Test: problem 1

X2

X1

Vector component transformation:

I I __ R
X1 = —X2, X2 = Xy, X3 = —X3.
e
Kij = Kij
Kzz K12 Kzs K11 K12
K12 K11 K13 = K12 Kzz
K23 K13 K33 K13 K23

X3

2-fold axis A-A is the only symmetry element:

What to do:

Write down the K-tensor in its general form, then
use the Neumann principle

Ki1~pip1 = (=p2)(—p2) = p2p2~K7;
K3, ~p2p; = (=p1)(—=p1) = p1ip1~Kis
K33~p3p3 = (—=p3)(—p3) = p3p3~Kss
Ki,~pipz = (=p2)(—=p1) = p1p2~Ki>
Ki3~pip3 = (=p2) (=p3) = p2p3~K33
K33~p3p3 = (—p1) (—p3) = p1p3~Ki3

Ki1 Kz Kis

Kij =| K2 K1 Kis

Kiz Kiz K3

Finally, it is known from tables of the course, that in point group 2 the symmetry of the dielectric response is mmm

Test: problem 2

D1 — €0K12E2 + €0K13E3 + d110-1 + pl(gT

material of symmetry 32 is
not pyroelectric



Exercises — Series 9, cross-coupled effects,
thermoelectromechanics

Use of constitutive equations: tips and recommendations

D =¢KE +d o + pol

l g
g =d E+ s o +a ol
NS=p, L+ aoc + %éT

« What do you need to find?

 What are the boundary conditions?

 what input data are relevant, what are redundant? (some effects are
not permitted because of symmetry...)

Select the right set of equations (consider the boundary conditions)



Exercises — Series 9, cross-coupled effects,
thermoelectromechanics:
solutions and comments

In all the exercises, the material used 1s BaTi103 1n its tetragonal phase 4mm. The 4-fold axis 1s
always directed along the x3 axis. You may use the table of values for BaTi0; given below if
needed.

s;1 8.05 x 1072 m?/N dis 392x107*2C/N

S12 —2.35%x 10712 m?/N ds; —35x107'2C/N

S;3  —5.24 x 10712 m?/N ds; 86 x 10712 C/N

S35 15.7 x 1072 m?/N K;; 150

C 242x10°J/(m*®-K) | p3 -5x1074C/(m?-K)
as; 35x107°1/K

Some data are usable, others maybe redundant or irrelevant... 3



Problem 3 3. The piezocaloric effect is measured in a sample of BaTiO3 (symmetry 4mm, the

pressurel 4-fold axis is directed along x, direction). The experimental setup is shown in Fig.3. The

X3 . 5 5 y ;
surfaces of the sample are under open circuit condition, the sample can freely expand in x,
o and x, directions, there 1s no heat exchange with the environment. Initial temperature of the

X1 I sample 1s 300 K.

Determine the change of the temperature at application of pressure 100 MPa

D, =g K B +idyi0n +poT (first equation exploits the electrical

s C boundary conditions, second one — to
Q =D E + a;0; + = 5T calculate the change of temperature
3
6Q C K13=K23=0
T = P1E1 + p2E3 + p3E3 + azo3 + T(ST =0 P1=p,=0
d33 _ Ps3 0Q _ d33 Ps
R B & B 61 (— 5T)+ 4z T =0
2 s K. 6. T s i o oK. el
. p3ds
3~ e,k
8T = — 033 5, ST = 0.86K
C P3



Problem 4. The impact of mechanical conditions on the x
electro-caloric effect is investigated. The voltage is applied L
along the polar axis; the sample temperature is measured. x

X1

& = d]lE] + Sijo-j + aiST,
6Q =Tp;E; + Ta;o; + COT =0
In case (a), the sample is mechanically free, implying all o; = 0. Then,
6Q =TpEy + Tp,Ey + Tp3Es + C6T =0
For geometry 4mm with 4-fold axis directed along x3, symmetry restrictions impose
Py = py = 0, p; # 0. Therefore,

TpsE; + COT =0
P3 Vs
0T(q) = —-TE3—=—-T——.
@=""1%¢ LC
In case (b), the sample is kept mechanically free in x; and x, directions, implying

0, = 0, = 0, = 05 = 0¢ = 0, and o5 # 0. The constitutive equation for §Q 1s then simplified

mnto:
6Q = Tp3E; ++ CoT = 0.

E3 = d13E1 + d23E2 + d33E3 + S3303 -+ a36T.

d
83 — d33E3 + 33303 -+ (135T - 0 = 0'3 _5_33E3 _S_6T
33 33
_ @adas i_ Q3d33 | QA3d33
ST, - —TE Ps S33 Ps S3 Vp3 S33 Q3d33
() = — 3—~_TEgT__TZ C . > 0,and p3;<0
C-T= & 5

the change of temperature is larger in case (b)



