[YS*110- YS*100]
For <111> directions, o1 =1/V3, 02 =1/73, az=1/N3....[ IIl ]=> YS*11 = Ko + K1/3 +K2/27
. YS*111 =Ko + K1/3 +K2/27 = YS*100 + 4[YS*110- YS*100]/3 + K227
* Ko= [YS*m - Ys*loo] *27 - 36[YS*110- YS*IOO] = [27YS*111 - 36YS*110 +9 YS*IOO ]
Substituting back in Original Equation, we have
YS* =Ko+ Ki X021 a2) + Kz ([Te?1)
. YS*=YS*100 +4[YS*110- YS*100] (X 01 0%2) + [27YS*111 - 36YS*110 +9 YS*100 ]([Joi%1)
The values of YS*100, YS*110, YS*111 can be taken from Compliance Constants TABLE
| Yield Strength(YS) [ Cu/2 | (CutCi)2 [ (Cut Cint4Caa)/6 |

Y S*=KoKi (Yo 02)+Ka(Yar?)+HKs ([ Tou ) HKa(Fanon?)+Ks(Y o) Ke(Yon2o203) K7 (Y o) +Ks(Yor o
HHKo(F o)
| Yield Strength-YS(GPa)

(20 |15 [ 12 |

YS*=8 -10.944(3 a102)+8(X a1 2)+2([Tou 2 (X0 02?)+12(F o *)+36.2248 (X o2 0203)-
4 oM+ 1Carton?)-4(F )

2.3.2 Fatigue Strength,Generalized equation in terms of 3terms:

Property Of Diamond E<100> | &<110> &<
Fatigue Strength-FS(GPa) 12 10 8
Fatigue Stength(FS) Ci/2 | (CuutCi2)/2 | (Ciit C121+4Cs4)/6
FS* =Ko+ Ki (30?1 0%) + Ko ([Je?1)
[uvw] a b c o1 o2 o3 Y
<100> 0 90° 90° 1 0 0 Ko
<110> 45° 45° 90° 1A2 | 1A2 0 Ko+ K, /4
<111> | 54.7° | 547° | 547° | 1~N3 | 1A3 | 1IA3 Ko+ Ki/3+ K2 /27

For <100> directions, o =1, 02 =0, az=0 ....[ I]=>FS*100 =Ko

For <110> directions, a1 =1/V2, a2 =1/72, 03=0....[ II] => FS* 10 = Ko + K,/4
=>K=4[FS*110- FS*100]

For <111> directions, a1 =1/V3, 02 =1/N3, as=1/N3....[ IIl |=> FS*1; = Ko + K1/3 +K2/27
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. FS*111 = Ko + K1/3 +K2/27 = FS*100 + 4[FS*110 - FS*100]/3 + K227
. Ko=[FS*111 - FS*100] *27 - 36[FS*110- FS*100] = [27FS*111 - 36FS*110 +9 FS*100 ]
Substituting back in Original Equation, we have
FS* =Ko+ K1 (X021 a%2) + Ko ([Te?1)
. FS* =FS*100 + 4[FS*110- FS*100] (S 0?1 a%2) + [27FS*111 - 36FS*110 +9 FS*100 ](T01)
The values of FS*100, FS*110, FS*111 can be taken from Compliance Constants TABLE

| Fatigue Strength(FS) | Cu2 | (CutC)2 | (Cut Ci1at4Caa)/6 |
FS*=Ko
+K1(62(11az)+Kz(Za12)+K3(]—[a1)+K4(Za12a22)++K5(2a13)+K6(Za12a2a3)+K7(Za14)+Kg(2a14a22)+K9(
2.01”)

| Fatugue Strength-FS(GPa) (12 |10 B |

FS*=4.8 -3.1664(Y a102)+4.8( o) F2([To 2T o) +7.2(F ar?)-3.7024(3 o’ a203)-
245 uH+H 1 tan?)-2.4(F o)
2.3.3 Ultimate Tensile Strenth(UTS),Generalized equation in terms of 3terms:

Property Of Diamond E<100> | E<110> E<111>

Ultimate Tensile Strength- | 30 25 20

UTS(GPa)

Ultimate Tensile Strength(UTS) Cu/2 | (CutCi12)/2 | (Cit C121+4Ca4)/6

UTS* =Ko+ K (2(121 (122) + Ko ( 0(21)

[uvw] a b c o1 o2 o3 Y

<100> |0 90" 90" 1 0 0 Ko

<110> | 45° 459 90° 112 112 0 Ko+ K, /4

<111> | 54.7° 54.70 54.7° 13 173 13 Ko+ Ki/3+ K2 /27

For <100> directions, o1 =1, a2 =0, a3=0 ....[ I]=> UTS*100 = Ko
For <110> directions, a1 =1/\2, a2 =1/N2, a3=0....[ II] => UTS*,10 = Ko + K1/4
=>K=4[UTS*110- UTS*100]
For <111> directions, o1 =1/43, 02 =1/73, az=1/N3....[ IIl ]=> UTS* 11 = Ko + K1/3 +K2/27
. UTS*111 = Ko + K1/3 +K2/27 = UTS*100 + 4[UTS*110- UTS*100]/3 + K227
. Ko=[UTS*111 - UTS*100] *¥27 - 36[UTS*110- UTS*100] = [27UTS*111 - 36UTS*110 +9 UTS*100
]
Substituting back in Original Equation, we have
UTS* =Ko+ K1 (X021 0%) + Kz ([Ta?1)
. UTS* = UTS*190 + 4[UTS*110- UTS*100] (X 0?1 a®2) + [27UTS*111 - 36UTS* 110 +9 UTS*100
1(MTo?n)
The values of UTS* 100, UTS*110, UTS*111 can be taken from Compliance Constants TABLE
| Ultimate Tensile Strength(UTS) | Cii/2 | (Cu+Cr2)/2 | (Cii+ C1o+4Cas)/6 |

UTS*=Kj
+K1(620u(12)+K2(Za12)+K3(H0t1)+K4(Za120t22)++K5(Zal3)+K6(Za12a2a3)+K7(Za14)+K8(Zal40€22)+K9(
ar)

Ultimate Tensile Strength- | 30 25 20
UTS(GPa)
UTS*mopuLus=12 -13.416(X 0n02)+12(X o)+ 2([Tou ) +2(T o 202?)+18(X01°)+50.9433 (Y a1 22 t3)-

6> o) +1(Cor*on?)-6( o)
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2.3 Calculation Of Thermal Conductivity of Diamond by An Expansion Into Direction Cosines a.1,02,03
With Respect To The Crystal Axes

Property Of Diamond E<100> E<110> E<111>
Thermal Conductivity Cv/3yp)(C 11 +2C Cv/3yp)(C 11 Cv/3yp)( Cl1
12)/pC44/p +C12)/pC44/p )/pC44/p
Thermal 2200 2000 1800
Conductivity(W/m-K)

TC* =Ko+ K; (ZOL21 o) + Ko ([Ta?1)

[uvw] a b c o1 02 o3 Y

<100> |0 90" 90" 1 0 0 Ko

<110> | 45° 450 90" 142 142 0 Ko+ K, /4

<111> | 54.7° 54.7° 54.7° 173 173 13 Ko+ Ki/3+ Ky /27

For <100> directions, o1 =1, a2 =0, a3=0 ....[ I ] =>TC*100 = Ko

For <110> directions, a1 =1/\2, a2 =1/72, a3=0....[ II] => TC*10 = Ko + Ki/4
=K =4[ TC*110- TC*100]

For <111> directions, a1 =1/3, 02 =1/N3, az=1/N3....[ IIl |=> TC* 11 = Ko + K1/3 +K2/27

. TC*111 =Ko + K1/3 +K2/27 = TC*190 + 4[TC*110 - TC*100]/3 + K227

. Ko =[TC*111 - TC*100] *27 - 36[TC*119- TC*100] = [27TC*111 - 36 TC*119 +9 TC*10 ]
Substituting back in Original Equation, we have

TC* =Ko+ Ki (Ca?1 0%2) + Ko ([Ta?1)

. TC* =TC*100 + 4[TC*110- TC*100] (Yo%t a%2) + [27TC*111 - 36TC*110 +9 TC*100 J([T0?1)
The values of TC*199, TC*110, TC*111 can be taken from Compliance Constants TABLE
Property Of | &<100> E<t10> E«nr>
Diamond
Thermal (Cv/3yp)*(C 11 | (CV/3yp)*(Ci+Ci2)/p*Caalp (Cv/3yp)*(Ci1)/p*Caa/p
Conductivity | +2C12)/p*C44/p

T*conpuctivity=Ko

K1 (o 02) Ko (Yo ?) K ([ Jou ) +HKa(Y o2 on?)+Ks (Yo Ko (Yo 2 0203) K7 (Y on ) +Ks (Yo *on?)+Ko(
6

o)

Property Of Diamond E<100> | E<t10> | E<ui1>

Thermal Conductivity(W/m-K) 2200 2000 | 1800

T*conpuctiviTy=880 -
725.64(X 0102)+880(X o)+ 2([Tou ) +2(F o) ++1320(Y 01°)+230.424(Y o 20203) -

440X ou )+ 1(X o 02?)-440(3 1)

2.4 Calculation Of Vicker's Hardness of Diamond by An Expansion Into Direction Cosines o1,00,03
With Respect To The Crystal Axes

Property Of Diamond E<100> E<110> E<111>
Vicker's Hardness [Ci1/Ci2]* * [C11/Caa]* * [C11/Cro]? *
(Ci1- C12)/Cas (C11t+C12)/2C44 (C11+C12)/Cii
Vicker's Hardness(GPa) 70 75 80
VH* =Ko+ Ki 0?1 a%) + Ko ([Jo?))
[uvw] a b c o1 o2 o3 Y
<100> 0 90° 90° 1 0 0 Ko
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<110> | 45° 450 90° 12 12 0 Ko+ K /4
<111> | 54.7° 54.7° 54.7° 173 143 173 Ko+ Ki/3+ Kz /27

For <100> directions, o1 =1, a2 =0, a3=0 ....[ I]=> VH*100 = Ko

For <110> directions, oy =1/\2, a2 =1/N2, a3=0....[ II] => VH*10 = Ko + K,/4
=>K1=4[VH*110- VH*100]

For <111> directions, a1 =1/V3, 02 =1/\3, ca=1/N3....[ Il ]=> VH*11; = Ko + K1/3 +K2/27
. VH*111 = Ko + K1/3 +K2/27 = VH*100 + 4[VH*110 - VH*100]/3 + K227

. K> = [VH*111 - VH*100] *27 - 36[ VH*110- VH*100] = [27VH*111 - 36 VH*110 +9 VH*100 ]
Substituting back in Original Equation, we have

VH* =Ko+ Ki (T a2) + Ko ([Jo?1)

. VH* = VH*100 + 4[VH*110- VH*100] (ZOL21 0(22) + [27VH*111 - 36 VH*110 +9 VH*100 ](HU,z])
The values of VH*100, VH* 110, VH*111 can be taken from Compliance Constants TABLE
Vicker's Hardness [Cii/Ci2]* * [C11/Casq]* * [C11/C12]? *

(C1i- C12)/Cas (C11tC12)/2C44 | (C11+C12)/C1i

V*uaroness=Ko

+K 1 (Yo o) KT ou?)+Ks([Toun)HKa(T o Paa®) K s (Yo’ K e(Yar*onas KXo +HKs(Yo o) Ko
6

o)

Property Of Diamond E<r00> | &<110> | E<ir1>

Vicker's Hardness(GPa) 70 75 80

V*arDNEss=28+0.696(Y a1 02)+28(Y o) +2([Tou ) 2T o 202?)+42(X0°)-15.405(3 o 20203) -

14 o)+ ouo?)-14(Ca1%)

2.5 Calculation Of Longitudinal and Transverse Mode of Diamond by An Expansion Into Direction
Cosines a1,02,03 With Respect To The Crystal Axes

Property Of Diamond E<100> | &<110> | E<ini>
Speed of Sound(m/s) *10° 12 11.5 |11
Mean Free Time(s) *107'2 1.0 0.8 0.6
Expression of Longitudinal Mode, Transverse Mode Velocities in terms of compliance constants Table
S.No Crystallographic | Longitudinal Mode of | Transverse =~ Mode  of
Direction Oscillation, VL Oscillation, Vr
1. V100] V(Cui/p) V(Caalp)
2. V1101 V(Ciit Ci2+2Caa)lp V(Cii- C)lp
3. Vi V(Cii+ 2C1+4C40)/3p | N(C11-C12+Casa)/3p

Generalized equation in terms of 3terms:
Vgt = Ko+ Ki (30?1 02) + Ko ([Je?1)

[uvw] a b c o1 o2 o3 Y

<100> |0 90" 90" 1 0 0 Ko

<110> | 45° 450 90" 12 12 0 Ko+ K /4

<111> | 54.7° 54.70 54.7° 173 173 13 Ko+ Ki/3+ Ky /27

For <100> directions, a; =1, 02 =0, as=0 ....[ I ] => V*L&T1100 = Ko
For <110> directions, a1 =1/72, a2 =1/72, 05=0....[ I[] => V*Lg1110 = Ko + K1/4
=K =4[ V*L&T110- V*L&T100]
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For <111> directions, a1 =1/V3, 02 =1/N3, os=1/N3....[ Il ]=> V*L&tin1 = Ko + K1/3 +K2/27

. V*rgri1 = Ko + K1/3 +K2/27 = V¥*L&T100 + 4[V*L&T110 - V¥L&T100]/3 + K227

. Ko = [V*L&t 111 - V¥L&T 100] *27 - 36[ V*L&T 110 - V¥L&T 100] = [27V*L&T 111 - 36 VFL&T 110 19
V*L&T 100 ]

Substituting back in Original Equation, we have

V*er =Ko+ Kj (ZOL21 (122) + Ko (H(l21)

. V*Ler=V*1gT 100 + 4[V*L&T 110- VEL&T 100] (0?1 0%2) + [27V*L&T 11 - 36V*L&T 110 +9 VE L&t
100 J([To*1)

The values of V*1&T 100, V¥L&T 110, V¥L&T 111 can be taken from Compliance Constants TABLE
V*L&t spEED=Ko
+K; 6(2(11(Xz)+K2(Z(112)+K3(H(11)+K4(ZOL120L22)++K5(Z(113)+K6(ZOL120(2&3)+K7(ZOL14)+K8(20L140(22)+K9(
2.01°)

V¥ gt speEp=4.8 -2.96(Y a02)+4.8(X o 2)+2([Tou ) +2(X o 200?)+7.2(Xa1)-0.371 (Yo 202013) -
2.4(20!14)4-1(ZOL14(122)—2.4(Z(116)

2.6 Calculation Of Mean Free Path of Diamond by An Expansion Into Direction Cosines ai,02,03 With
Respect To The Crystal Axes

Property Of Diamond E<100> E<ti0> &>
Mean Free Time(s) *107'2 1.0 0.8 0.6
Mean Free Time(s) 1~ 1/yC44 |1~ 1/yC44 |1~ 1/yC44

Mean Free Time is an isotropic property.

T*MEAN FREE TIME =Ko

K (Z o) Ko (o) +HKa([Ton)+Ka(C oo +Ks(Con ) +HKe(X o aoas) K7 (T o +Ks(Xou o) +Ko
6

o)

Property Of Diamond E<100> E<110> &<

Mean Free Time(s) *10°!2 1.0 0.8 0.6

T*Mean rrRee TiME =0.4 —0.5472(2(11(12)+0.4(2(112)4‘2(1_[(11)4‘2(2(112(122)4‘0.6(2(113)—2.733(2(112(12(13)—
0.2 a1 H+1(Cau*02)-0.2(F04%)

2.7Calculation Of UV, Visible Optical Adsorption of Diamond by An Expansion Into Direction Cosines
a1,02,03 With Respect To The Crystal Axes

Property Of Diamond E<100> E<110> &>
UV Optical Adsorption | auv,100=(C11+C12)/Eg? QUV,[110]= QuUV,[111]=
(C11+Cas)/Eg? (Ci1+Cus)/Eg?
Visible Optical OLVISIBLE,[100] QLVISIBLE,[110]= QLVISIBLE,[111]=
Adsorption = (C1+Ca4)/Eg? (C11+Cas)/Eg? (C11+Cus)/Eg?
UV Optical Absorption 0.003 0.0008 0.0002
cm !
Visible Optical 5 4 3
Absorption cm ! *¥10”

Generalized equation in terms of 3terms:
UV-VISoa* = Ko+ Ki (3?1 a*) + Ko ([Jo1),V is UV, Visible Optical Adsorption

[uvw] a b C o1 o2 o3 Y

<100> |0 90" 90" 1 0 0 Ko

<110> | 45° 450 90" 12 12 0 Ko+ K, /4

<111> | 54.7° 54.7° 54.7° 113 113 13 Ko+ Ki/3+ Ky /27

For <100> directions, o1 =1, 02 =0, az=0 ....[ I ]=> UV-VISoa*100 = Ko
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For <110> directions, o1 =1/N2, a2 =1/N2, a3=0....[ II] => UV-VISoa*110 = Ko + K,/4
=>K=4[UV-VISoa*110- UV-VISoa*100]

For <111> directions, a1 =1/V3, 02 =1/\3, aa=1/N3....[ Il ]=> UV-VISox*111 = Ko + Ki1/3 +K»/27

. UV-VISoa*111 = Ko + K1/3 +K2/27 = UV-VISoa*100 + 4[UV-VISoa*110 - UV-VISoa*100]/3 +
K227

. K> = [UV-VISoa*111 - UV-VISoa*100] *27 - 36[UV-VISoa*110 - UV-VISoa*100] = [27UV-
VISoa*111 - 36UV-VISoa*110 +9 UV-VISoa*100 ]

Substituting back in Original Equation, we have

UV-VISoa*= Ko+ Ki (3a?1 o) + K ([Ja?1)

. UV-VISoa* = UV-VISoa*100 + 4[UV-VISoa*110 - UV-VISoa*100] (Ca?1 0o%) + [27UV-
VISoa*111 - 36UV-VISoa*110 +9 UV-VISoa*100 J([Jo1)

The values of V*100, V*110, V*111 can be taken from Compliance Constants TABLE

Property Of Diamond E<100> E<110> E<111>
UV Optical Adsorption | auvyioo=(C1i+Ci2)/Eg? | auvyii0/= QUV[111]=
(C11+Ca4)/Eg? (C1+Ca4)/Eg?
Visible Optical | avisBLE,[100] OVISIBLE,[110]= OWVISIBLE,[111]=
Adsorption = (C1+Ca4)/Eg? (C11+Ca4)/Eg? (C11+Ca4)/Eg?
UVoa*=Ko

+K1(ZOU(Xz)+K2(ZOL12)+K3(H(11)+K4(ZOL120L22)++K5(Z(113)+K6(ZOL120L20L3)+K7(ZOL14)+K8(ZOL14a22)+K9(
6

a1’)

Property Of Diamond E<100> E<110> E<1in>

UV Optical Absorption cm | 0.003 0.0008 0.0002

1

UVoa*=0.0012  -1.003(Yat102)+0.0012(Y cr)+2([Jou ) +2(X o1 2022)+0.0018(F013)-1.9932(F 011 202013) -
0.0006(Y o) +1(X o *02%)-0.0006(3 01 %)

VISoa*=Kjy

K (Zon02) HKa(Xen?) HKs([Teu) +Ka(Xo 0o K s(Lou’) Koot o) HKr(Xen ) +Ke(Xouto”) Ko
6

o)

Property Of Diamond E<100> E<110> &>

Visible Optical | 5 4 3

Absorption cm ! *¥10”

VISoa*=42 -3.736(F o) +2(Y o) F2([Ta)+2(C o 02?)+3 (o) +0.7587(F o 202 03) -
1CouH+H1Car*o?)-1(Ta®)

2.4 Calculation Of Surface and Cleavege Energy of Diamond by An Expansion Into Direction Cosines
a1,00,03 With Respect To The Crystal Axes

Property Of Diamond E<100> E<110> E<n>

Surface Energy,J/m? Cu/2 (Ciit C121+2C44)/4 (C11+ 2C12+4C44)/6
Cleavege Energy,J/m? Cu (Ciit C12+2Ca4)/2 (C11+2 C12+4Ca4)/3
Surface Energy,J/m? 5.3 3.7 2.3

Cleavege Energy,J/m? 10 7 3.4

Generalized equation in terms of 3terms:
‘ Property Of Diamond ‘ E<100> ‘ E<110> ’ E<inr> ‘
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| Surface Energy,J/m’

| Cu/2

| (Cuit C1o+2Cus)/4

| (Cii+2C12+4Ca4)/6 |

SE* =Ko+ Ki (30?1 %) + Kz ([Je?1) SE is Surface and Cleavege Energy

[uvw] a b C o1 oo 03 Y

<100> |0 90" 90" 1 0 0 Ko

<110> | 45° 459 90° 172 172 0 Ko+ K, /4

<111> | 54.7° 54.70 54.7° 13 13 13 Ko+ Ki/3+ Kz /27

For <100> directions, o1 =1, a2 =0, a3=0 ....[ I ]=> SE*100 = Ko

For <110> directions, o1 =1/N2, a2 =1/N2, a3=0....[ II] => SE*110 = Ko + K,/4
=>K1=4[SE*110- SE*100]
For <111> directions, a1 =1/V3, 02 =1/N3, az=1/N3....[ IIl ]=> SE*1; = Ko + K1/3 +K2/27

. SE*111 = Ko + K1/3 +K2/27 = SE*100 + 4[SE*110 - SE*100]/3 + K227

. Ko = [SE*11 - SE*100] *27 - 36[SE*110- SE*100] = [27SE*111 - 36SE*110 +9SE*100 ]

Substituting back in Original Equation, we have
SE* =Ko+ Ki (o1 a%) + Kz ([o?1)
. SE* = SE*100 + 4[SE*110- SE*100] (Y01 0%2) + [27SE* 111 - 36SE*110 +9 SE*100 ]([J0*1)
The values of SE* 100, SE*110, SE*111 can be taken from Compliance Constants TABLE

Property Of Diamond E<100> E<110> E<1ni>
Surface Energy,J/m? Cu/2 (Cit+ C12+2C4q9)/4 (Ciit 2C12+4C44)/6
Cleavege Energy,J/m? Cu (Ciit C12+2C44)/2 (Ci1+2 C12+4Cs4)/3
Surface Energy,J/m? 53 3.7 2.3
Cleavege Energy,J/m? 10 7 3.4
Generalized equation in terms of 3terms:
CE* =Ko+ Ki (30?1 a*) + Ka ([Ja?1) CE is Cleavege Energy
[uvw] a b c o1 o2 o3 Y
<100> 0 90° 90° 1 0 0 Ko
<110> | 45° 45" 90° 112 112 0 Ko+ K. /4
<i1>  |547°  [547° [547° | 1A3 13 13 Ko+ Ki/3+ K2 /27

For <100> directions, o1 =1, a2 =0, a3=0 ....[ I ] => CE*100 = Ko

For <110> directions, o1 =1/\2, a2 =1/\2, a3=0....[ II] => CE* 10 = Ko + K,/4
=>K=4[CE*110- CE*100]
For <111> directions, o =1/N3, 02 =1/\3, az=1/N3....[ IIl ]=> CE*111 = Ko + K1/3 +K2/27

. CE*111 = Ko + K1/3 +K2/27 = CE*100 + 4[CE*110 - CE*100]/3 + K227

. Ko =[CE*111 - CE*100] *27 - 36[CE*110 - CE*100] = [27CE*111 - 36CE*110 +9CE*10 ]

Substituting back in Original Equation, we have
CE* =Ko+ Ki Ca?1 0%2) + Ko ([Ja?1)
. CE* = CE*09 + 4[CE*110- CE*100] (30?1 022) + [27CE*111 - 36CE*119 +9CE*100 J([J0t?1)
The values of CE* 190, CE*110, CE*111 can be taken from Compliance Constants TABLE

Property Of Diamond

E<100>

E<110>

E<il1>

Surface Energy,J/m?

53

3.7

2.3
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SE*=Ky
+K1gZalaz)+Kz(Zm2)+K3(H0tl)+K4(Za12d22)++K5(ZOH3)+K6(Z(112(12(13)+K7(Z(114)+K8(Z(114(122)+K9(
20’)

SE*=2.12 4.906(Y a102)+2.12(Y 0u?)-13.44([Jou )2 (X ar200?)+3.18(Far?)-+5.7205( a1 20003) -
1.06(C o H+1(C o *02?)-1.06(3 01%)

Property Of Diamond E<100> E<1io> E<n>

Cleavege Energy,J/m? 10 7 3.4
CE*=Kjy

K1 (o 02)+HKa(Tou ) HKs([Ton) HKa(C o o) HKs(Xou®) KXo o) HKa(Lou ) +HKs(L o o2 +Ko
Y )

CE*=4 -6.472(3a102)+4(a1?)+2([Tou)+2(Con?a2?)+6(X ar)-+5.366(3 a1 ?0203)-2(X o)+ 1 (Yot an?)-
2(Y01%)

2.5 Calculation Of Change in Resistivity of Diamond by An Expansion Into Direction Cosines o.1,02,03
With Respect To The Crystal Axes

Property E<100> E<110> E<1i>
of
Diamond
Change in | Ap[ioo=miiC11€xt2 | Ap[110/=T11(C11+C122C14)26xxt | AP[110]=TT11(C11+2C12+4C44)3Exxt
Resistivit TT12C126xx TC12(C11+C12-2C44)2€xx+ TL44C44€xy | TT12(C11+2C12-4C4d)3Exx +C11+2C12-
Y,Ap 4C44)/3Eyy)
Generalized equation in terms of 3terms:
CR* =Ko+ Ki (3a?1 a*) + Kz ([Jo*1) CR is Change in Resistivity
[uvw] a b c o1 o2 o3 Y
<100> 0 90° 90° 1 0 0 Ko
<110> | 45° 45" 90° 112 112 0 Ko+ K1 /4
<i1>  [54.7° [547° [547° |13 113 13 Ko+ Ki/3+Ka /27

For <100> directions, o1 =1, a2 =0, a3=0 ....[ I ] => CR*190 = Ko
For <110> directions, a1 =1/V2, a2 =1/72, 03=0....[ II] => CR*110 = Ko + K,/4
=>K1=4[CR*110- CR*1¢0]
For <111> directions, o1 =1/43, 02 =1/73, az=1/N3....[ IIl ]=> CR*1; = Ko + K1/3 +K2/27

Substituting back in Original Equation, we have
CR* =Ko+ K (X021 o%2) + Kz ([Ja?1)

CR*111 = Ko + K1/3 +K2/27 = CR*100 + 4[CR*110- CR*100]/3 + K227
K2 =[CR*11 - CR*00] *¥27 - 36[CR*110- CR*100] = [27CR*111 - 36CR*1190 *9CR*1¢0 ]

CR* = CR*199 + 4[CR*119- CR*100] (30?1 0%2) + [27CR*111 - 36CR* 119 +9CR*109 J([T0?1)

The values of CR*1090, CR*110, CR*111 can be taken from Compliance Constants TABLE

Change in | Ap[ioo=mr11c11€xxt2 | Ap[110/=m11(C11+C1242C14)2€xx | Ap[1107=TT11(C1142C12+4Ca4)3€xx
Resistivit | mi2ci2€xx HTT12(C11+C12-2C44)/2E xx+ T12(C11+2C12-4C44)/3€xx  +C11+2C12-
Y,Ap T44C44€xy 4C44)3Eyy)

III. Genralised Estimation of Goss and Cube Texture Quantification of YBCO,Ni

Based,MgB> NbTi,BSCCO,FeSe,LaFeAsO Superconductors By An Expansion Into Direction Cosines
ar,02,03 With Respect To The Crystal Axes
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Crystallographic | YBCO | Ni - | MgB2 NbTi BSCCO | FeSe LaFeAsO
Directios Goss and | Based Goss Goss Goss and | Goss and | Goss and
[uvw] Cube Goss and and Cube Cube Cube
Texture | and Cube Cube Texture | Texture Texture %
% Cube Texture | Texture | % %
Texture | % %
%
<100> 06&1 |07 & |05 &|05 &|[0.55&.75(10.65 & |[0.6&0.9
1.0 0.6 0.8 0.85
<110> 025 & |02 &|02 &|03 &|02&03 0.15 & |0.25
0.4 0.5 0.4 0.3 0.25 &0.35
<111> 005 & |01 & |01 & |0.15 0.15&1.0 | 0.05 & [0.1 &0.15
0.1 0.2 0.05 &0.2 0.1

1.1 Standard Equation:

E*=Ko +
K (o oton03+0300 ) +Ka(0n 302?032 +K s (0 0203+ Ka( o oo +o? o2 0520 2) K s (o o ras ) +K (o 2o
20s+an?azon 020 o) HK 7 (o ot ros) K s (on o +ontas o o ?) HKo (o0 4028 a3°)

E*=K. K, 6(2(11 o2)+K2(X o) K ([Toun)+Ka(Y o 2oa?)+H+Ks (Yo ) +Ke (Yo ?0203)+K7(Y o) +Ks(Y o an?)
+Ko(> 01°)

[uvw] A B C o1 02 o3 Y

<100> |0 90° 90" 1 0 0 Ko

<110> | 45° 459 90° 172 12 0 Ko+ Ky /4

<111> | 54.7° 54.7° 54.7° 13 13 13 Ko+ Ki/3+Ka/27

/*******************************************************************

Running Comptational Code, for getting standard equation using p1,p2,p3 for above properties
pl1=k0+k2+k5+k7+k9

p2=k0+0.5k1+k2+0.25k4+0.706k5+0.5k7+0.125k8+0.25k9
p3=k0+k1+k2+0.1923k3+0.333k4+0.5772k5+0.5772k6+0.333k7+0.3335k8+0.192k9
k0=2p1/5;k2=2p1/5;k5=3p1/5;k7=k9 = -p1/5;k4=2,k8=1;

k1=2*(p2 -k0-k2-0.25k4-0.706k5-0.5k7-0.25k9);k3=2

k6=5.2(p3-k0-k1 -k2-0.1923k3-0.3333k4 -0.5772k5-0.3333k7-0.333k8-0.1924k9)
p1=70;p2=75;p3=80, give values of k1,...k9

***********************************************************************/

YBCO SuperConductor:

E*¥=K K, 6(2(11 02) Ko (Y o)+ ([Jou )+HKa(Y o 202?) K s (Yo K6 (Y o2 0203)HK7(Yon ) +Ks (Yo *o?)
TKo(Xou”)

E*Goss TEXTURE=0.24--1.71(Y 0t102)+0.24(Y 1)+ 2 ([ Jou ) +2 (X o1 2022)+0.36 (X 011°)+0.79(X o % 02013) -
0.12(C )+ 1(Cautar?)-0.12(F o)

E*CUBE 1EXTURE=0.4--2.35(Y 01102)+0.4(X o1 )+2([Jo )2 (T o1 2022)+0.6(3 a1 *)+0.8 1 ot 202013) -
0.2(C o) +1(Care2?)-0.2(Fa®)

Ni-Based SuperConductor:
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£4=K. K, 6(2(11a2)+K2(Za12)+K3(Ha1)+K4(Za12a22)++K5(Za13)+K6(Z(112(12(13)+K7(Z(114)+K8(20t14a22)
+Ko(D a1°)

E*Goss TEXTURE=0.28--2.1(Y 0t102)+0.28( 1)+ 2 (Tou )+2 (X o2 022)+0.42 (X011 )+6.8 1 (o 02013) -
0.14C )+ 1Tt an?)-0.14(T o)

E¥cupE TEXTURE=0.4--2.15(F0102)+0.4(F 0 ?)+2([Tou ) +2(Fou?0?)+0.6(F o’ +1.14(Y o1 20203) -
0.2(C o)+ 1(Xau*a2?)-0.2(X )

MgB: SuperConductor:

E*=K.K, 6(20&1 o) Ko (Y o)+ ([ Jou ) +HKa(Y o 200?) +Ks (Y o) K6 (Yo 020i3) K7 (Y on ) +Ks (Yo *o?)
+K9(Z(11 )

E*Goss TEXTURE=0.2--1.67( o1 0(2)+0.2(20(12)4‘2(1_[(11)4‘2(20(120(22)4‘0.3(20(13)+O. 14(2(112(12(13)—
0.1(C o) +1(Care2?)-0.1(Fa®)

E* cuBE TEXTURE=0.24-1.49(Y 01102)+0.24(3 o1 2)+2([Jou )+2(X a1 202%)+0.36 (Y 1°)-2.49(Y a1 202013 ) -
0.12(F o) +1(Tarton?)-0.12(F i)

NbTi SuperConductor:

£*=K.K; t,)(ZOH()tz)JFKz(ZOL12)+K3(l_[0tl)JFK4(ZOL12(>t22)++K5(20t13)+K6(ZOH2(>t2(>t3)+1<7(2(>t14)+Ks(20t140t22)
+K9(Z(11 )

E*Goss TEXTURE=0.2--1.47(Y 0102)+0.2(Y o1 ?)+2([ Tou )20 022)+0.3(X0r®)-1.48(X a1 202013) -
0.1 o) +1(Cartar?)-0.1(F o)
E*CuBE TEXTURE=0.32--2.12(Y 0t102)+0.32( o )+2 ([ Tou ) +2(X a1 2022)+0.48(X 01> )-+4(X o 202013)-

0.16(X o) +1(Tartar?)-0.16(01°)
BSCCO SuperConductor:

E*=K K, 6(20(1 o2)+K2(Y o) K ([Toun)+Ka(Y o 2oa?)+H+Ks (Yo ) +Ke (Yo 20203)+K7(Y o ) +HKs(Y o an?)
+Ko(X 1)

E*Goss  TEXTURE=0.22--2.295(3 0t102)+0.22(Y o1 2)+2([ Jou )+2 (X o %02?)+0.33 (o1 *)+8.8 75X o 20t2013) -
0.11C M +1Con*ae?)-0.11(T o)

E*cupe  TEXTURE=0.3-2.0104(Ya102)+0.3(X ou2)+2([To ) +2(X 0t 2022)+0.45(F o) +1.032(> o1 2o2013)-
0.15(C )+ 1(Cartar?)-0.15(F 1)

FeSe SuperConductor:

E*¥=K K, 6(2(11 02) Ko (S o)+ ([ Jou )+HKa(Y o 202?) K s (Y o) K6 (Y o2 0203) K 7(Yon ) +Ks (Yo *o?)
+Ko(D a1°)

E*Goss TEXTURE=0.26.2.09968(3 01102)+0.26(3 01 2)+2([To ) +2(X 011 2022)+0.39(T 01> +4.6 79(> o1 202013)-
0.13(CarH)+1(X200%022)-0.13(Y 1)
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E*CUBE TEXTURE=0.34--
2.24512(Fa102)+0.34(3 01?)F2([Tou ) +2(T 012 02)+0.5 1 (T 01> +7.02964( 011 202013 ) -
0.17C )1 o *02?)-0.17C %)

LaFeAsO SuperConductor:

E¥=KKi (Yo 02)+Ka(Fon?)HKs([To)+Ka(Ear*ao®)HKs (X o) +HKe(Y o ao0s)+K (Y on ) +Ks( o *on?)
+Ko(X )

E*Goss TEXTURE=0.24-
1.79632(3 0102)+0.24(Y a1 2)+2([Tou )20 %02%)+0.36(3 a1*)+4.21742(3 a1 20203 )-

0.12CC a1 H+1(Car*022)-0.12(C 01 ®)

E*CUBE TEXTURE=0.36_-
2.45008(3 a102)+0.36(X o) +2([Tou)+2(X o2 022)+0.54(3011°)+6.99968(3 a1 20203 ) -
0.18(CarH)+1(Taur*ar?)-0.18(X o)

IVGenralisedEstimationKinematicandDynamicViscosityofAluminium,Copper,Iron,Chromium,
Molybenum,Titanium,Magnesium,ZincByAn Expansion Into Direction Cosines al,02,043 With
Respect To The Crystal Axes

In this present article, kinematic,Dynamic Viscosity of
Copper,Aluminium,Iron,Chromium,Molybenum, Titanium,Magnesium,Zinc of 1is expressed by an
expansion into Direction Cosines ai, a2, a3 with respect to the crystal axes. The General Equation
kinematic,Dynamic Viscosity of
Copper,AluminiumIron,Chromium,Molybenum, Titanium,Magnesium,Zinc can be used to determine
their values at <100>, <110>, <111> directions respectively. In the present article kinematic,Dynamic
Viscosity of Copper,Aluminium is determined at <100>, <110>, <111> directions respectively. The
Equation can be generalized to include any element or compound with anisotropic
properties.Aisotropic Properties are those properties of which vary with crystal direction 1is different
at <100>,<110>,<111> directions.Kinematic,Dynamic Viscosity of
Copper,Aluminium,Iron,Chromium,Molybenum, Titanium,Magnesium,Zinc. Kinematic,Dynamic
Viscosity of Copper,Aluminium ,Iron,Chromium,Molybenum, Titanium,Magnesium,Zinc can be
expressed as an expansion into direction cosines ai,02,03 with respect to the crystal axes.In the present
article, consideration is made up to three terms.
1.1 Standard Equation:
é*ZKo +
K (o otoaososz0n)+Ka (o> oo 032K (o o0 )+HKa( o o> +on o 05201 %) +K s (o *+on a3 ) +Ke(o 2o
s0iHoi2 o002 o o)K7 (o H oot o) +HK s (o oo os? o o ?)+HK o (o o284 03%)
E*¥=K K, 6(2(11az)+Kz(Z(x12)+K3(Ha1)+K4(Za12a22)++Ks(Za13)+K6(Za12(12(13)+K7(Za14)+Kg(Za14a22)
+Ko(D a1°)

[uvw] A B c o1 o2 o3 Y
<100> 0 90° 90° 1 0 0 Ko
<110> | 45° 45" 90° 112 112 0 Ko+ K /4
<111>  [54.7° [547° [547° | 1A3 113 13 Ko+ Ki/3+K2/27
From Ref®
S.No Dynamic Viscosity | Kinematic Viscocity(m?/s) | Crystalllographic
(Pa-s) of Copper of Copper(m?/sec) Directions<uvw>
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1. 1.2 1.1 <100>

2. 1.5 1.3 <110>

3. 1.3 1.2 <111>

S.No Dynamic Viscosity | Kinematic Viscocity(m?/s) | Crystalllographic
(Pa-s) of Aluminium | of Directions<uvw>

Aluminium(m?/sec)

1. 0.9 0.8 <100>

2. 1.1 1.0 <110>

3. 1.0 0.9 <111>

S.No Dynamic Viscosity | Kinematic Viscocity(m?/s) | Crystalllographic
(Pa-s) of Iron of Iron(m?/sec) Directions<uvw>

1. 3.2 0.46 <100>

2. 3.0 0.43 <110>

3. 1.0 0.4 <111>

S.No Dynamic Viscosity | Kinematic Viscocity(m?/s) | Crystalllographic
(Pa-s) of Chromium | of Chromium(m?*/sec) Directions<uvw>

1. 24 0.33 <100>

2. 2.2 0.31 <110>

3. 2.0 0.28 <111>

S.No Dynamic Viscosity | Kinematic Viscocity(m?/s) | Crystalllographic
(Pa-s) of Molybenum(m?/sec) Directions<uvw>
Molybenum

1. 3.2 0.31 <100>

2. 3.0 0.29 <110>

3. 2.8 0.27 <111>

S.No Dynamic Viscosity | Kinematic Viscocity(m?/s) | Crystalllographic
(Pa-s) of Titanium of Titanium(m?/sec) Directions<uvw>

1. 1.9 0.42 <100>

2. 1.7 0.38 <110>

3. 1.3 0.33 <111>

S.No Dynamic Viscosity | Kinematic Viscocity(m?/s) | Crystalllographic
(Pa-s) of Magnesium | of Magnesium(m?/sec) Directions<uvw>

1. 0.025 0.017 <100>

2. 0.027 0.018 <110>

3. 0.026 0.019 <111>

S.No Dynamic Viscosity | Kinematic Viscocity(m?/s) | Crystalllographic
(Pa-s) of Zinc of Zinc(m?*/sec) Directions<uvw>

1. 1.6 0.24 <100>

2. 1.5 0.23 <110>

3. 1.4 0.21 <111>
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4.1 Calculation Of Dynamic Viscosity and Kinematic viscosity of Copper By An Expansion Into
Direction Cosines a1,02,03 With Respect To The Crystal Axes

[uvw] a b c o1 o2 o3 Y

<100> |0 90" 90" 1 0 0 Ko

<110> | 45° 450 90" 12 12 0 Ko+ K /4

<111> | 54.7° 54.70 54.7° 173 173 13 Ko+ Ki/3+ Kz /27

Epv*=Ko +
K (o oonosozon ) Koo 2+on103%)+Ks (o 0003 )+Ka( o 2o o2 05 1020 2)+HK s (o oo ros® )+ K (0

o0+ ez +03% 0 02) K7 (o oot o) K s (o oo oo a0t o ?) Koo o 03°)

Ekv*=Ko +
K (o oato2030300 K2 (0 2o 103?)+K 3 (o 0203)+HKa(on 2o +on? 05?1032 on ) K s (o0 o vos ) +K g (00 %a

20302000020 o)K7 (o H oot rost)+HK s (on *on? o oz rois fon?)+HK oo o284 030)

§*=K+K16(Z(11 02)+Ko(S o) K ([ Jou ) +HKa(Y o 202?) K s (Yo K6 (X o2 0203) K 7(Yon ) +Ks (Yo *o2?)
+Ko(Q a1”)

S.No Dynamic Viscosity | Kinematic Viscocity(m?/s) | Crystalllographic
(Pa-s) of Copper of Copper(m?*/sec) Directions<uvw>

1. 1.2 1.1 <100>

2. 1.5 1.3 <110>

3. 1.3 1.2 <111>

/*******************************************************************

Running Comptational Code, for getting standard equation using p1,p2,p3 for above properties
p1=k0+k2+k5+k7+k9

p2=k0+0.5k1+k2+0.25k4+0.706k5+0.5k7+0.125k8+0.25k9
p3=k0+k1+k2+0.1923k3+0.333k4+0.5772k5+0.5772k6+0.333k7+0.3335k8+0.192k9
k0=2p1/5;k2=2p1/5;k5=3p1/5;k7=k9 = -p1/5;k4=2,k8=1;

k1=2*(p2 -k0-k2-0.25k4-0.706k5-0.5k7-0.25k9);k3=2

k6=5.2(p3-k0-k1 -k2-0.1923k3-0.3333k4 -0.5772k5-0.3333k7-0.333k8-0.1924k9)
p1=1.2;p2=1.5;p3=1.3, give values of kl1,...k9

****************************************************************************/

Dynamic Viscosity Oof | 1.2 1.5 1.3
Copper(uPa-s)

Kinematic Viscosity Of | 1.1 1.3 1.2
Copper(m?/sec)

E*pyeu=K K1 (Yo 02) Ko (Y on ) K ([ Jou ) +Ka(Y o 20?)+Ks (Yo ) +Ke (Yo 2 o203)+K7(Yon ) +Ks (Yo
0?)+Ko(Y 1)

E*pyvca=0.48-0.304(Y a102)+0.48(Y o1 ) +2([Jou ) +2(T o 02?)+0.72(T 01 °)-8.8 76 (X o 2013 ) -

0.24C ) +1C o *02?)-0.24(> 01%)

E*ven=K K (Yo 02) K (Y ou ) +HKs ([ Jou ) +HKa(Y o 20?)+Ks (Yo ) +Ke (Yo 20203)+K7(Yon ) +Ks (Yo
f0?)+Ko(X 1)

*even=0.44-0.772(Y 01102)+0.44(Y o) +2([Tou ) +2(T o 202%)+0.66(3 01%)+0.657(3 o 20203 )-

0.22C ) +1C o *02?)-0.22(X 01 %)

4.2 Calculation Of Dynamic Viscosity and Kinematic viscosity of Aluminium By An Expansion
Into Direction Cosines a1,02,03 With Respect To The Crystal Axes
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Epv*=Ko +
K (oaata2030300 Ko (0 2oz 103?)+HK (o 0203)+HKa(on 2o+ o2 05203200 )+ K s (o> oo oz )+ K e(o
o203+ a3 0+ 0320 02)HK 7 (on o ras ) K s (on o> Hontas o3 o 2) Ko (o0 4028 a3°)

Ekv*=Ko i
K (ooato205-0300 ) +HK2( o 2o 03)+K s (o 020i3)+Ka(on 2o +on? 05203200 2) K s (oo ros) +K 6 (0n 2a
203020300520 0(2)+K7(0L14+(124+0L34)+K8(0L14(122+(124(X32+(134(112)+K9(0L16+a26+(136)
E*=K.K1(Yo02)+Ka(Y o) +Ks([Tou ) +HKa(Y o 200?)HKs (Y o) +Ke(Y o200z +HK (Yo ) HKs(YC ot az?)

+Ko(X01)

S.No Dynamic Viscosity | Kinematic Viscocity(m?/s) | Crystalllographic

(Pa-s) of Aluminium | of Directions<uvw>
Aluminium(m?/sec)

1. 0.9 0.8 <100>

2. 1.1 1.0 <110>

3. 1.0 0.9 <111>

Dynamic Viscosity Oof | 0.9 1.1 1.0

Aluminium(pPa-s)

Kinenamic Viscosity Of | 0.8 1.0 0.9

Aluminium(m?/sec)

E*pvar KK (Yo 02)+Ka(You?)+HKs([Ton ) HKa(F o2 +HKs(Y o) HKe(Y o203 +K (Yo H)+Ks (Yot
a2”)+Ko(X o)

E*pyai=0.36-0.73(X 0102)+0.36(X o 2)+2([Jou ) +2(X a2 02?)+0.54(F ar)-1.7245(F 0 0203)-
0.18(CarH)+1(Tau*ar?)-0.18(X o)

¥ va=KKi (T o a2)+Ka (Yo K ([Ton)+HKa(Yar? o) +Ks(E o) HKe(T o *aa0s)+HK7(Con H+Ks(Cou®
a2”)+Ko(X o)

E¥kyar=0.32-0.6776(3 a102)+0.32(Y a2 )+2([Jou )+2(X o a2?)+0.48(Y 01 )-3.375 (X a1 202 013) -

0.16(X o) +1(Tartar?)-0.16(X01°)

4.3 Calculation Of Dynamic Viscosity and Kinematic viscosity of Iron By An Expansion Into
Direction Cosines a1,02,03 With Respect To The Crystal Axes

Epv*=Ko i
Ki(onotozas+o3on ) Koo oo’ os?)HKs(ar 0203 +Ka(on 2o’ oo os?rason ) Ko +on’ s ) +HKe( o
205020300200 02K 7 (o oot o) HK s (o oo os o o) +K o (o S o8405°)

Exv*=Ko +
K (o otoaos-oz0n)+Ka (oo 032K (o o0 )+HKa( o o> +on?os 05201 %) +K s (o o a3 ) +K (o 2o
a0 o200+ 0320 02K 7 (o H oot o3t )+HK s (o *on? o oz rois fon ?) K o (o o284 03%)

EX=K K1 (o1 02)+Ka(Y o) K ([ Jou ) +HKa(Y o 0?) K s (Yo ) +Ke(X o2 0203)+K7(Yon ) +Ks (Yo *on?)

+Ko(> o 6)
S.No Kinematic Viscocity(m?/s) | Crystalllographic
(Pa-s) of Iron of Iron(m?/sec) Directions<uvw>
1. 3.2 0.46 <100>
2. 3.0 0.43 <110>
3. 1.0 0.4 <111>

Kinenamic Viscosity Of | 0.46 043 |04
Iron(m?/sec)
Dynanamic Viscosity Of Iron(Pa-s) | 3.2 3.0 1.0
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E*pyre=1.32-0.084 (Y ot102)+1.32(X o) +2([Tou ) +2(X o 2022)+1.98(Y 0r®)-11.14(F a1 20203) -

0.66(X o) +1(X a1 *02?)-0.66(>01°)

E*kvre=0.36-0.73 (X a102)+0.36(3 0 ?)+2([ Jou ) +2(X o 02?)+0.54(F0u®)-1.7245(F o *0203) -

0.18C )1 aur*02?)-0.18(Xau)

4.4 Calculation Of Dynamic Viscosity and Kinematic viscosity of Chromium By An Expansion
Into Direction Cosines a1,02,03 With Respect To The Crystal Axes

Epv*=Ko +
K (oaataz030300 )+HKa(ou 2o 103?)+K (o 0203)+HKa(on 2o+ o2 05?0300 )+ K s (o> oo oz )+ K e(o
o203+ 230+ 0320t 02)HK 7 (on o s o) K s (on oo Hontas o3 o 2) K o (o0 4028 a3°)

éKV*=KO +
K (oaato2030300 )+HK2(0 2o 103%)+K (o 0203)+HKa(on 2o +on? 05?1032 on ?) K s (oo vos ) +K g (00 %a
sas+Han?azon o320 o) HK 7 (o ot ros ) K s(on oo +ontas oo 2) Ko (o0 o8 a3°)
§*=K+K16(Z(11(12)+K2(Z(112)+K3(H0L1)+K4(Z(112(122)++K5(Z(113)+K6(20L12(12(13)+K7(20L14)+K8(ZOL14(122)
+Ko(2 a1”)

S.No Dynamic Viscosity | Kinematic Viscocity(m?/s) | Crystalllographic
(Pa-s) of Chromium | of Chromium(m?/sec) Directions<uvw>

1. 24 0.33 <100>

2. 2.2 0.31 <110>

3. 2.0 0.28 <111>

Dynamic Viscosity Of | 2.4 2.2 2.0

Chromium(uPa-s)
Kinenamic Viscosity Of | 0.33 0.31 ]0.28
Chromium(m?/sec)
E*pver=0.96-1.7572(X0102)+0..96(Y 0 2)+2([ o ) +H2(T o 202?)+1.44(F01)+0.479( o *a203) -

0.48(C o) +1(Tartar?)-0.48(X 01

E*kver=0.132-1.0874(F a102)+0.132(X 0u ) +2([Tou ) +2(X o 2022)+0.198 (Y 01%)-1.78 15(3 a1 2 02013) -
0.066(> o *)+1(X o *a2%)-0..066(30.1°)

4.5 Calculation Of Dynamic Viscosity and Kinematic viscosity of Molybenum By An Expansion
Into Direction Cosines a1,02,03 With Respect To The Crystal Axes

Epv*=Ko i
Ki(onotozas+o3on ) Koo oo’ os?)HKs(ar 0203 +Ka(on 2o’ oo os?rason ) Ko +on’ s ) +HKe( o
205020300200 02K 7 (o oot o) HK s (o oo os o o) +K o (o S o8405°)

Exv*=Ko +
K (o otoaos-oz0n)+Ka (oo 032K (o o0 )+HKa( o o> +on?os 05201 %) +K s (o o a3 ) +K (o 2o
a0 o200+ 0320 02K 7 (o H oot o3t )+HK s (o *on? o oz rois fon ?) K o (o o284 03%)

E*¥=K K, 6(2011a2)+Kz(Za12)+K3(Ha1)+K4(Za12a22)++K5(Za13)+K6(Za12(12(13)+K7(Za14)+Kg(Za14a22)
tKo(201°)

S.No Dynamic Viscosity | Kinematic Viscocity(m?/s) | Crystalllographic
(Pa-s) of | of Molybenum(m?/sec) Directions<uvw>
Molybenum

1. 3.2 0.31 <100>

2. 3.0 0.29 <110>

3. 2.8 0.27 <111>

Dynamic Viscosity Of | 3.2 3.0 2.8

Molybenum(pPa-s)

Kinenamic Viscosity Of | 0.31 0.29 10.27

Molybenum(m?/sec)
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E*pymo=1.28-0.2696( ca2)+1.28(X o) +2([Tou ) +2(X a1 ?a2?)+1.92(Y a1 )-4.073 (X o % 0203) -

0.64(X o)+ 1(Ton*02%)-0.64(301°)

E¥gvmo=1.24-1.3332C ona2)+1.24(C o) +2([Jou ) +2(X a2 02?)+0.186(Y a1 *)-0.394(> o % 0203) -

0.0.62(C o) +1 (T a1 *02%)-0..062(F 1)

4.6 Calculation Of Dynamic Viscosity and Kinematic viscosity of Titanium By An Expansion
Into Direction Cosines a1,02,03 With Respect To The Crystal Axes

Epv*=Ko i
K (o o2+azaz+ o300 ) K (o 20?052 HK 3 (o 0203)+Ka(on 2o’ oz os? ras?on ) K s(or o2’ r0s)+HK (o
o203+ a3 0+ 0320 o) HK 7 (on o s o) K s (on o> Hontas o o 2) Ko (o0 4028 a3°)

Ekv*=Ko i
Ki(anontaaz+azon)+Ka(o 2+a22+a32)+K3(a1 ooz )+Ka(o 2002 +an% 0% 0520y 2)*l-Ks(()L P+’ o3’ )+K6(0L120L
2(13+(122(130£1+(132(11(12)+K7(0L14+(124+(134)+K8(0L14(122+(124(132+(x34(112)+K9(0L16+(126+0L36)

E*=K K, 6(2(11 o2)+K2(Y o) K ([Toun)+Ka (Y o 2oa?)+H+Ks (Yo ) +Ke (Yo 20203)+K7(Y o ) +HKs(Y o an?)
tKo(2 ")

S.No Dynamic Viscosity | Kinematic Viscocity(m?/s) | Crystalllographic
(Pa-s) of Titanium of Titanium(m?/sec) Directions<uvw>

1. 1.9 0.42 <100>

2. 1.7 0.38 <110>

3. 1.3 0.33 <111>

Dynamic Viscosity of [ 1.9 1.7 1.3

Titanium(uPa-s)
Kinenamic Viscosity Of | 0.42 0.38 |0.33
Titanium(m?*/sec)
E*py1i=0.36-0.73(X0102)+0.36(X 01 +2([ Jou ) +2(X % 02?)+0.54(X0i°)-1.7245( o *0203)-
0.38(C o)+ 1(Cartar?)-0.38(X01®)

E*ky1i=0.168-1.25(3 01102)+0.168(X o) +2([Tou ) +2(T o 2022)+0.252(F 1) +20.3 (Y o2 02013)-
0.084(F o) +1(Tou*a2%)-0.084(F )

4.7 Calculation Of Dynamic Viscosity and Kinematic viscosity of Magnesium By An Expansion
Into Direction Cosines a1,02,03 With Respect To The Crystal Axes

Epv*=Ko +
K (o o2Fonos+ 030 ) Ko (o200 1053%) Ko 0003)+Ka( o 2o o2 05 1070 2)+HKs (o oo vos ) K (0

o203+ a0+ 0370 02) K7 (o ot ras®) K s (o Yo Fontas? 1o o ?) HK o (00 S402% 1 03°)

Exv*=Ko +
K (o otoa030300 )+Ka(0n 200?032 +K s (o o203 +HKa( o o0 +o o2 05201 %) +K s (o *on ras) +K (o 2o

20502000520 o)K7 (o Hont o) HK s (o oo os o o) +K o (o 084 05°)

E*=K. K 6(2(11 o) HK2(Y o) K ([ Tou ) HKa(F o Zon?)HKs (Yo ) Ke (Yo ?0203) K7 (Y o) +Ks(Y o a?)
tKo(Xau®)

S.No Dynamic Viscosity Kinematic Viscocity(m?/s) of Crystalllographic
(Pa-s) of Magnesium Magnesium(m?*/sec) Directions<uvw>

1. 0.025 0.017 <100>

. 0.027 0.018 <110>

3. 0.026 0.019 <111>
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Dynamic Viscosity Of | 0.025 | 0.027 | 0.026
Magnesium(pPa-s)
Kinenamic Viscosity Of | 0.017 | 0.018 | 0.019
Magnesium(m?/sec)
E*pyme=0.36-0.73(X0102)+0.36(X a1 2)+2([Tou)+2 (X o ?022)+0.54(F a1 )-1.7245(F o oz03) -

0.18C )1 aur*02?)-0.18(Xau)
E*kvme=0.36-0.73(X0102)+0.36(X a1 2)+2([Tou)+2 (X o ?022)+0.54(F a1 *)-1.7245(F o o203) -

0.18C )1 aur*a2?)-0.18(Xau)

4.8 Calculation Of Dynamic Viscosity and Kinematic viscosity of Zinc By An Expansion Into
Direction Cosines a1,02,03 With Respect To The Crystal Axes

Epv*=Ko +
K (oaato2030300 )+HK2(0u 2o 103?)+K (o 0203)+Ka( o 20?02 05203200 )+ K s (o> oo oz )+ K e (o
o203 +an a0 0370 o) HK 7 (o ot ras®) K g (ot Hontas? ot o ?) HK o (00 4028 03°)

Ekv*=Ko i
K (o oton03+0300 )+Ka (02 +a2? 032)+Ks (0 0203+ Ka( o oo +o? o2 05201 2) K s (o o ras ) +K (o 2o
2(13+(122(130£1+(132(11(12)+K7(0L14+(124+(134)+K8(0L14(122+(124(132+(x34(112)+K9(0L16+(126+0L36)

E*=K. K, 6(2(11 o2)+K2(X o) K ([Toun)+Ka (Y o 2oa?)+H+Ks (Yo ) +Ke (Yo 20203)+K (Yo ) +HKs(Y o an?)
+Ko(Q 01%)

S.No Dynamic Viscosity | Kinematic Viscocity(m?/s) | Crystalllographic
(Pa-s) of Zinc of Zinc(m?*/sec) Directions<uvw>

1. 1.6 0.24 <100>

2. 1.5 0.23 <110>

3. 1.4 0.21 <111>

Dynamic Viscosity Of Zinc(pPa's) | 1.6 1.5 1.4
Kinenamic Viscosity Of | 0.24 0.23 |0.21
Zinc(m?/sec)

E*pyzn=0.64-1.3576(3 0102)+0.64(> o) +2([ o )H2(X o ?022)+0.96 (3 a1 *)-+7.06(3 01’ a20i3) -
0.32(CarH)+1(Cartar?)-0.32(F 1)
E*kvzn=0.096-0.1.0554(3 01102)+0.096(> 01 H)+2([ Tou ) +2(X o 2022)+0.144 (Y 01%)-+3.73( o 202013) -
0.048(X o) +1(Tou*a2%)-0.048(F %)

V. Generised Estimation of Coherence length And Texture Factor of FeSe of Iron Based Super
Conductor By An Expansion Into Direction Cosines o1,02,03 With Respect To The Crystal Axes

Super Conducting Coherence Length (§) | Coherence Length (§) | Coherence Length (&)
Material - 100 - 110 - 111
FeSe 1.0 nm 1.2 nm 1.5 nm
FeAs (F-doped 1.5 nm 2.0 nm 2.5 nm
SmFeAsO)
BaFe2As2 2.0 nm 2.5 nm 3.0 nm
SmFeAsO 3.5nm 4.0 nm 4.5 nm

Taking FeSe Iron Based Super Conductor,Similar procesures can be extended for other Iron Based
Super Conductor FeAs (F-doped SmFeAsO), ,BaFe>Asy SmFeAsO

E* = Ko+ K1 Co*1 a22) + Kz ([To?) )+ K3 Qo1 a22)? + Ka G a2t o2)([Jo?) + Ks G a?1 a22)3+ Ke
([Te*1)?

For <100> directions, a1 =1, a2 =0, 03=0 ....[ 1]

For <110> directions, oy =1/72, a2 =1/72, a3=0....[ II]
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For <111> directions, o1 =1/N3, 02 =1/\3, as=1/33....[ Il ]
5.1 Calculation Of Coherence Length(£), of Iron Based Superconductor FeSe

S.No Crystallographic Directions Coherence Length &
1. <100> 1.0 nm
2. <110> 1.2 nm
3. <111> 1.5 nm

For <100> directions, o1 =1, 02 =1, a3=0 ....[ I ], in Standard Equation

&* = Ko+ Ki (Yo%t o) + Ko ([To*1) ) + K5 (Yot 0%2)” + Ka (Ta?t a’2)([To?1) + Ks (Ta?1 a?2)*+ K
(TTe*1)?

We have

E*1100; = Ko = 1.0;

For <110> directions, o =1/\/2, o2 =1/\/2, o3=0

Using [ I ], in Standard Equation

1.2= Ko+ Ki (o1 o) + Ko ([Ta?) + Kz Co?1 0%2)? + Ka a2t a?2)(JJo?1) + Ks (Co? a®2)*+ Ko
(TTo?1)?

« 1.2=1.0+Ki/4 +Ks3/16 + Ks/64

¢« [16K;+4K3+Ks]=12.8........ [IV];

For <111> directions, o =1/\/3, 02 =1/\/3, a3=1/\/3....[ I ];

Using [ III] , in Standard Equation

& = Ko+ Ki (Yot o®2) + Ko ([To1) + K3 (X1 0%2)” + Ka (Yo't o2)([Te?1) + Ks (Za?1 a’2)*+ K
(TTa?1)?

1.5= 1.0+ K/3 + K2/27+ K3/9+ K4/81+ K5 /27+ K6 /729 = 125 + K1/3 + Ks/27+ K3/9+ K4/81+ Ko /27+
K¢ /729 [re-arraging Ko, Ks

*  27[9Ki+ 3K3 + Ks] +[9K4+ 3Ks + Kg]= 0.5* 729 = 364.5

e 27 *13+13.5=364.5

¢ [9Ki+3K3+Ks]=13....[ V];

. [9K4+ 3K2 + Kg]=13.5

. 9*1+3*1+1.5=13.5

® K4= 1; Kzzl; Ke=1.5

*  From[ IV ]-[ V];We have

. 16K+ 4K5 + Ks=12.8
)

9K+ 3Ks3 + Ks=13.5

7K1+ Kz =-0.7

e 7%-0.2+0.7= -0.7;

« Ki=-0.2;K3=0.7;

« Ks=13.5+9%0.2 -3*0.7

 Ks5=13.2

Substituting , Ko, K1, K2 K3, K4, Ks, K in standard equation, we have Y* = Ko+ Ki (Yo% 0%) + Ka
(ITo%1) + K3 (Xe?t a*2)* + Ka (Codt a?2)([To?n) + Ks (Fo’t o%2)*+ Ke ([To1)?

Ko=1.0, Ki= -0.2, Ko=1; K3=0.7.Ks=1, Ks=13.2. K¢c=1.5

E* Fese = 1.0 -0.2C 021 a?2) +1 ([To?1) + 0.7C a%1 022)* +1 QoA a?2)([Ja2)+13.2C a%1 022)3+
L5([T021)? eevnnne. [VI
* FOR <100> Directions, &*rese = 1.0
* FOR <110> Directions, £* rese= 1.0 -0.2/4 +0.7 /16 +13.2/64 = 1.2
* FOR <111> Directions, £* rese=1.0 —0.2/3 + 1/27 +0.7/9 + 1/81 +13.2/27 + 1.5/729=1.5
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5.2 Calculation Texture Factor, of Iron Based Superconductor FeSe Of An Expansion Into
Direction Cosines a1,02,03 With Respect To The Crystal Axes

S.No. Coherence Length,& Texture Factor, A
1.0 1.0 =10+2.5*A -3.6
2.0 1.2=10+2.0*A -4.4
3.0 1.5= 10+3.0*A -2.833
A* =Ko+ Ki (Yot o%2) + Ko (TTo*1) )+ Ks (Xt a?2) + Ka (Tot o2)([To?1) + Ks (Xo?t 0’2+ K
(o)’
S.No | Crystallographic Coherence Texture Factor( Magnetic Anisotropy
Directions Length, & *465.586093523) Energy Density of iron
E*=0.355A*-1.898
1. <100> 1.0 nm -3.6 -3.176
2. <110> 1.2 nm -4.4 -3.46
3. <111> 1.5 nm -2.833 -2.903715
DISCUSSION:

The <110>//ND fibre accounts for the lowest anisotropy energy since the flux lines, distributed
homogenously in a plane of the rotating laminated sheet, have an easiest magnetization direction with
the in-plane rotated cube texture components. On the contrary, the <100>//ND,<111>//RD fibre
orientations have relatively high anisotropy energy and as such, the occurrence of these components
in iron based super conductor is undesirable.

A*1100) = Ko =-3.6;

For <110> directions, a1 =1/v2, 02 =1/N2, a3=0

Using [ I ], in Standard Equation

-4.4= Ko+ Ki Oo?1 0%) + Ko ([Te?1) + Kz Qo a22)? + Ka Ca?i a2)([Ja?) + Ks o2 a®2)*+ Ke
(ITe*)

-44=-3.6+Ki/4+Ks5/16 + Ks5/64

*  [16Ki+4Ks5 + Ks] =-0.8%64 =-51.2........ [IV];

For <111> directions, a1 =1/73, 02 =1/73, oz=1/N3....[ I ];

Using [ III] , in Standard Equation

A* =Ko+ Ki (To %) + Ko ([To*1) + Ks (Ta?t 0%2)* + Ka (Ta®t o®2)([Ja’1) + Ks (Yot a2)’+ K
(TTo*1)?

-2.833 =-3.6+ Ky/3 + Ko/27+ K3/9+ Ku/81+ K5 27+ K6 /729 = 125 + K1/3 + Ks/27+ K3/9+ K4/81+ K>
/27+ Ke /729 [re-arraging Ko, Ks

o 27[9Ki+ 3K;3 + Ks] +[9K4+ 3Kz + Ke]= 0.767* 729 = 559.143

o 27 *20+19.143 = 559.143

[9Ki+ 3K3 + Ks]=20....[ V];

*  [9K4t+ 3Kz + K¢]=19.143

e 9*2+3%0.334+0.143=19.143

¢ K4=2;Ky=0.334; Kc=0.143

*  From[ IV ]-[ V];We have

16K+ 4K;5 +Ks=-51.2
()

9K+ 3K3 + Ks =20

7K+ K3 =-71.2
e 7% (-10)-12= -71.2
. Ki=-10K3=-12
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Substituting , Ko, Ki, Ko K3, K4, K5, K¢ in standard equation, we have
A* =Ko+ Ki (Ta?i o) + Ko ([Toe*1) + K3 (To?t o®2)* + Ka (Xa®1 o®2)([Jo’1) + Ks (To?t o’2)*+ K

([To*)?

Ko=-3.6, Ki=0.334, Ko=1; K3=-1.2.K4=2. Ks=103.2. K=0.143
A*=3.6+0.334(30% o) + 1 ([Jo?) -1.2 (Co?1 a2)? + 40?1 a®)([o?1) + 103.2 (Fo?1 a?2)*+0.143

([To*)?
Similar procesures can be extended for other Iron Based Super Conductor FeAs (F-doped SmFeAsO),
,BaFexAs> SmFeAsO
Super Conducting Coherence Length (&) - | Coherence Length (§) | Coherence Length (&)
Material 100 - 110 -111
FeAs (F-doped 1.5 nm 2.0 nm 2.5 nm

SmFeAsO)

BaFe2As2 2.0 nm 2.5 nm 3.0 nm

SmFeAsO 3.5 nm 4.0 nm 4.5 nm

| For Iron Based Superconductor
& {100},& {110},E {111} are coherence lengths in (nm),T_{100},T {110},T {111} Texture Factors
along {100},{110},{111} directions
|E {100} =A+BT {100} (nm)
[€ {110} =A+BT {110} (nm)
[E {111} =A+BT {111} (nm) |
|**FeAs (F-doped SmFeAsO)* 25+ 1.2 T {100} |25+ 1.0 T {110 |25+0.8 T {111} |
|**BaFe 2As 2** |40+ 13T {100 |40+ 1.1T {110} [40+09T {111} |
I**SmFeAsO** |35+ 1.4T {100} |35+ 1.1 T {110} [35+09T {111} |

VI CONCLUSION.

Critical Resolved Shear Stress,Young's Modulus,Shear Modulus,Thermal Conductivity,Vicker's
Hardness,Speed of Sound,Mean Free Time,Fracture Toughness,UV and Visible Optical
Adsorption,Suface,Cleavege Energy,Change in Resistivity of Diamond & Goss and Cube Texture
Quantification of YBCO,Ni Based,MgB> NbTi,BSCCO,FeSe,LaFeAsO Superconductors,Dynamic
and Kinematic Viscosity of Copper and
Alumium,Iron,Chromium,Molybenum, Titanium,Magnesium,Zinc,Coherence length and Texture
Factor of FeSe Iron Based Super Conductor can be expressed By an Expansion into Direction Cosines
a1, 02, o3 With Respect To the Crystal Axes. Generalized equation of Critical Resolved Shear
Stress,Young's Modulus,Shear Modulus,Thermal Conductivity,Vicker's Hardness,Speed of
Sound,Mean Free Time,Fracture Toughness,UV and Visible Optical Adsorption,Suface,Cleavege
EnergyChange in Resistivity of Diamond & Goss and Cube Texture Quantification of YBCO,Ni
Based,MgB> NbTi,BSCCO,FeSe,LaFeAsO Superconductors,Dynamic and Kinematic Viscosity of
Copper and Alumium,Iron,Chromium,Molybenum, Titanium,Magnesium,Zinc,Coherence length and
Texture Factor of FeSe Iron Based Super Conductor can be utilized to obtain its value at any
crystallographic direction with the provision of directional cosines a1, 02, a3 along that particular
crystallographic direction.
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