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AUTOMATED LOUDSPEAKFR POLAR RESPONSE
MEASUREMENTS UNDER MICROCOMI::'UTEF_ CONTROL

BY
D. ([_ON) B. KEELE, JR.

JAMES B_ LANSING SOUND, INC.
8500 BALBOA BL.VD

NORTI"IRIDGE, CA 91329
U, S. A.

ABSTRACT
An automatic POlar. pesPense measurement, and

analw, sis s_stem oontl'olled b,3 an industr,:i.'el/smelt...
business _r, ade micr, ocomPuter is deser'ibed0 A zeo
illicpoPpeeesseP balsed SlgO-buss COIflPt]t,E'P ( a [;Poiherf_c:'o
S.wstem 3 ) interfaced with a one- thir, d.-octave
r'ealtime mnal_zep e,nd remote contr, olied tupnt_bl(_
is used to s4ather' response sPectr'a st, differ-ent
an,_ies. The disk stol-ed sPeetpal dat;_ is
subsec_uentl?, snal.wzed to _enei'._te Polar./fr-eeuenc,3
pesPonse cur'ves and be_mwid th/d ir. ec. tiv :Lt_ dat,_.
This PaPep emphasizes the Pp;_ct:Lcal 8sPecbs and
PPoble_f.$ encounter'ed in development of the $_stem's
hardware and softwsr, e,

INTRODUCTION: Present d'¢s; loudsPe_l(er' hor'n desi,ln often entai].s
sPecificmtions of the desi_ed _n_ul_r be_¢rhwidth 8nd d'ice(:Livit,_:¢ o'f
the horn as _ function of 'f'reeuenc_ [1], [2]_ In o_"de_" to assess
these chmrseter'isbics of the hopn, _ det'_iled set of hor"izont'6l _nd
vertical dir'ect, io_l _ol_p measurements must be t_¢Ken bt 8 i_umbel',
Of' different fr, eouenciea 'and then _nel_'zed, If the measur, ement and
anml_sis is done manuall_ usin_ tradition'al methods [Z;], the t:£me
consumed can often run into da_s for- dust one set o'¢ complete eno-
third-octave b'¢ndwidth ver. ticml and hor'izontml Polar cur. ves_

hue to the mostl,_ e;,,Pel'imentei netul.e of ho;-n develoPemer_b,
the design c,3o].e often consists of _ lar,_e number' of "cut end tr,_"
steps with _ measur'ement of the desired Per,i_ll_eteps after, eac;,l'lsteP.
Usin_-_ mmnu'¢l methods of me_sur, ement '_nd an_lBsis,_ the time 'Ghd

labor' envolved fop even _ few c_cles is less th_:,n Pleasant to third(
abOUt,*

This PaPer' descF'ibes mn auto,ratio Polaf' test setup f'Ul'l b,_¢ a
"h'i _ h....en d" microcomputer' that con sidec _b 1,=¢ c omPr'esses the d_,¢t a
tal(in_ and analysis e,vcle.
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THE SYSTEM
The PO.l._:r i-esF-onse rfie_supemet]t s,.:Jstem b.LocK dii_,.'-JJ-._rf_ 1.s GhowYi

ir', Fi._, 1, In '_ddit:i. on to the if_ic.r'ooor_,Putep '8rtd its _ssooi_ted
Per. iPhersls_ the s_4stells includes: ;_ r'.emote contr, olled tur.nt, ablo,
cJFle.-.thil'.d.-..o(2t_ve re'_l till[e sPeetpUl'll 'sR'_iyztel'._ PinK-.'rioise .t_ener. i_l, or'.,
b_ndP_ss 1'liter,, ecmmli'aer'. _rid Power _ll_Pl:i. fipr'., The loudsPe'eKer.
urlder' test :LS ener.._i;._ed with b_nd-limited F.inK noi,_;e 8nd therl
r'.ot, mted b,J the t Ul".Rt()Ll.[ e, The ['-e L__.- t till e _;I-i_ .[5:4:E,l" w'ith i_s
rlJeesuperiieRt liCic:.l',oPhofte c__'etheps _'pec_uel'lCM I".esPoRse c;PeCtPiD while the
loudsF, eiBKer pot'etes, The ill'_croc..OlJl)'.'..u_er is used to opchesl, l'a_Le the
sustem and stor'es the Illeli_suF. ed sPec_r_ iR b '¢loPPu disk '¢'ile_

The d:LsK stor. ed sPec. tpal d'_t_ is ,4ubsecm(.,ntlu _h'_l;_zed ofF'
line to __ener_te '8 nur_ber', o'¢ ver'_:_ useful t'_b.Les and eur. ves
includ:Lns'_ norm_l:Lzed _ J'ld u ri ' 'n Ol"llliB t i 'z e d e'_'¢...8).j 'i s '_'r eJ_u eR c:._
response, norm_hLi'_ed ;3fid un..q'lorlliB.[ized alit. er. tiering1 PoLGP response
·et, F..ach frec_uenc_, 6-db..down beiurJ_wid _h versus t'r eBu eh C:'_:__ _lid
directivitu ver'sus '¢r. ec_uenc:s, 0

HARDWARE
The sustem h_,r dw'er e w_s mos ti.l:: '_ssemb.L ed 'er' om Pice'es of

e;.:istin_ test e(.miPment, 'the one riF_dor e).'eePt:i, on w8,$ i, he 'tuPr_t_i::ble
which wes custolll ill[cdc to eul' sPec"J.'¢ic;_¢tious_ 'l'h_) [,icr(J(.oitlF. oLeP ishd
its 8ssocieted I_'ei'"iPhel'e, ls were or'i_;in'_].l_ PUt'chased 8s a ,;_ener.'_l
PIJrPose (:'OBiPUtiJ'l_ devic:'E, '_'oJ" use in J,b.e _L6_[),

Tur'-n t'able
'The turn Li._bl e h'as the c._¢Pi_b'i i itu o'[' v_r'. :Li_bl e speed _l'_d

bidirectioRel oF, ef'._tioi_, Cui'.i'eJ'ft_.:, _ the e(B[ilF,uter c.81] ofl_¥_ s_i_J".t ii_l'Jd
stop the turfitDb_e 8t]d c;'bel'lf_e its dir'.ec:t:Lon, ]'he t'eble's speed
must be .set IlIBhlJeil._ der, endin,2 on the we:L_:d'it '81"id si'ze o'J' the ob Jet. t,
bet n,:4 pot_ted,

The tur'nt_ble wes built, usin!_ _ larvae '300 ml¢_ (12 irmh)
d:Lmri_e,t,ep spur ¢E,_r'- with 192 teeth _s tile r'eb;_tird4 ba. sc. Pla_teo A
Bodine [4"1 fr'aci, ion_:l (1/50th) hor. sF-ower DoC_, II10_01" w:Lth l'.educi, ion
s_emp box NiBS used to drive the L'.PLIt'" !:Jeiji"-, A _'J*hul'iJ( [5] speed
control box modified b::_ the addit:Lon of r'.el_s 'Poi'. st_r't"StOF' '_l/d
reverse w_s used to C'OlA_,Pol the JllO_OPt

Op:L¢ifi_ll'_ _i'l oPtic:"..4i SI'I_YFt Pob'it:Lol'i er_c-odel, wt;s Pl_nned so
th'_t the oomPuter' could sehse the H:Hs:i.t:i. on O'F tho tul'.i'it_,[e, Ill
Pr,_c. tice, the te[IiPePL_I"B {Jse 0_' _) tooth eount:Lr_ mieroswiLtch to the
sustem works sc) well that the euooder w_s riot heeded° The c:'or{muteJ'
simPl_ senses the oPep_tions e'¢ the IIKLePosw:J. teh _,'_ld I(eePs tf'DcK o'_'
the our. r. ent Position of the table L,u ':_ simple so'?twepe routihe_
The Positiol'linc_ pesolutiofl Pr-ovided b_:_ thi_ sustem is _,boiJt Plus OF'
liKLnus 0,5 de,?IF,ee when COUfltiri___ the tooth P_-,eKs '_rid v_lleus on the
192 tooth spur _e_r (mPPrOXimatelu 360 de_s/(2 X 192)/2 = 0,47
de_ )

Noise Gener. mtof

A Pseudo....p_ndom noise ,_ener'_top [6] with wwiable clock speed
(e W_veteK model 1S2 VCG-..Noise Gener_l, or [7]) is used _s the noise
source to Provide _ brewed b_hd test si_n;:sl, The r-ePititiveness of
the Pseudo-rmndol. noise decr. eases the r_ridom vat. tatters :tn the

levels of e_c:.h of the one-third-..oct_ve b_mds of the real time
_neluzer,. In Pcect, ice. the _eneretol,'s clock 'is set to the I'i:L_hest
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sr_eed that Provides m relmtivel_._ flet low....'Prec_uer_ou spectrum es
viewed on the reel-time _nml_zer, 'At this clock sett:i.n_ the
analyzer cmn be set to r_ther short ever_in_ times to f_c:.ilit'ate
rm_id spectral uPd'_tes,

Bmnd-_ass Filter.
A b_md-P_SS filter, is included in the s_stem to conoentrete

the broad-bend rendem no:Lse test si._nml in the desired PaSS bm",d of
the transducer being_4tested, 'This m_;.:imizes the si_n_l-to.-.noise
ratio of the s_stem while minimizin_ hemtin_ of the device bein_
tested, Two Krohm.-Hite model 3200 h'i._h or low-.PaSS filters in
cescmde ere used to form m bandPmss 'filter with 36 dB/octave filter
skirts [8],

Emualizer
A one-third-octave bandwidth boost-cut ec_umlizer is used in

the signal oha:i.nto mmximise the si_n'_l.-te-noise r.mtio in each of
the one-third--ooteve memsur,emel4t bends, The e0_uelizer is r',er,mell_
set to mPProximmtel_ fletten the on-m;.':Lsfreeuenc_ response of the
device bein_ tested, A si_nml....to....noiser_;tio of mt least 30 dB in
e_ch spectral bend for' the on-.._'xissignal is eimed for,

Real-Time Analyzer
A one-third-octave bandwidth real-time spectrum mr','_l_zer with

measurement microphone is used to me'msuPe the sPeotrei content of
the r_dieted sound, The ori_inel _nal,_'zer. used was the older Bruel
& Kdmer model 3;'_47, This analyzer' wes interfaced to the computer
through two B bit P_rmllel I/0 Ports, Currentl_ we _re us:Ln_ the
more recent B & K model 2131 Digital Fr'emueno_ Analyzer interrupted
through the IEEE 488 (IEC 625-1 ) standard digital interfere buss,

Com_uter mnd F'eriPhermls
The microcomputer used in the Polar' meesurement setup is

Cromemco [_] model Z*-*2[I with 64K B_tes of i'fi_ill _le_lor_, This
l;_icroeotl_Puteris 8 heev_J dut,_ unit inter,ded for industr'i_sl '_nd
smell-business users, l'he computer uses '_n Inte.t. ZaO
microprocessor runnin_ et 4mHz clock s:,,.eedend is based on the S100
buss, The followin_ list represents the curr'ent state of the
mierocom_.uter end ils Peripherals;

Qumntit_ Model DescriPtion Mm'_ufecturer
1 ZPU Z80 4mHzCPU om"d Cromemco
i 4PDC Disk Contr.ollerCard "
4 16KZ 16K RemMemor_Card "
3 TRT TU-ART di._italinter,fmce

cmr'd with 2 Parallel &
2 Seri'_lPorts

I 4F'IO 4 F'ort I/0 Isoleted
Pmrmllel Interfmoe "

1 PRI PrinterInterfereCard "
1 D+TAI/O Multi-Channel A/D & D/A

Anmlo_ Interface Cmr'd
1 APU Hi_h-SPeedArithmetic

Proeessin_ Unit Cmrd
(uses AMD AM9511 ohio) MemTeoh [10]

1 CTIO0 Digital Clock Card ComPu/Time [11]
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AUTOMATED POLAR MEASUREHENT!_ Cent,

2 82 MinifloPP,_ Disk Drive W'mn_co
i 277 Duml 8" I::'lo_-r._._.Disk

Drive PerSci
1 iP-125 Im_,.'aotPrinter, Inte._r.ml gmt-_

S_stems
1 :IQ120 Video Terminal SOROC Technolo,_,

Inc
1 4662 Diwit_lPlotter TeKtronix,Ino,
I 1'_50A Gr'_[,hicPsTrensla_tor Hew.l.ott P'_eKard
1 i_ilA L_r__e Screen

Gra_.hics Diseia._

TEST SITE
Lar__e test devices, which r'.ec_uir'.o_t least m '3 meter

m_._msuremerlt distance, 8re moasured outside on m L_r_e _rOLn'id-'P_i_i/e

concrete test Pad, in ever'w'case, the device under' test is r'ot_ted
so that the Plal'_e of rot_tiorl is co...Pl'ar_p (p._c811el) with the fl'_t
surface. Meesurements h'_ve beer, t'mKen both with tho test device
_nd measurement micro_hone el'_v_ted 3 to 4- meters 8bore the el'_ne
mhd with the device vert_ close to the Wround Plane (ir',this latter.
situation the microphone is mctuali,.Jl_as_in_or',the concrete)° Both
ir,emsurmont methods _iold _'..ol_r'cur'vos whic'h 8__reo c_uito well with
COl-resPondin_ memsur'emerits m'_de in _ l_r,_o mnecheic c.h'_r_,ber.The
latter test method is muite well suited to messuremerits on ver,_
imr'_e devices such 8s 18r_e low..-fr.e¢_uorlo_._ loudsPeaKer swstet[,s,

Sme_l].er devices which can be mo;_sured '_t I meter o[, Loss m"e
n,emsured in our'. sm_ll 250 Hz mnec:.hoie ch_*Y_t:,el"._

SOFTWARE
As in all automatic) test ec_uiPn,ent s_:_st,oms, the _o'l"tw_ro 'and

PPo_rammin_ beo_Bme tho most time cOnSLIl¥_irl_ 811d 18bop interisive _'ar't
of the $_stem (P_rticol_H"_ g_r_l_,.l'lics s_o'f'twel-.o), Sever_l months of
Par t-.time ProWr 8mrl_irl_ were spent in the initiel sol tWiml"e
doveloee_,ent of the d'mt'e _athel"irl!._ and '_nml,_sis _:.ortions of the
PPO_ram (arid this included onl,d trio t_bul_._r' outPUt version of the
Pro_pam with rio __p_Phic:.s! ),

AIl init:i, ml Pr'o_r'_mmirl._ w'_s done using Cr,omemcc/s ].61{ BASIC
Language, Current Pro_r_mmin._ which is homv_ with _r'a_,hios, is
bein_ done usin_ Cromemco's FORTRAN mhd RATF'OItlanguages (RATFOR
stands for "Rmt:Lon_l I=ORTRAN", _ I::'ORTRAN},,.reProoessor th;_t '_llows
Purel._ structured code usin,_ IF'...THEN..ELSE:_WHII..E,'_nd RE"'I::'EATlo_i<".
structures, etc,, see [ 12] )_ For' -d.reF.h irs Pr o_r.'eri_mirl_, 8
commercial FORTRAN $of'twmre PacKable is boin,-_used (the TeKtronix
PLOT 10 l'erminmi Control S_stem),

AIl software dovel crecY,eh t is beir',_ done r'iSht on tho
microcomputer itself (inclodin_ the writin_ o'f this raper usin_
Cromemco' s word Processin2 .softw_r.e). Heav_ uso of "to_'..down
structured" eroSramm'in-_ techni_ues is beir,_Jused in ail _ro_r'mn,mins
effort to elar, if_ ;_-ro,_rem desi_dn _r',d e>:Pidito the Pro_r'_m...-debu_.-.
modif_ c_c.le,

Dmt_ Gatherin_ Pro_r'mm
The dmtm _atherin__ _ro_t"'_mw_s written in 161(BASIC with tho
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Pro,_rar, listin_ extendin_ over ten 8,5"Xl1" r,,m_es (_lbout lek
che, r'_cters of' source code with r, em'_rk statements),

'The:, Pr'o_r_m starts b_ interact,:i, vel_ rec_uestins_ deseriPtiw:, _md
command inform_tion '¢r'om the operator, The F-cliff sPectr"el dicta is

d_t?iered et the ec_ual 8r_ul_,r'. increments selected b_ the operator,
The f'r.ec_uenc_ b_mdwith c:;m'ibe chosen '_n,4wher'.ein the ranWe o'¢ the
reel-till_e ensl _,_er _

A %_Pioill step in the data _mtherin_ operation consists o'f_

Pos:Ltionin_¢ the turntable to the reauired an-qle, turnin._31 on the
test, si£_n81_ r'enuestin_ one sPectrurls _'{'"oil_ the 81iel_d'zer'f turflili,_ o'¢'f
the test sifnal, re(_uestin_ another sPeotrur,, C'OIhPUtiul_; the sig_R_l
to-noise ratio in each one...thir'd-octeve band, al'ici storirt,_ the
sPectpulfi i1' the s/n ratio is sufficient, I'f the s/n r_tio is
inade(_umte, the s_stem will retr_ two times and then alert the

operator for' continued instructions° All d'¢ta on disk is stored in
non-binar_ eh'arc,cLef (ASCII) formi_t to allow operator r,eview o'l*
disR dmt_ without _id o¢ 8 sr,.eci_l Pro_r_m+

ge, t_ Anals..;sis F'r'o_.4r. mm
The d_tm Anal_sis Pr'.o_r_m for' tabul_r output (no ._r_Phics) was

81so written in BASIC _nd the listin ,2 exceeds 15 P'¢_es with about
30k characters o¢ source code includin,-'_ remmrl( statements°

The toe module o'f the Pro,ram mllews 5 t_sks to be se.lected;
1, List, descriptive in'Formatiori,
2_ Gener_te 'Fpeeuenc_ response d_t8_
3, Gerler_4te Polar response data,
4, Generate _m_ul_r be;_mw:i, dth d_t_ and
5+ Gener_te directivit_ d_t'a,

The freeuenc_ response and Polar response del8 _eneretion
modules allow the options o'F listin¢ the data with....or-w:ithout
ri_ht....le'Ft POle_r 8verm_in_ _nd normalization o'P _li date to the on.-
8:.:is levels, Nor'mmliz_tion of the d_t_ to the on....mxis levels is
ver_ useful ir, emPhmsizinW the directional ch'_r'¢cter,istics o'F the
device 'bein_ tested with the usu'_l rion-fl_t on-_xis fr.ec_uene,_
response et'facts bein_ c_mcelled out° Additional options allow
interactive listin_ of the freauenc_,f response 'mt a sPecif'ic afiWle
'end/or the Polar' response mt m P_rticulmr. 'fr'.ec_uen6.,_ 0'¢ coul'.se,
the complete _m_l_zed d_t_ can be Printed out et an_ time, The
bemmwidth _nd directivitw modules dener_te ;_ det,_ table with the
data listed as a function of l'rec_Llene_+

The _;iraPhics Portion o¢ the 'gcnalBsis Pro,J_l"efi_f which will
_enerate date c.urves on the digital Plotter _nd ¢r_Phics disPl_:_,
is not complete at this time and is in the development sta._e,

TEST RESULTS
l'_Pical test results o'f the measur,emen t s_stem will be

illustrated bu measur'ements t_ker, on a l_r_e hi_)'i-frec_uenc_ rad:L_l
horn and compression driver_ the JBL model 2S50 90 de_ X 40 de_

hor'.n and 2440 driver. The for. ri,_t o'f the d_t'a stored in the disk
file is shown in Fi._, 2, Fi_s, Z to 5 show some of the tabular
results o'¢ the analysis PrO_l'.em.

Setup _r,d Measurement Time
As with ell complex measurement setups, it of'ten takes more
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mope time to _et the s_stem setup than bo make the actual

measurements, The Polar. i'fieasur.ell_ent s_stem once set up can taJ(e a
set ct' Polar- measur.e_ents 8nd an81_.4ze the Pesuits in a time span of
about 30 minutes (one a_,'is onl!_ with a 5 de_r.ee an_ular, iner. ement).
The data _8thepin_ e_Pabilities ape such that _ sever.mi sPeaJ(el'
sustems (about 5 to 15 ) oa_n be measured ih a sin[le dau lon!:_ wor.l(
session_ The biO,est Pr.oblem in the setup often times ends uP
bein_ mechanical difficulties :Ln tr._in,_ to mount the test device to
the tur.ntable (esPeciallu lar._e horns),

SUMMARY
An automatic miepooomPu rep oPer, ated s_stem for. taKin_

loudspeaker- POI. er- response date was desor, ibed, The sustem has
turned out to be a time saver'. 'rep _leesupemel'lts associated witJ'i ti'lc
develoPement of high fr.e_uenc, u horns, 1'he sustem softwape design
and develoPer[mnt however, tupned out to be a major, time consumin_
t_sK ·
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*********************** DATA FILE JBL2350H .PRN *********************
**** F'OLAR FREQUENCY RESPONSE IIATA *****

NAME/DESCRiPTION OF DEVICE TES1Ei_
JBL 2350 HORN, 2',_28ADAE'TEI'_,2441 DRIVER

DAI'E
NOV. 20,78

NAMF 01": I":'EF:SON(S)DOING 'I'ESTINGJ
rloN KEEL.E, WALT DICK, DRE.W ]r_AN]:ELS

NAi"JE/DESCI:;_IPTION OF TEST Si'fE_'
OU'f,c;]:[IE GROUN[I F'L.A'II::OI:_HI::'RO_'IB&K 1

MIC TO SPIEAKER DISTANCE ANI,_REFERENCE I:'OINTS:
3 METERS FROH HORN HOUTH

MiCROPHONf- I-.lEiGH'f I
4 METERS

I'E,ST lIE:VICE: HEIGHT:
4 METERS

TYI::'E 01" TEST E:TCo:
HORIZONTAL. F:'OL.AF;:S

GENERAL COi'"it'IENTS_'
USING 1/2" l:l&l'( 90 DEG t'lI(', P'SELJDOI:;:ANI_ONNOISE

START, STOl':' I:RI:_[.IUENCIE.g IN I"lZ+ ,_
250, 20000

START, STOl::', INCREMENT ANGLES IN DEGREE,S_+
.00000, _60.00000, 5.00000

THE I:'.'OLLOWINGTABULATION AT EACH ANGLE LIS18 TI-IELEVEL IN
DB SPL AT EACH 1/3RD o[YrAVE CEN1ER FRE[_UENCY STARlING
Al' 250 HZ AND ENDING AT ::!0000 HZ.

ANGLE= 0 DEGS.
79+2, 82.8, 82.0, 84,0, 87.2, 86.6, 85.8, 84,4_ 82.6, 85.2
85+0, 84.8, 85.6, 87_0_ 86°4, 88,2, 89.0, 90.0, 88.2, 81+6

ANGLE= 5 DEGS.
79.4, 8'_.0, 82.2, 84.2, 87.4, 86°4, 85,8, 84.4, 8_.0, 85.6'
84.6, 8_.0, 85.2, 87.0, 88.6, 8B.S, 89.8, 90.4, 88.8, 82.8

1

ANGLE:=:180 DEGS. t
80.8, 78.2, 79_8_ 7'7o4_,73.0, 73.6, 72.2, 66_0_ 64.4, 67.0
65.0, 57.4, 58.0, 55.6_ 54.4, 50.4, 50.0, 50.6, 50,0, 50.0

t

ANGLE= 360 I:IEGS0 t

79.6, 82.8, 82°4, 84_4, 87.4_ 86°6, 86.0y 84+6, 82.8_ 85+4
85+0, 84.8, 85.4, 87.0, 86.4, 88_4, 89.4, 90.4., 88,6, S2.n

Fi_+ 2. Formmt of stored dmt_ file thmt is c.reated b_ the
measurement s_stem's dmt_ e_therin_J Protropin, The listin_ 'is an
_otuml Printout o_ the dmt_ _'i1¢.: _or the horizontei POlar
memsurert,ents taken on m lmr_e JBL rsdiml horn mhd driver (model
2350 hor,n mhd 2440 driver>. File is stored in m non-binmr,_ ASCII
text formmt to fmoilitmte oPermtor review of file conten_s withouts_eoiml utilit_ Programs.
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********************* POLAR I:H.:SI'Of_I!,L. L_WIA ********************
RESPONSL LfA]A FI,,'OH BO'IH '51BL'd IIAVL, BI'J..N AVL. RAGL. LI_
F'OLA[._ I.,_I:_SPON'_.ff'!JIIAVL B':.k.N NLH,:HAI...,I.ZL.L_ '10 OI,l AY,I,g VAI.,UES,

F'f,:EEIUENC Y= 261 HZ
LLVI.:I_ IN iJB, 'd'lAl<'l A'I 0 iJ[(;S_ I'..NI.F A'I 180 ld...G'do 'I.NCI,_[.HIzN'I: ',._ BEGS,

,0_ ,0, ,.0_ '",2_ ' ,¢_ . '1.o0_ 1o3_ ";I._6_. 2_.4, ''_.9
'"3,3_ -3,8, -..4.,6_ '"5_0_ .t,_9_ "6,6_ 7o'6_ .li_l_ ' 8_O.J -9,0
.8,4, 7_6, ...6.6_ .'5+S_ . _o?,, . 3_6,_ 2J, J,, :l._8, .t._0_ ' _4

I"PEQUENCY=- ,:;16 IIZ
LEVEL :ti*,/ IJB, S'IAI';:I' A7 0 IJI._/.;S_ I:.i',lD A'I 1.80 iJL(4'4, :I.NCIdi. HLN'I= ',., I.tI..GS_

,0, ,1., -"_2, _7, ' 1_2, -'2_0,, ' 2_'/, ' 3_7', UoO,_ '6°3
....7,4._ '"'8.?'/--lO_._-J.:!._,_.J_-:l.i_9'_"':l.:_?'l ' .I.4._;",-:L6_t:, 1(.>o9,_ J.6,U

'"l/_4-,--J. 6,8,-'J. 5_,5,-14. o2,-'12_5'J"11,'6_' 1.0_1', 9_',:,', · U_6', 7_7
'"6_9, '"'6,2, "5_6, -'b_2, 4. o9_ ' .¢_7_ '.4._6

I'tdzC_UKN[.;Y= 39[:f HZ
LE. UF.I. .I.N IJl.<_ START A'I 0 I.H:::G'd_ DNU A'I .I.O0 l)l_l:!J_ :I.I*,ICRL. HLN'I:. ',., I.H..G'[:;_

,(I, ...._2, -°6, ...:L+:l., -:1,.7_ "2o8,_ '4_0_ <1o7, '6_3,_ '7_7
-"8,6,-':1.0,3,_ :I.lo:I._--I'2<I,"':I.S_O,' :1.3_9_ :I.4oU_ :I.5oU,' 1.6,S_' 16o$'

"'I8,i,'"'18+7,_'.I. 9o6,'19,3_".H.I,:I.,"16,D,' 13,s'_ .I.:1.,8,,' 1.0,i_ 8_0
."6,6, · 5_4., "4o2_ 3,5, . 2,9_ - ;.',dr -2,4.

/
F'PL(.,qJLNC Y= /9.4 IE/: V

I_Ebq:l... ]:N I)I::_ S'IAR'I AT 0 I:IEI:.;S, [:hl:_ A'I :i.UO l.l[:(:;f.;, 1NCRI..HI::N'i= U l.ll..{:'do
o0_ ....,3, "':J. ol_ -2_0_ -2,8, · 3,S_ .-3o$', ".<l,b,_ L,_4:, 6_b

'-8,0_-10,0_.-11o5_-.12o9_- t. 3,7,. 14_7_. J.4,9,_ :L',],4,_. 16_0_. J.6,6
"18,3_..:1.9,4_ 1.9_9, 18_t;_. 17o2,. :16_3,_..16_6,..1.7,4,_- 1"_0._ :1.5'_6
-20 _ I ,-.20. ¢,'"19_0 ._--17 <.0_'-:14 o 9,- .L3o5,. J.3_ 0

/

f I,,'L:QLJENCY= ',:98]. IIY '_

LI.zVE.I.. li*,l 1)B,. S]AR'I AT 0 1JI.::G!.._oI.N:U A'/ 1,U0 ilLl:lL;_ 1N(.;Id..NLH'I= ',., LII..GL_,
_()_ '"o5_ o0, <5, - .I._O_ _3_ ,4._ ":1._'3_ -3°5, '6,S

-9+4_-:l. 2,b,;..14_6,. 16o4_.17_6._ 1,".J_4,_. J.<;.:,,_' .L?+'/'_ 21,1,' 21_;'
· 21,6_-2:1.,7,- 22o9._- 22,5_..23o6_ 2S_1_ '24_5,"26,S,_..2U,b_...26,4.
....26,.4_'-.',:!7,6,-27o6,. ?.',:_ 4._ ' 27,b_'-'28o0 _.-27,D

/
FF"I:.QUI.:.HCY'- 7</4 3 HZ t
L.E:VI:::I.. IN bB, S'IARt A'I 0 1Jlz.f_;',:i, I.::N1J itl :l.,'JO ZH_.GS_ .I.NCh;I::.HLN'I= ',._ I.fi..E;So

,0, ,3, _7._ -':Lo3_ "2_7, ' 5,:1._ ' 6o4, 7_2_.:1.0,0_ ':1.3,9
' 17_7_' /<.!1,8:, 2L:,E:,_'-i._',Jo2,"27,9,_ '27,,1_'-26<6_. 2[f+:.!,_. 2U,.3_' 2?,0
....29+</,"'3:L,2, - 32,D,_ 3:1._8_-S2_7,;' b3,6,"::_4_0_' 3U,6,; S4._8,"Sb,6
....36_3_"._7_0,' 36,6,'"37_5,;' 37o::_. 37,0,_' ?:,7_9'

+FRE0 UE f.ICY = J.L,'.I4.? I'IZ
LEUEL. 1N l)lJ, S'IAR'I A'i 0 1.H:f_,":_, I..NL_ A'I 1UO L_L.G'J_ ]i',fC[':LHI. N'I= U IJI.:.(_S_

'-'24,7_,-29,4.,_...7J2o6,- S5_2,-:J4_$',. :_,b,S_. 7.,.¢.,?_.36,.6:, S7_3._' 3t'o2
.38,-¢,. ;:,g,4,_..3/lo4.,,..LSt:od_-.L',t_,¢,, L'..O_.¢_ 1:0<.1,. 7.',(.'o,1:,. :';:.j<_:, S(.,'_4

' 38_4._' SC:,4'_"",_0,._ ,-3U_4,'"::_8,4 _..-3U,,.<_,. 3U<4

F:'i_.:_, 3, E,-¢a_mk:'J.e o'f the t,a;l:,ul;:_' output, o[" thc' da_t_ amf.Lt!.¢s:i.s
F,l'O!._l'a)l:J 'FO[" kbs:, F'O.[DI" Pt::'!::.I'OnSO OJ' the hOl"h i_lid C.Jl":J.V&,l'· (JBL II_odc.?l
2J50 & 24.40) wl"_ose J:_c,i:!::.upul_ent r.i_;tii: i!;: ;;hown in f":i.! j, 2_




