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PERFORMANCE OF RESONANT SEISMOMETERS* 

WILLIAM L. DONN,t MAURICE EWING,t AND FRANK PRESSt 

ABSTRACT 

A group of resonant vertical seismometers, each tuned to cover a part of the spectrum of micro
seism frequencies, has been operated for about one year. 

These instruments (a) clearly distinguish between simultaneous microseisms from two separate 
sources; (b) show an improved signal-to-noise ratio for microseisms from a single storm, permitting 
earlier detection of storm onsets; (c) show clearly the increase in period of frontal microseisms as 
cold fronts move seaward from the east coast of North America; (d) record only the envelope of the 
oscillations, which greatly facilitates measurement of intensity as a function of time; and (e) appear 
to be very useful tools in continued attempts at hurricane location by means of microseism amplitude 
studies. 

The performance of the instruments is demonstrated by seven case histories in which microseismic 
readings of seismometers tuned to different frequencies are related to the meteorological conditions 
which are apparently responsible for the microseismic activity. 

INSTRUMENTATION 

The resonant seismographs used in this study consisted of highly under
damped vertical seismometers coupled through a large series resistance to criti
cally damped galvanometers. The seismometers incorporate a design originally 
suggested by Lacoste (1934) for the use of zero length springs. Damping of the 
seismometers and over-all sensitivity were controlled by selecting appropriate 
values for the transducer coil impedance and the series resistance. Leeds-North
rup type 2,500F galvanometers (T0 = 12-15 sec) were used. 

Figure l shows the steady-state magnification curves for the resonant seismo
graphs. It is seen that each instrument is sharply tuned to a narrow band and 
that the peak magnification is roughly ten or twenty times greater at these 
periods than in conventional seismographs. Damping constants for the seis
mometers are given in Table I. 

The magnification curves in Figure r are valid only for steady state sinusoidal 
ground motion. It is well known that microseism amplitudes often change rapidly, 
a typical variation taking the form of groups containing 3-8 oscillations. Without 
going into the details we may conclude from the results of Wilson (1932) that the 
response of tuned seismometers to typical microseisms consists of forced oscilla
tions having the microseism period and slightly damped free oscillations having 
the period of the seismometer. The amplitude of the forced vibrations is roughly 
dependent on the magnification curves of Figure l, whereas the free vibration 
amplitudes depend on the amplitude of the spectral components of the transient 
microseismic activity having periods near that of the seismometer. From com
parison of tuned and standard seismograph records, we have found that forced 

*Lamont Geological Observatory Contribution No. r27. Manuscript received by the Editor 
June 2r, 1954. 

t Lamont Geological Observatory, Columbia University, Palisades, N. Y. 
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FIG. I. Characteristic curves for four resonant seismographs, showing steady-state magnification 
as function of period. 

vibrations account for the significant amplitude variations of the tuned seismo
graphs and that these are directly related to period and amplitude changes of 
microseisms. 

Seismometer Period 

2.9sec 
4.3 
6.3 
7.4 

TABLE I 

Seismometer Damping 
Constant 

0.135 sec-1 

0.058 
0.019 

0.029 

PERFORMANCE 

The performance of the new instruments can be shown best by a series of case 
histories of different microseismic situations. Conventional seismograms are pre
sented for comparison in many of the cases to be described. 

November J-4, 1952 

The weather chart (lower right) in Figure 2 shows a weak cold front just east 
of Palisades ( P) at the time indicated. The dotted line off the east coast on this 
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FIG. 2 . Microseismic effect at Palisades of weak cold front of November 3-4, 1952. Record from 
resonant seismographs at top, from electronic seismograph at lower left. 

and subsequent charts represents the 1,000-fm depth contour. The record of an 
electronic seismograph is shown to the left of the map. This instrument is usually 
the most sensitive of the Palisades seismographs to short-period microseisms. 
The earliest detectable microseism signal on this trace occurs about 2230, No
vember 3, with no strong intensity until after 2400. Maximum intensity on this 
record is from 0100 to 0600, November 4, the measured period being about 3 sec. 

The upper part of Figure 2 reproduces portions of the resonant seismograms 
having To set, respectively, at 1.5, 2.0, 3.0, 4.5 and 7.0 sec. Each band has a 
duration of 13 hours. The intensity of the recording light spot is decreased for 15 
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minutes every two hours. Owing to the slow drum speed, traces from five seismo
grams can be recorded on a single drum as shown. Further, the amplitude en
velope for a particular frequency can be seen readily, without laborious measure
ment. The bristle or brush effect results from the compressed time scale and is the 
signature of the microseism wave groups frequently observed on the faster speed 
records. Since the brush patterns are not usually simultaneous on the several 
channels, it follows that different signals are being recorded on the respective 
channels, the difference being essentially one of period. 

The resonant seismograms show a succession of events from the r.5- to the 
4.5-sec bands, beginning on the former about 2030, November 3, and correspond
ing in time to the offshore movement of the cold front. Thus, the microseism sig
nal on both the r.5 and 2.0 sec bands precedes significant activity on the short 
period electronic seismograph. The maximum intensity is observed on the 3.0 sec 
channel at the time when the signals, having a period of three seconds, showed 
maximum intensity on the electronic record. The calibration curve for the elec
tronic seismograph shows peak response of 10,000 at r. 7 sec. This suggests that 
the initial 1.5- to 2.0-sec microseism signal was very weak and that the resonant 
seismograph is more efficient in detecting such signals when close to the resonant 
frequency of the instrument. A definite difference in response occurs for micro
seisms with periods i to ! octave apart. The increase in microseism pe_riod with 
time and increasing frontal distance (and water depth) is clearly shown by the 
lower four resonant seismograms. 

It is noteworthy that the high noise level on the 7 .o-sec band does not affect 
shorter period channels and is not recorded on the electronic record, which still 
has a magnification of about 2,000 at 7.0 sec. 

October 6-8, r952 

Charts A to D in Figure 3 show the progress of adjacent marine and coastal 
weather events from the middle Atlantic states to Greenland for October 6 to 8, 
1952. Charts A and B show a steep pressure gradient over the ocean area between 
Labrador and Greenland. This gradient and related high winds weakened con
siderably during the latter part of October 7. Concurrently, a slowly-moving cold 
front approached the coast and then passed seaward, crossing coastal waters near 
Palisades (P) by 1230, October 7. 

Resonant seismograms (To= 1.5, 2.0, 3.0, 4.5 and 6.6 sec) from October 6 at 
0900 to October 8 at 1300 are shown in Figure 4. A fairly strong signal is evident 
on the 4.5 and 6.6 sec bands of the October 6--7 records (upper set). This activity 
decreases considerably on the lower set of 4.5- to 6.6-sec records for the October 
7-8 interval. During the more intense activity on October 6-7, the lines of maxi
mum deflection (giving the brush effect) generally match on the 4.5- and 6.6-sec 
bands, indicating response to the same signal. This is supported by the fact that 
the measured period on the electronic seismogram for the dominant microseisms 
during this interval was 5 to 6 sec, or about midway between these resonant fre-
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FrG. 3. Weather maps showing progress of weather events over Northwest Atlantic Ocean and 
adjacent land areas from October 6-8, 1952. 

quencies. This long period microseism activity correlates well with the steep 
pressure gradient over waters east of Labrador and is a frequent occurrence with 
this weather pattern. The long period microseisms decreased in intensity as the 
pressure gradient weakened. 

The three short peI"iod channels (LS-, 2.0, and J-.O sec) on the lower set of 
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FIG. 4. Resonant seismograph records from Palisades covering period represented on weather maps of Figure 3. 
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records (October 7-8) show a sequence of increasing microseism activity proceed
ing from shorter to longer periods, while the long period microseisms were declin
ing to background level. The amplitude envelopes (dotted lines) are based on the 
original records since lines of maximum deflection were too faint to be repro
duced. Maximum deflections on the short-period bands are not usually simultane
ous, suggesting different origin loci for the microseisms of different period. These 
short period microseisms correlate closely with the passage of the cold front east
ward over close coastal waters. 

The standard photographic galvanometer seismographs at Palisades showed a 
normal background during this entire interval. The electronic seismograph 
showed microseism activity with trends similar to those of the resonant seismom
eters, but with a lag in short period response. 

January 17-18, 1953 

Very striking microseism activity is shown on the 5.7-sec trace in Figure 5 
with a matching, but much weaker effect on the 6.8-sec band. The 2.0-and 3.0-sec 
channels are at background, indicating that maximum signal strength is probably 
close to, but somewhat above, 5.7 sec. Direct measurement on standard records 
gives 5.9 to 6.1 sec for the dominant microseism period at this time. 

The weather chart in Figure 6 shows a very intense low pressure area be
tween Labrador and the southern tip of Greenland. This cyclone is considered to 
be the generating area for the microseism storm of Figure 5. The long period 
microseisms commenced about the time the cold or western portion of the cyclone 
traveled out over the deep water area beyond the 1,000-fm line (dotted). Maxi
mum 6-sec microseism intensity was noted in the preceding case with a steep 
pressure gradient over the same region, and similar relationships have been ob
served for many other such situations. 

November 5-6, 1952 

A marked increase in signal strength occurs toward the end of November 5 
on the 7 .o sec channel in Figure 7. These microseisms declined to a fairly constant 
although high intensity level by 0500 of November 6. The 3.0-and 4.5-sec traces 
show a continuously high level during the interval and with a definite but slight 
increase (more marked on the latter) as the 7-sec microseisms decreased. Micro
seism period measured on standard records during the interval of maximum in
tensity was 6.o to 6.5 seconds, with a decrease to 5-5.5 sec following the maxi
mum. The latter probably explains the increase in signal on the middle channels 
as intensity decreased on the upper (7-sec) channel. The 1-and 2-sec bands are 
conspicuously quiet during this interval. 

The related weather is shown on the four charts of Figure 8, which illustrate 
rather typical progress and intensification for this region of the low pressure area 
indicated. According to the chart at 1230, .:-.J ovember 5, the cyclone, although of 
moderate intensity, extended from deep water northward to the coast. The storm 
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FIG. 5. Resonant seismograph record of January 17-18, 1953 showing microseisms associated with low pressure area shown in Figure 6. 
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strengthened considerably in the next six hours as it became smaller and more 
circular with approach to the coast. Simultaneously, the long-period microseism 
signal (Figure 7) began to increase, and reached maximum strength when the 
storm center and area of maximum wind velocity was just at the edge of the 
continental shelf. The storm intensified further as it moved almost completely 
over the shelf by November 6 at 0630. During this latter interval long period 
microseisms decreased while the shorter period signal increased somewhat. The 
steep pressure gradient which persisted eastward from K ewfoundland as the 
central area of the cyclone moved northward over land appears to explain the 

FrG. 6. Weather chart of Northwest Atlantic Ocean 
area for January 17, r9s3. 

continuing broad microseism spectrum after the interval of maximum intensity. 
Since the short period microseism signal (3.0-4.5 sec) was relatively uniform, 

it is concluded that it was generated over the shelf zone both preceding and 
following the passage of the central area of the cyclone. The slight increase in 
intensity corresponding to the time of passage of the intense central area of the 
cyclone over the shelf also supports this view. The generation of the intense long 
period microseisms seems to be related to the position of the cyclone when adja
cent to or at the edge of the shelf. 

It seems noteworthy that the cyclone traveled almost due north along the 
55th meridian. From this fact, and the pattern of wind-flow deduced from the 
isobars, it seems unlikely that transposition of the two main fetches (north in the 
west portion and south in the east portion) could have occurred. Thus the possi
bility of microseism generation through ocean .. wave interference in this case 
seems doubtful. 
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FIG. 8. Weather charts showing progress of low-pressure area on November 5-6, 1952 associated 
with microseisms of Figure 7. 

November 18-19, 1952 

The three weather charts in Figure 9 show the intensification of a cyclonic 
area in much the same position as in the previous case. Note, however, that the 
storm is practically stationary over the 36-hour interval. This appears to preclude 
the possibility of wave interference resulting from the transposition of wave 
fetch. Between i830 November r8 and 0630 November r9, the area of maximum 
wind increased as the intensity in the central zone diminished somewhat. 
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Fm. 9. Weather charts and standard seismogram for storm of November 18-19, 1952. 

Microseism period measured on the Palisades (Columbia) vertical seismo
gram: To= 12, Tu= 15 (lower right) increased to 8.5 sec by 0600, November 19, 
the time of maximum cyclone area. 

Resonant seismograms (To= I.o, 2.0, 3.0, 4.5 and 7 .o) for November 17-19 
are reproduced in the two sets of records in Figure 10. Maximum signal strength 
shows on the 7.0-sec band from 1400 November 18 to 0200 November 19, coincid
ing with the time of 7-sec microseisms on the standard seismogram. As period 
increased to 8.5 sec, signal strength on the 7.0-sec band decreased. 

As in the preceding case, maximum microseism activity appears to be related 
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to the proximity of the generating area to the edge of the continent as indicated by 
the 1,000-fm contour. It may also be significant that microseisms of longer period, 
6.5 to 8.5 sec, are associated with the two storms south of Newfoundland, 
whereas shorter periods are associated with the two storms between Labrador 
and Greenland. The straight isobar pattern occurring with the latter storms 
would be expected to provide much greater fetch for the development of long 
period ocean waves than would the more circular pattern of the cyclone south of 
Newfoundland. It may be relevant to note that a rather limited deep zone exists 
about 42° N. between 50° and 65° W. Bathymetric charts indicate a depth of 
more than 2,900 fm and recent seismic refraction indicates that there is about 
2 km of sediments below the water bottom. This may well be related to the 
relatively long period of the microseisms generated in this region. 

March 2rr 30, 1953 

In the seismogram at the top of Figure 11, note that the lowermost trace is 
for the longest period, in this cast 8.o sec. Following upwards in order, To= 2.0, 
3.0, 4.5 and 6.7 sec. The 8-sec channel shows a very strong signal commencing 
about 1600, March 29 and continuing for the duration of the record, with maxi
mum strength between 2200, March 29 and 0800, March 30. The quiet 6.7-sec 
band indicates the lower limit of the spectrum and suggests that the peak period 
is longer than 8 sec. The increasing signal on the 2-, 3-, and 4.5-sec channels is 
therefore related to a different microseism source. 

Reproductions of the vertical component records from the Palisades (Co
lumbia) and Benioff seismographs are shown in "B" and "C" respectively. The 
measured period of the dominant microseisms (which are poorly recorded by the 
Benioff) is 8.5 to 9 sec. This long period signal, which is not detectable until 1900 
on B and 2200 on C, is clearly preceded by the signal beginning at 1600 on the 
8.o-sec resonant channel. Also, although the 8-sec intensity continues at more 
than one-half maximum following 0800 on March 30, the long period micro
seisms become masked by increase in short period microseisms after 0800 on the 
standard records (B and C). 

The long period 8.5- to 9.5-sec microseisms are correlated with an intense low 
pressure system off the southern coast of Alaska. Ground particle trajectories for 
the horizontal plane constructed for these microseisms give elongated orbits 
whose long axes coincide in direction with the azimuth of the storm. This has 
been determined to be a rather frequent occurrence, although the microseisms are 
often masked by more intense shorter period microseisms from Atlantic storms. 
The short period microseism storm becoming prominent during March 30 has 
been correlated with a close Atlantic cyclone. The records from the resonant 
seismometers clearly distinguish between the two microseism storms and permit 
the study of the amplitudes as a function of time without interference of the 
separate signals. 
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August r4-r5, r953 (Hurricane "Barbara") 

The track of Hurricane "Barbara,'' 1953 is shown in Figure 12 together with 
a plot of Palisades microseisms showing amplitudes as a function of storm position 
as well as of time. Note that the hurricane center was well on the continental shelf 
for most of its path. 

Figure 13 reproduces records from the three resonant seismometers in opera
tion at the time. These had To values of 3.0, 4.0, and 6.o sec. Maximum signal 
strength is shown by the 3- and 4-sec channels, which show essentially simul-

FJG. 12. Track of Hurricane "Barbara," along Atlantic coast, August 14-15, 1953· 

taneous beginnings and maxima. Period on standard seismograms was measured 
at 3.5 to 4 sec. The 6-sec band differs from the others in that the signal appears 
much weaker and begins about two hours later. 

In previous cases (discussed in this report and elsewhere) microseism period 
increased or decreased when generating areas moved transverse to the continental 
shelf. As water depth increased uniformly over the shelf a direct relationship be
tween depth and period was suggested. In the present case water depth beneath 
the hurricane track is essentially constant during the interval of Palisades micro
seism activity. These observations are in harmony with a depth-period effect. 

The microseism-generating area of the hurricane was broader than the narrow 
center path and actually extended from the coast out to deep water just beyond 
the shelf. The weak signal on the 6-sec channel is explained as the response to the 
4- to 5-sec microseisms that are usually recorded from wind systems over the 
deeper water zone. The response is weak in part from being out of resonance with 
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the signal, and in part on account of the small portion of the hurricane that 
existed over the deeper water. If the microseisms were generated by ocean waves 
arriving locally, it would be expected that the longer period response should have 
occurred earliest, which is not observed here. 

CONCLUSIONS 

The study of many case histories of microseism storms having varied generat
ing sources and locations indicates that the resonant seismometers: 

(1) Have an improved signal-to-noise ratio which permits either earlier de
tection of microseism storms or detection of microseisms which may not other
wise be known to exist. 

(2) Permit distinction between simultaneous microseisms from different 
sources. 

(3) Show progressive increase in period of frontal microseisms as fronts move 
seaward from the eastern coast of Korth America. 

(4) Show definite differences in period characteristics among different regions 
of microseism generation. 

(5) Permit quick determinations of microseism intensity as a function of time, 
and show clearly the spectral distribution of microseism energy. 

(6) May, as a result of the above qualities, be a valuable tool in any con
tinued study of hurricane location by means of microseism amplitude compari
sons; this is of particular value when simultaneous storms are present, a very 
frequent occurrence in the Gulf of Mexico and in the Caribbean area. 
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