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This is a topic that has been confusng to many
of our users. It is, therefore, the purpose of this
note to explan some of the difficulties in
measuring absolute phase velocity.

Insruments manufactured by Ritec manly use
radio frequency burds of energy, which ae
derived from an accurate frequency synthesizer.
However, a burgt is not monochrométic in nature
but must contain a gspectrum of frequencies
centered about the carier  (synthesizer)
frequency. The width of this spectrum is an
inverse function of the pulse width and therefore
becomes wider as the pulse width is narrowed.

If the wave speeds of dl the frequencies in this
spectrum  are the same (non-dispersve), the
group veocity of this burg and the phase
veocity of the cydes within the burg will be
equdl. If the wave gpeed of the higher
frequencies in the spectrum is lower than the
speed of the lower frequencies (dispersive), the
group will proceed a a dower rate than the
individua cycles. The phase and group
veocitieswill not be equd.

In order to hep visudize this phenomenon in a
ample way, we will condder only two
frequencies f; and f (wpand wp) will be
consdered. Two one dimensond waves added
together give
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where the phase velocities of the frequencies are
given by
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When we subgtitute kg = 2p/l 1 and wy = 2pf, we
have the familiar expresson
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Equation 1 can be rewritten wusng the
trigonometric identity
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We definethe average wave number and
frequency as
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and the difference terms as

Dk:kz-kl , DVV:\Nz-V\{L (7)

Equation 5 may now be rewritten as

y= 2Acos$ED—kX- Dwt g cogkx- wt) (8)
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where the first cos term can be thought of as a
low frequency multiplicative modulation and the
second term as the high frequency carrier. This
can be viewed as a series of groups dl traveling
at the same group speed.

The phase velocity of the carrier is
=wlk 9
and the vdocity of the low frequency modulation
IS
Cy = Dw/DK. (10)

The folowing plot of w vesus k for a
hypotheticd  spectrum illustrates  the  Studion.
At point (@ in Fgl the phase vdocity is
represented by the dope of the line drawvn from
that point to the origin, wheress the group



velocity is represented by the dope of the tangent
to the curve at that point. In thiscase g < G .
Point (b) represents the case where cg > ¢; .
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Fig. 1
Hypotheticd spectrum illugtrating different
phase and group velocities

The dgtuation is shown in the following three
figures, which show both the carier and the
modulation waveforms.  Fve pictures of the
wave ae shown a one-microsecond intervals
and the centrd carrier cycle of the group (t=0)
has been maked so that its podtion can be
followed as the wave proceeds. Only one group
Is shown &fter the firg in order to smplify the
picture.

Note In dl the examples f is arbitrarily chosen
as 1 MHz (w = 6.28*10° rad/sec). This was done
by choosng initidly f; = 0.9 MHz and $ = 1.1
MHz. The ks were cdculated using ¢ = 5¢10°
cwsec and reman congant for dl the
amulaions. The frequencies were adjusted in
Figures 3 & 4 to stidy the reaions wy = ki ¢y,
efc. The average frequency (f) is dways 1 MHz
because the chosen devidions in vedocity
average to zero.

Fig. 2 shows the dtuation for the case where the
group and phase velocity are equd.
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Fg. 2
f = 1 MHz, w = 6.28* 10° rad/sec
ki1 = 11.31 rad/cm, ko = 13.823 rad/cm
w1 = 5.655* 10° rad/sec, w = 6.91* 10° rad/sec
¢ = 5% 10° cnmi/sec, ¢, = 5% 10° cmi/sec
Cg =G = 5410° cmi/sec

t=2ns

t=3ns

t=4ns

Fig. 3 examines the case where ¢; < @ . The
wave numbers (ki, k) reman the same but the
frequencies have been adjusted so that

W1 = kl Cy, €fc.
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f=1MHz, w = 6.28* 10° rad/sec
ki =11.31 rad/cm, ko = 13.823 rad/cm
wy = 5.43%10° rad/sec, w, = 7.19* 10° rad/sec
c; = 4.8410° cm/sec, ¢ = 5.2%10° cm/sec
Cg= 7*10° cm/sec, ¢ = 5*10° cnv/sec

As can be seen, the modulation waveform moves
faster than the carrier s0 that & t = 4ns, the



marked cycle is no longer a the center of the
wavepacket.

Fig. 4 examines the case where ¢; > ¢ . The
wave numbers (ki, k) reman the same, but the
frequencies have been adjusted so that

W1 = k1 Cy, €tc.
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Fig. 4
f = 1 MHz, w = 6.28* 10° rad/sec
ki =11.31 rad/cm, ko = 13.823 rad/cm
w1 = 5.88* 10° rad/sec, w» = 6.635* 10° rad/sec
c; =5.210° cm/sec, ¢, = 4.8*10° cm/sec
Cg = 3*10° om/sec, ¢ = 5*10° crvsec

As can be seen, the modulation waveform moves
dower than the carier and the marked cycle
moves toward the end of the group.

Equation 9 can’'t be used to make bulk phase
vdocity meassurements in olids with  Ritec
indrumentation because k is not known. The
Stuation with liquids or surface waves is much
easer. The receive transducer can be moved; the
phase angle monitored; and the waveength
determined.  This gives an unambiguous result
for the phase veocty and involves no
corrections for frequency dependant factors.

However, some progress, even in solids, can be
made by measuring the phase of the received
ggnd. It is possble for us to determine the

group trandt  time and very  accurde
measurements of the change in phase trandt time
can be made. Consider equation 9 again.

k
After solving for t; equation 11 becomes
kx f
tf (12)
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where f is an absolute phase angle (usudly many
times 2 p). Unfortunately, we only have the
aoility of messuring the phase difference
between the carrier and the received signd and
this is limited to angles less than 2 p. We can,
however, track changes in the trandt time as a
function of time, temperature, or some other
parameter.

th = E

2pf
Equation 10 was deived usng only two
frequencies. A dmilar expresson can be
obtaned usng the frequency spectrum of a
sngle RF burst and the results are

(13)

dw
Cq =— 14
9= gk (14)
which gives
tg :ii (15)
20 df

It is possble for us to measure the dope of the
phase frequency curve and therefore obtain the
group trandt time. However, the researcher is
cautioned that it is absolutely necessary to apply
corrections for the transducer, the bond,
diffraction, and any frequency sendtive part of
the experimental gpparatus in order to obtan an
accurate  result. A hypotheticdl Stuation is
shown in Fig. 5. In this case the point (a)
indicates a larger tythan t; because the dope of
the tangent is greater than the dope of the line
from (@) to the origin.
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Fig.5
Hypothetica phase versus frequency plot

Note We normdly can't measure t; because
usudly we have no information about the phase
in the low frequency range. We are only able to
maeke measurements within the bandwidth of the
transducer. At very low frequencies the sze of
the sample will dso present problems. Ultrasonic
frequency measurements can, however, indicae
the presence of disperson if the phase versus
frequency curve deviates dgnificantly from a
draight line.

It should dso be mentioned that the smple
treetment of this subject in this note uses one-
dimensgond waves. When the Studion involves
three dimensons, care must be made to include
the effects of diffraction and any other frequency
dependent factors.

There is one way that the absolute phase velocity
can be made in solid samples with certan
defined geometrical shapes.  Long RF burst
widths can be used to determine a series of
resonant frequencies. In a flat plate the condition
for resonance is very smple.  The thickness (h)
mus contan an integer number of hdf
wavelengths.

NI =2h (16)
which gives dfter subgtituting | from equation 3
and using successive resonances

¢ = 2hDf a7)
where Df is the frequency difference between
resonances.

This method works wel when the transducer can
be patialy decoupled from the sample It
should not be a part of the resonant system.



