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CHIRPED HANDCLAPS
Frank S. Crawfbrd, Jr.
Lawrence Radiation Lab_oravt'ory :
University of California
Berkeley, California

June "27‘, 1969

One morning last December as I was jogéing on the o_utskirts of
_ Stéckholm rﬁy‘pafh led me pé‘st the wall Sf a lar.gé faétory. Foliowing
" an ifnpulse, I clapped my'ha;ﬁds and listened. Instead of the expected
echding handclap I heard what at first seemed to be'a sparrow emittiﬁg
a swiftvlly descending vchi'rp.' Aifer several more claps and‘chirps I
r'ealizéd that it was no sparrow--besides, where was the echo?

For the next few minutes I jogged back é.nd forth in front of the
‘factory clapping and iisténing. For levery‘ clap there was a chirp. I
realized with aStonishmén’c that it ;és as if the 'handclap were being
Fourier -analyzed and the high frequency 'compo'hents: echoed ‘ba'cv;k to
mé /.svo'orner than the low frequency, But how? Fiﬁally I noticed that
the factory wall was not flat but was made of corrugatéd metal, ';he
evenly spéced verticélly oriented corrugations having a horizontal
spacing between neighbori‘ng corrugations of about 10 cm. Therein lay
the explanation. .

The chirping of my handclap is exﬁlaihed aé follows: The cor-
rugated wall is an effective difffaction grating for sound waves. | At a
g.iv.‘en.angl.el ‘of incidence, two néighboring corruga’;ions give constructive
interférence for that anélength for which the distance from mev‘to one

’ corr'ug’atb:ion is less than that"to“the‘ next by one half wavelength. As the
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angle of incidence increases, the wavelength for constructive inter -

ference increases. Also, the distance from me to the wall segment

increases, ! so that ’the time delay ihcrease,s.: vThus I hear a descending

| chirp,

. An alternative (hut equiﬁalent) explanatioh‘is as follows: .Rather

than thinking:of the c.qrru'ga_ted wall as performing a Fourier analyﬂsivs

of the handclap into various vwaveleng';ths,' which then interfere construc-

tively for the ap"prepriate wavelength, think instead of each corrugation

a's. simply reflecting the sharp handclap hack ﬁte’ h'ne with a time delay

eoi'responding to the distance to the c'orrugatien. My ear then recevi-ves.

a rapid s‘e'q.uence of reflected >c‘1aps fr'or'nvsu'ccessi.\.recerrugations. Thus

I heaf a note having frequency vyo' = 1/T, where T is the time interval

betwe_en"cho 'successive reflected claps. \ |
Nevs; a question for the stud'ent" Do you expect the corrugated;

wall grat1ng to diffract only. in. zeroth order (specular reﬂectmn) and

flrst order (down-and-ba_ck path difference of one Wavelength), or 1n-

stead, shoula seco_nd and hi_gher-'ofdei' alse contribute signifilcantly?

In: other words shohld I hear not only a ”fundamehtal chi?rp, v =,

bp.t also a. "first o_c.tave c'hirp‘, My = Zvd, as. well ae higher ‘overtones‘?

(Assunde the shape of the c0r-r"ugations isv approxirnately sinusoidal, )
Although I discovered ”chirped handclaps' in Stockholm I have '

since found that any large corrugated building will work, 1 I have also

learned that workers in optics use an analogous method to chirp a

~ pulsed light beam. They use two pa‘vrallel plane gratings in tandem so

. that after the beam has zigzagged (via two reflections) through the sys-

tem the beam is parallel to its or1g1na1 dlrectlon, w11:h longer wave-
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vléngfhs: éAuffering‘a Iohgér time delay than shorter. (The reflections
are not specular but are of first 'c.)rde"r‘.;‘thus longer wavelengt_hs._travei
over longer paths. ) Ohe can run this process bac‘k\}vvards, starting with
‘a'l‘las'ei'-prvoduced' frequency—nibdtiblvated chirped lighf pulse having‘l-origer
wavelength at the beginning. of the pulse -thaﬁ at the end. After two re-
flections from the tandem gratiqgs thé longer }&avelengths are delayed
more fhan the shorter, so that the longer emerge at the safne time as
thé s!hortex.'. - Thus the pulse, is compresse_d in tim_e, or ""dechirped. "

.In this way spbpic_osecond- pulses can ’be obtained. 2 That is like jogging
backwards past the Stoékholm facfory, whistling an ascending sparrow |
chirp, and hearing an echoing‘handc-lap.

| I am happy to thank Margareta Wesrtman for her warm hospitality

to my wife Bev and me in Stockholm.
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This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Commission’’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
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