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Measurements of the ultrasonic second harmonic ampli-
tude in the nematic liquid crystal MBBA have been made
at fundamental frequencies of 2, 5, and 10 MHz. It is
found that the isentropic derivative of the sound ve-
locity, which is related to the nonlinear coupling co-
efficient C, decreases by approximately 37% as temper-
ature decreases from 35°C above to 20°C below the ne-
matic to isotropic transition temperature, T , and may
be discontinuous at T . In the nematic phasé the cou-
pling coefficient is found to be independent, within
experimental error, of the angle between the ultrasonic
wave vector and the nematic director. This confirms a
previous result. - Here, however, we are able to place a
limit of at most a 4% change in C with a change in di-
rection of propagation. TIrom this value we calculate
an upper bound of 10~11 dynes/cm2 for the isentropic
derivative of the sound velocity anisotropy with respect
to pressure.

In a previous paperl we reported the results of measure-
ments of the ultrasonic second harmonic generated in the ne-
matic liquid crystal n-(p-methoxybenzylidene)-p-butylaniline
(MBBA). In those measurements the 10 MHz ultrasonic second
harmonic generated by a 5 MHz ultrasonic wave was monitored
as a function of temperature. Changes in the relative am-
plitude A (T,%2) of the second harmonic were measured and
compared with the general phenomenological expression

-2¢.2 -a, &
ay(T,0) = ¢ kA2 & Lo 2
2 1

where %, k, A , and «, indicate the propagation distance,
wave vector, Initial @mplitude, and attenuation coefficient
of the fundamental ultrasonic wave, respectively, and o, in-
dicates the attenuation coefficient at twice the fundaméntal
frequency. C represents the nonlinear coupling coefficient
of the material. In particular, it was found that a small

(1)
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systematic difference AA, existed between the measured
second harmonic and that”calculated from Eq. (1). This dif-
ference was attributed to a change with temperature in the
nonlinear coupling coefficient C. It was also found that
within experimental error this difference was independent of
whether the sample was unoriented or oriented by a magnetic
field. The cases n || X and n l_k were examined; n being
the director.

In this note we present new data on ultrasonic second
harmonics in MBBA. We have extended the frequency range of
our previous measurements to include 2-4 MHz and 10-20 MHz
(the first number in each pair refers to the fundamental
frequency and the second to that of the harmonic). For the
10-20 MHz measurements we have extended the temperature
range under study from room temperature to about 35°C above
the nematic to isotropic transition temperature Tc. For the
10-20 MHz case, measurements have also been made ds a func-
tion of propagation distance.

Most of the present measurements were performed in un-
oriented samples because of the lack of dependence of the
coefficient C on the angle between the ultrasonic wave vector
k and the director n. This independence was again verified
in the present case (see below).

The equipment and procedure used in making our harmonic
amplitude measurements are essentially the same as those used
previouslyl.

Here again as in the 5-10 MHz case, we find, for 10-20
MHz, a systematic difference, AA.(T,%) between the measured
second harmonic amplitude and that calculated from Eq. (1),
This is shown in Figure 1 where the measured and calculated
second harmonic amplitudes have been normalized at T-T a
35°C. The dashed line in the figure is the expected aSffer-
ence when the temperature dependence of k = w/v is taken in-
to account® (w and v are the angular frequency and sound
velocity, respectively). It is seen that the temperature
dependence of the wave vector k is not sufficient to account
for the difference AA, between measured and calculated
values. Thus, within"the framework of Eq. (1), this differ-
ence is attributed to a change in the coupling coefficient
C(T) with temperature.

The data in Figure 1 show that C decreases uniformly as
temperature is lowered in the isotropic phase (T—Tc > 0) and
further decreases in the nematic phase (T—Tc < 0).7 In the



Downloaded by [Tomsk State University of Control Systems and Radio] at 05:49 23 February 2013

NONLINEAR EFFECTS 167

-2 _____——"‘- —f § -

us]
o = -
-4} -
¢ [ty ]
<
6L -
C 1 1 L 1 ] 1 ] 1 1 1 ]
-20 =10 (o] 10 20 30
(°C)

FIGURE 1 AA, versus T-T at 10-20 MHz. The experimental
and calculated values havé been noramlized at T-TC = 35°C.

immediate neighborhood of T , the error bars of the experi-

mental points are large and it is impossible to say whether

there is a discontinuity in C(T) at the transition tempera-

ture or if C{(T) simply decreases continuously, but much more
rapidly with temperature in the range T- T = 0 to -3°C._ The
data at 10-20 MHz are consistent with thoSe at 5-10 MHzl.

The quantity AA2 which we attribute to a change in C,
was also measured as a function of propagation distance, %,
at 10-20 MHz for T-T = -15°C. The results, normalized so
that AA, = 0 at T- TCC= +5°C (this temperature was chosen to
facilitate comparison with our previous work® ), are shown in
Figure 2 (see circles). They indicate that for values of 2
in excess of some value which lies between 0.25 and 0.44 cm,
AA2 is indeed constant. For smaller values of £, AA, de-
creases in magnitude. At present we do not know the“reason
for this decrease, but it may be due to an insufficient dis-
tance (in number of wavelengths) traveled by the ultrasonic
wave.,

Measurements made at 2-4 MHz for values of & = 0.55 cm
resulted in a AA, whose error bars overlap the value zero.
This may be due %o the presence of an effect similar to that
described above where AA, decreases in magnitude for small
/X rather than to the agsence of a change in C (A is the
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FIGURE 2 flo versus /A at T—TC = -15°C., Experimental and
calculated values have been normalized at T-«TC = 5°C. Tri-
angle: 2-4 MHz. Square: 5-10 MHz, Circles? 10-20 MHz,
For 10-20 MHz, the values /2 = 16.5, 28.5, and 35.6 corre-
spond to & = 0.254, 0.439, and 0.549 cm, respectively.

wavelength at the fundamental frequency). Indeed, for the
2-4 MHz case &/) = 7.2, which is less than half the value of
2/ at which the 10-20 MHz measurement of AA, started to de-
crease from its constant value for large &/A. Unfortunate-
ly, it was not possible to obtain a measurable harmonic am-
plitude at 2-4 MHz, with our instrumentation, at larger val-
ues of &/A. Values of 8A,. as a function of &/A at T- T =
-15°C are shown in Figure™2 for 2-4 MHz, 5-10 MHz, and®10-20
MHz .

As mentioned earlier, a check was performed to verify
the independence of C on the angle between k and n. This
was done at room temperature by orienting the sample with a
magnetic field and monitoring the change in amplitude of the
ultrasonic second harmonic as the magnetic+fie;d was
switched from the er endlcular position (H l_k) to the par-
allel position (H The measured change in amplitude
of the second harmonic was then compared to the change ex-
pected on the basis of Eq. (1). This expected change in

A_(T,2) was calculated using previously determined values of
the attenuation coefficients oy and O and independently



Downloaded by [Tomsk State University of Control Systems and Radio] at 05:49 23 February 2013

NONLINEAR EFFECTS 169

measured values of their changes Aa, and Ao, (here Ao is the
difference between the value o | of the attenuation coeffi-

. - > ~
cient of an ultrasonic wave with k || n and the value al‘of

a wave with X i_ﬁ).

A total of five measurements at 2-4 MHz and 5-10 MHz
were made. A path length of 1 cm was used in three of these
and 0.5 cm in the other two. The average difference in 4B
between the measured and calculated changes in harmonic am-
plitude was found to be 0.36 dB indicating a change of at
most 4% in the value of the coupling coefficient C with ori-
entation of the director {(aligned by the magnetic field}.
For the two measurements of 0.5 cm path length, the average
difference between measured and calculated changes in har-
monic amplitude was only 0.16 dB indicating a change of at
most 2% in C. The limit of a change in C of at most 4% (or
2% for the smaller, 0.5 cm path length) may be more indica-
tive of errors associated with measuring o and Aa (typically
5%) rather than actual changes in the coupling coefficient.

The nonlinear coupling coefficient C can be expressed
in terms of the isentropic derivative of the sound velocity
v with respect to pressure™»>.

c =21+ pov(av/ap)sl (2)

where p_ is the unperturbed value of the density. Using Eq.
(2) and”our experipental limit of at most a 4% change in C
in going from the k || n to the k l_h configuration, one can
establish an upper bound for the anisotropy of the isentrop-
ic derivative of the sound velocity with respect to pressure.
If one writes v|| = vlfl + §8), then the ratio Cll/cl_Of the

coupling coefficient for the two configurations can be writ-
ten, to first order in 6, as

2
9 8 9
CI S EQPOV-L(BV-L/ P)S + QOV_L (38/ P)S
CJ_ I+ pov_L(avJ_/ap)s

(3)

The velocity anisotropy ¢ is frequency dependent®. For the
frequencies used here, § in MBBA is of the order of 1077,
Also, p ¥ 1 g/cm® and v ¥ 1.5 x 10° cm/sec. The quantity
(3v/9p)_ has not, to our knowledge, been measured for any
liquid grystal. However, if one uses the value p v(,av/ap)S
= 5 typical of organic liquids7, one finds that the room
temperature value of (36/8p)_ is at most 10-11 dynes/cm?.
If, on the other hand, one assumes that the second term in
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the numerator in brackets in Eq. (3) is of the same order of
smallness as the first term, then the ratio C‘I/Cl-would

differ from unity by a few parts per thousand. This small
difference would be impossible to determine from second har-
monic amplitude measurements.

From our measurements we observe a decrease in the co-
efficient C with decreasing temperature (see Figure 1).
Since the product p v increases with decreasing temperature
(p_v increasesds8 b? v 19% in going from T-T = 35°C to T-T
= 920°C), we conclude that the isentropic depivative (Bv/Bps
in Eq. (2) decreases with decreasing temperature. The over->
all decrease in (3v/0p)_ amounts to approximately 37% over a
temperature range of 55°C. Our data also suggest that this
derivative may be discontinuous at the transition tempera-
ture Tc'
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