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rORSVQRO 

Thía report vas prepared in the Kmrlromental Streae Branch of the 
SÜüi!!? ?iTi8ion* ^«"ioral Science. Laboratory, Aeroapace Medical 
R!*l*rf>‘ L*b°r"tor1<l‘. ProJ.et 1710. T.,k 171002. TerfonMnc. Effect, 
of «Tirormental Streaa. The reporta deacribed were ccnpiled by Miaa Carolyn 
Custer who alao wrote the firat draft aunmariea. The final draft aunmariea 

ÜntJÜTÏ? W* 06811 Chi1*«* iAt. Robert Buckhout made a nunber of 
contributiona during the time when the reporta were being acquired. 

TheaB eumnarlea were prepared with the primary end in riew of proridin« 

the “i16“1 infon,,ation a'wut the performance effecta of 
ole-body ribration. Thia information was needed both in planning the re- 

thf fnTironm«ntal Stress Branch and in assisting members 
at baat answers to questions posed about Air Force 

.n™ "rr*» wiih,the mrtioa ot thre* -ír 
rîHÏÎrîli L J0“ î°ler,ince («ubjectire or medical) our attention 

inweatigationa that dealt exclusively with the 
T*br*tlo,‘ “ ln ^ p.pfomanc. ... »«»crcd .. . 

^ 0. P««. 211. lnclui.4 to f.clllt.t. cro.. cocparLoD. 
Í1 1 f ^8800^ th8 at«diaa were listed in that table under 

the two general headings that provided sufficient numbers of entries to make 
such comparisons meaningful. 

ABSTRACT 

with thí“»^!1^ ^ * ao"pil8]lon of aunnariea of published reporta dealing 
® ®Ct® °f l0W high-emplitude vibration. 

Tw® f*f*8rch ^acribed in each report is covered as fully as possible as regarda 

MDli«biÍÍÍÍ0LBIÍdeí t0 6T8lu8t8 thc inT*atigations with respect to their 
îffüt! Air Force operational human perforaance problems and research 

not discussed^^such* " ^ °f th® rePOrt8 f°r Alr r°rce prob1«8 ^8 
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▲ahe, W. F., Phyalological and Pathological Effect« of Mechanical Vibration 
op Animal8 and Map. National Inatitutea of Health, Vaahington, D.C., RF 

Project 862, Progreas Report No. 3, September, i960. 

Purßose» The physiological, pathological and psychophysics! affecta of 

▼ibrstion on groups of rata (Section I), of dogs (Section II), and of human 
aubjecta (Section III) were investigated. 

Method. Section I describes research which included the testing of unrestrained 

rata for physiological response to varying periods of exposure (1/2 - 6 hrs. 

daily for up to 45 days) to horizontal sinusoidal vibrations of 5, 10, 15 and 

20 cps and vertical of 5, 10 and I5 cps at a constant amplitude of 0.25-inch. 
Measures of food and water intake and of bodily excretions were made along with 

body freight. In Section II, a description is given of research on unrestrained 
dogs tested under similar conditions. 

In Section III of this study, five unrestrained human subjects were subjected 

to various levels of vibratory acceleration to study the differential effects of 
frequency and amplitude of vibration on performance. The frequencies used were 

2, 4. 6, 8, 11, and I5 cps, respectively, at both O.O65 and 0.13-inch D.A. The 

accelerations in g's at 0,065-inchea D.A. were O.03, 0.10, 0.23, O.41, O.77, and 
1.44; Peak accelerations at O.13 inches D.A. were 0.05, 0.20, O.46, 0.82, I.55 

and 2.88. An electrically driven mechanical shake-table provided the source of 

vibration, and subjects were seated on a non-damping chair with a backrest. The 

task, two-dimensional compensatory tracking on a light matrix (see ref 7 ). was 

performed during two five-minutu intervals of a 20-minute vibration period* and 

integrated absolute error scores were recorded. Oxygen consumption, respiratory 
frequency, tidal volume and minute volume measurements were obtained from 5 

subjects tested under similar experimental conditions by means of a modified 

Air Force pressure breathing oxygen mask. GSR and body-surface response measure- 
meuts were also taken. 

Re^ult^. Food and water balance studies of unrestrained rats exposed to hori¬ 

zontal vibration showed no consistent differences between experimental and control 

groups. Similar studies in the vertical plane of vibration showed a decrease 

in food intake and fecal output on the first day of exposure but subsequent 

exposures produced less effect. Integration of the pulae pressure curves of 

dogs being exposed to whole-body vibration indicated that a email decrease in 
blood pressure occurred during vibration. 

Each of the 5 human subjects successfully completed the 20-minute exposure 
to all of the 12 different vibratory accelerations, even though the severity of 

the vibr«Uon under some of the conditions was near the limits of tolerance re¬ 

ported by other investigators for firmly restrained subjects over shorter time 

periods. All 5 subjects were able to perform tka tracking task; however, there 

were performance decrements at all frequencies at the higher (0.13-inch) amplitude 

level. Two subjects reported feeling exhilarated during the higher amplitude 

test." (0.13-inch), and all reported feeling exhilarated at the lower anplitudes. 



of í *06^’iîfh J*Al.leTel there was * Perfo™«nce decrement at frequencies 
TJh ? ^ abîTà* *rr0r 8Corea of «»« subjects showed improvement at 
L!îît^^CP"Laîî c®®Paris°ns of tracking error acores for the control, the low 
«nplitude and the high amplitude conditions revealed a slight overall imorove 

of a bowed1 th^ef ficta 
frequency, anplitude and their interactions to be highly significant. 

^<?e!P\r,lt0,ry fr®quency incr®ssed significantly at I5 cps at the O.OéÇ-inch 
™MiíatorÍer!Í’ Tt ^ “ conBÍ8tçnt ^ough not significant increase in 

^ durlng ccBÇíensatory tracking. Tidal volune was not affected 
eofditiír^e7 at * °*o65-inch D.A. condition, under the higher amplitude 
í tíf fr*q??Qcle* of 6* “d 15 cps did produce a significant increase (the volume at 11 cp8 was twice that of 6 and I5 cps). “^ani increase 

IS frequenCy x tidal ^1»“®) increased slightly at 
Á, 20X *t t ¿?*5'ÁnC At the 0#^3*inch D.A. lawel, the incria:. 
tween wnf,» q>s.,r‘d at 11 “d l5 CP8- Correlation coefficients be- 
«*«e îiinînT r -cceleratlon. minute volume and velocity, and minute 
volume and time-displacement wore between ,80 and .90. 

*kl?.r'*ut“ce “•« •! lei ted, there «peered to be no 
reletlonehlp between the nplitude of tbe OS) end the rlbretory intensity. 

•f .«££““«2 Tibrati°" “■ ^ «»p—• 

<l) rlbMti«1 forol¡1* ,lbr*‘l0“ “f produce three-dlmenelonel ekln 

<2) nn^Iî‘íIw^^,T;cl•;•th* rt6r*tion »«' »• i«o.t noma to ». line of vertical forcing vibration, 

(3) The resonant frequency for the body is about 5 cps; the torso 
shoulders, head, thighs, and legs resonate in this order with'a 
range of approximately 4 to 7 cps. 

U) S#tÍhÍl°«fiíÍ%a,,,plitUde °f “oveœent of PoiDts over adipose tissue to table nplitude may, es a result of resonance, exceeded 4, 

(3) Individual differences must be considered. 

U wa* that minute volune is related to the intensity of 
' 1fre8pacîlTe of th® Talue of any particular component. The increase 
TOlun® ^81, Tlbration is said to result from an increased tidal 

‘tîrr Jr rat0ry ff#quency ^8181118 relatively constant. The authors 
Srîîü « this increase in tidal volune is related to the mechanical forces 
the inïîlati“! PeprMent any 3l«“i«cant physiological control over 

.. .Wlth "«P««! to tracking, the authors concluded that nplitude was a rela¬ 
tively more important performance detennlnant than frequency. 
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2« Besco, R. 0,, Thi^ Sffecta of Cockpit Vertical Acceleratloaa on a Piloted

Tracking Task. Report ^To. KA-61-47. North American Aviation. Los Aagelsa, 
California, 13 April I96I. Presented at the Midwestern Psychological Association 
Meeting, Chicago, Illinois, 6 May 19^1«

Purpose. Deteraination of the effects of cockpit vertical acceleration on pilot 
perfomance during a closed loop, one-dlmensional (pitch) tracking task.

Method. The 'Pilot Operated Dynamic Flight Simulator* was used with an analog 
computer which was programmed for control actions. At the maximum rate of move* 
ment (12 ft per sec. for 5 of excursion), the frequency response is 11 ear 
and produces an acceleration of 3.3 g's. A 3-inch CRT, a *g* meter, and a 
green light (illxiainated when pitch errors v,-ere less than 1/2 degree) were 
mounted in the simulator. Auditory and visual cues outside of the simulator 
were maximnlly reduced,

A compensatory tracking task of aircraft pitch attitude was presented to 
four highly experienced test pilots after pre-test practice sessions under the 
followir^ conditionst

(1) Four conditions of motiont

(a) No motion.

(b) Aircraft response motion only.

(c) Aircraft response motion plus low turbulence (FMS value of 
2 ft per sec.).

(d) Aircraft motion plus high turbulence (FMS value of 4 ft per sec.).

(2) Command signals at low, medium and high frequencies (.008 - ,139 cps).

(3) Command signals of low, medium and high anq>litude (1.3 ~ 4«3°)«

(4) Replication after one week.

Results. Analysis of variance of the log PMS errors in pitch attitude showed 
the effect cf motion to be significant at the .01 level. The introduction of 
subject-controlled cockpit motion enhanced tracking ability. When turbulence 
(i.e., motion extraneous to control movement) was added, tracking performance 
deteriorated significantly.

3* duckhout, R., C. I. Goldsmith. H. Sheraan, and P. A. Vitale. Research on Motion 
Simulation in Ground-Based Mission Simulators. MRL Technical Report (in press), 
6370th Aerospace Medical Research Laboratories, Wright-Patterson AFB, Ohio, 
August, 1962.

Purpose. An investigation of several possible motion simulation techniques to 
detenaine which, if any, would contribute to the effectiveness of ground-based 
trainers in promoting transfer of training.
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Method, Three groups of 12 subjects were trained for 12 two-minute trials on a 

one-dimensional (pitch) tracking task on the Gruman Motion Simulator under three 

treatment conditions. This simulator is capable of Tertical translation (36* DA) 
pitch motion (115°), *nd roll motion (Í300)» Th® three training conditions were 
as follovsi 

A - Static - No motion stimuli, 

B - 33X random buffet motion - I/3 of the amplitude lerei of condition C, 

C - Random Buffet Motion - (Vertical) FMS gust relocity of 3 feet per 
second with peak power occurring at 1 cps. This treatment simulated 

high-speed, low-altitude flight in turbulence. The subject had 
closed-loop control orer motion. 

All subjects were securely restrained during the trials. Following training, 

all subjects were transferred to the criterion test condition (Condition C) fo^* 
four trials. 

Results. Tracking error scores were higher during training for the random buffet 

conditions. However, when tested under Condition C, subjects trained statically 

had significantly higher error scores then did subjects previously trained under 

random buffet conditions. It was concluded that simulated motion during train¬ 

ing promotes transfer of training to the criterion condition (simulated low- 
altitude, high-speed flight through turbulence). 

4. Buckhout, R., gfiectg of Whole-body Sinusoidal Vibration on franan Performance. 
(In preparation as an AMRL-TDR). 

determine the effects of low frequency sinusoidal vibration in the 
tolerable range on the performance of tracking, pattern discrimination and re¬ 
action time tasks. 

Method. Objects were tested on an electrcmagnetically actuated shake table 

equipped with a standard aircraft seat; they were restrained with a lap belt 

and shoulder harness. The perforaance measures were Integrated error on each 

dimension of a two-dimensional ccmpensatory tracking task using a side-mounted 

control stick, percent correct judgements as to whether successive psirs of 

patterns presented on a 6x6 matrix of lights were the same or different, and 
response latencies to three randomly illuminated warning lights (one central 

and two peripheral). Vibration trials were 5-minutes long. Three trials were 

given on each test day with 1¾ minutes between trials, and a 5-minute control 
trial was given at the beginning and at the end of each session. 

The frequencies and amplitudes of vibration used were 5 cps at 0,20, 0.24, 

and 0.28 inches DA; 7 cps at 0,12, O.14, and 0.16 Inches DA; and 11 cps at O.09, 
0.11, and 0.12 Inches DA. The amplitudes for each frequency represent 25, 30, and 
35 percent of the one minute tolerances (using a linear interpolation) for these 
frequencies as given by Magid, Coeimann, and Ziegenruecker (ref 14). The peak g 
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forces at 5 cps were 0.26, 0.3I, and O.36; at 7 cpa they were 0.29, O.35 and 
O.41 g'a; and at 11 cps they were 0,55, 0.66, and 0.77 g's. Each subject ex¬ 
perienced each of the 9 frequency-amplitude conditions. The 8 subjects who 
served in this experiment had also served in a preliminary investigation which 
was essentially identical to the presently described study. 

Results. No significant effects were found for the pattern discrimination task. 
Although some vibration versus post-vibration reaction time comparisons showed 
significance, no clear cut trend was apparent in the pattern of results of the 
statistical tests. With the exception of the middle amplitude level (0.11 inches 
DA) at 11 cps for horizontal tracking, all vibration trials yielded significantly 
higher error scores than the corresponding post-vibration control trials. The 
minimum increase in tracking error under vibration in the vertical dimension was 
34*. the maximum increase was 74*; the minimum increase in horizontal error was 
10* and the maximum 48*. The greatest decrements were found in the vertical 
dimension at the 11 cps, highest amplitude condition. 

Apparatus problems invalidated the measurement of integrated output g as 
recorded at the chest in this study. However, in the preliminary study, com¬ 
parison of the integrated input g levels (recorded on a rigid support at chest 
level) and output g levels showed amplifications of 3.75, 2.32. and I.47 at 5, 
7» and 11 cps respectively. The highest absolute output g level was at 11 cps, 
the next highest at 5 cps, and the least at 7 cps. This was also the ranking 
of performance over frequencies from worst to beat. Thus the author .suggested 
that the direct mechanical effect of imposed vibration through the amplification 
factor may be important as a deterainer of tracking performance. However, tLi > 
relationship did not hold up over the three amplitudes within a given frequency. 
At both 5 and 11 cps, the tracking error scores for the middle mnplltude con¬ 
dition were lower than the corresponding error scores for the lowest amplitude 
condition. 

There was a definite indication that the tracking perfonnance under vibration 
was superior in the second study an compared to the preliminary study, even 
though the subjects had reached an apparent asymptote during the training trials. 
Thii suggests that subjects learn something about coping with she vibration with 
experience. 

3* Crook, M. N., A, C. Hoffman, N« Y. Wessvll, J. W. Wu’.feck, and J. L. Kennedy, 
Mfcct of Vibration on Legibility of Tabular Numerical Material» Experimenta 
1^_4. AercMed Laboratory of Wright Field, TSEAA-694-IF, Wright-Field. Dayton. 
Ohio, ATI 6672, June I947. 

Crook, M. N., G. S. Harker, A. C. Hof finan, and J. L. Kennedy, Effect of Vibration 
on Leglbllity of Tabular Numerical Material» Experiments 8 and 9. Aerd^Ied 
Laboratory of Wright Field, WCREWD-694-I. Wright Field, Dayton, Ohio. ATI 139063. 
October I948. ^ 

Crook, M. N., A C. Hof finan, N. Y. Weasell, J. W. Wulfeck, and J. L. Kennedy, 
Amplitude Thresholds for Visual Perception of Vibration. Institute for Applied 
Experimental Psychology, Tufts College, Massachusetts, Memorandum Report No. 
694-lR, February, I949. 
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^ro0^* # G» S. Harker ▲ c Hr r 
SLlfpa-mt ^I^no,,, Bright».«; "f 

¿p K *¡¡; for Ann! i^4 T | T i ■ .li.r^^f1. B d1ni7‘ 
««Port No. 6246. ATI 92222. Sept Jb^ ^: 1'“ta «>.3. 

Purpose. Studies of the 

iliumination, type spacing and type Sze^n^is^r10“ °f the 7laual field, 
reading of nunserical materials. ^ 11 acuity a« indicated by the 

«»ley Prîïïr^Lldb!>îw^a0Îb‘h^££,“'^ ““ produced by the rotation of 
stimulus Bh99ta were 4i inches aounr« ySS and the 8tljnulus materials The 
the eubjecta* He. of ,1^, " I i¡¡ 8 Portion ni™.!^o 
parent brightness of the stimulus materiel ^ 1“chea fran tlie «yes. The ap- 
tions of crossed Polaroid filters poaitÍMedWhVdJUSted by the relativ« orienta- 
materials. Ambient room illumination i etween the «yes and the stimulus 
«lúea were determined by Ma^h ilWnc^teT.0011^11^* The tightness 
perimenta. Visual performance waa aanes a * r«sdings made throughout the ex- 
Wlrln« aubjact. to dlac^ta wb. ^r t'h.T’ °f th' by ^- 
th. aame or dlffarMt. In othar. aubíLÍÍ ber“ °f * P»lr ot aiglt. vara 
«a apeclfy .hathar tha aio: prcaantad yftfc tk r',ulr'a to add thraa digita 
o azparljaaBt ««lo« th. thr.aholda for the” ,Mrd 

P^Parant -ad ln thac. ,.. 

EÍ!har*l*tlT*lr PPTaaPrable oondlUona-Tt“0^ !l5UBl Pafíantanc. axcapt 
.Ä:*“ad Cl°“ 'PP* •Pacing. Ct^hSui foí?' ai”a' l0* apparent 
sensitire to frequency of the ribration Zu v for aPPar«nt Tibration were 
highar fraquenelaa »d at l»,r brightn^«^ ^‘““Uy. a. 

6. Dennis, J. p. The Eff«7t rf yu i o , 

upon^pawl^^acõuracy‘of w.d^ng'ífgítá.0'' * °f «'’«‘»ff condition. 

n.Mad on . 2 di,!U nm,>“T’ »»Ha 
5 minutes at a distance of ICIO* E«ñh xi ^^1,8 «ubtended a visual an«le of 
«•eh aaaalon oon.l.tad of a ,tî«; trial te*"d 08 “a aaa.W 
trial, «other static trial a ■»,—.i 11 d by a "^ght" »ibration fo p«;o i 
...tic trial; dur.tiwta of1 trîala^erè J'f*'1- <0.500 «J. Ind . fLlf S) 
IsTels of -light- vibration ( frequ^ciea ía Pr Each ^ waa a*P°sed 6 

mnïlÏOs0*00>lnCh) ^ 6 l8T«l^of -heavy^ÍSíaff0“ ^27 CP8; - 0.1 
amplitudes were 0.1 inch to 0.003 inch) hí!j ÍOn (fre<’uenci«« of 7-90 cps; 
to measure g level at the head. ch;* A he»<i mounted accelerometer was uLd 
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BâSãll- A 6 X 6 Latin square analysis of errors, response tines, and head 

movements was employed. Visual perforaance was significantly affected by all 

conditions under "heavy- vibration (O.50 peak g) and at all but one condition 

ciL ^ r á vibration (O.250 peak g) (p<.05). Heavy vibration in- 

by 2¾ eRnnnnOVeM8t8tíC soadltio“8 ^ Liáht vibration increased errors 
(Lt*< ^ o*® lncreased 3¾ under light and 10% under heavy vibration 

8i®nificant)' Rate of change of acceleration of the head correlated with 
adjusted mean error scores, r . 0.6I. This relationship was not consistent over 

h8i^eriinental condition8« Tbe results indicate that subjects under vibration 
would h„e trouble reading an object of 5 minute, of „c Jer loü lil JÍÍIuÒn? 

HÜyüTaS' /- w83 c°acluded that the ritual perfomanc. effect, of vibration 
can be offset by reducing vibration at the head, and it was hypothesized that 
improved lighting conditions might improve visual perfonnance^ 

G: N: Koover' and w* F- Ashe, "Tracking Perfomance During Low 
Fzequency Vibration , Agrospaçe Med., Vol 32 (9), pp 629-835. September,^961. 

Pufpçse. An exploratory study of the effects of amplitude and plane of vibration 
on tracking performance with a vibrating versus a static display. 

Meth2â.. Four subjects, two pilots and two non-pilots, were tested for two An 

a1/ Utr *n r W diff'r"-' c-Ln.tliu/if* slDusoldai ribr.Ucc 

fo ot? U- 7- ‘Di 12 f»ur ^»1' «nplltud«. 
anii I250 «“■i three planes of vibration (vertical 

ongitudinal ( front-to-back), and transverse (side-to-side) ). The sublecta ’ 

were seated on a minimum damping, wooden contour seat mounted on a three-deirree«,- 

c -freedom shake table. The maximum peak acceleration to which the subjects 

were exposea was 3.63 g. The subjects perfonned a two dimensional tS^ing task 

TheC?i°^aÍt tí V * 9 matriX 0f li8hts 8nd a floo^-“ounted control stick 
The light at the center of the matrix was white and the concentric ajuares S 

r.biT.f fh:t‘n^aÄ— 
Sgjult?. The data of the two subjects who were tested with the moving dianlav 

“ír.Ho¿a°al/alS 01 effects în "l in.Îyiï^crc 
error lid Ü frequency, vertical tracking error, horizontel tracking 

main effect Tha ^í^ di!cufsion) we aasua5e that Plane of vibration was also a 
mam effect. The decr«nents in the vertical and transverse planes were 1,™ 
whereas those in the longitudinal plane were small and not signinc^ï Tht 
order of decranent as revealed by tracking error from least to gre^i wll the 

following: (1) vibration in the longitudinal plane had no signifient effect 1 

horizontal or vertical tracking; (2) there was some decrement m h^Loimi as 

wel! as vertical tracking when vibration was either vertical or transverse- and 
(3/ control was poorest for vertical tracking with vertical vibration. 



Frequency was found to be leas important than amplitude in producing 
decrements in performance for any giren plane of ribration. 

Performance with the static display at the 0.25 loch D.A. was significantly 
poorer than the attached display in the majority of combinations of frequency 
and plane. 

8. Gorrill, P. B. and F. W. Snyder, Preliminary fltudy of Aircrew Tolerance to Low- 

Frequency Vertical Vibration. Document No. D3-II89, Issue No. 36, Boeing Airplane 
Company, AD I55 642, 3 July I957. 

Purpose. A determination of whe jud^nents by alrcrewmen of short term ribration 
lerels, and of the effects of ribration on risual-motor performance. 

Metk2â. The apparatus consisted of a B-47 seat, a control colunn and an os¬ 

cilloscope. Two seta of can-generated error signals were displayed as horizontally 
and rertically moring pips on the oscilloscope. Sinusoidal ribration in the 

frequency range of 3 • 30 cp® with input accelerations up to approximately 2.5g, 
were used, with the intention of simulating the characteristics of those en¬ 

countered in high-performance aircraft. Amplitude at each frequency level was 

increased while the subject performed the tracking task of nulling the pips; the 

ribration was stooped when he reported that the mnplitude had reached each of 
the following subjectire descriptions! 

(1) Threshold of perception. 

(2) Definitely or easily perceptible. 

(3) Irritating or annoying, 

(4) Maximum tolerable for continuous operations. 
(5) Intolerable. 

Each of the fire subjects (pilots) were giren static pre-test training on the 

tracking task to a criterion lerel, and the testing conditions were randomized. 

RgjpiJSj. The subjectire Judffaents indicated that the lowest tolerance levels were 

in the range from 8 to I5 cps. An efficiency score for the trscking task showed 

significant decrements to occur at I5 cps and at 1.5g. The more extreme Judgments 

(vibration levels, 4 and 5) were accompanied by the poorest tracking performance. 
Howerer, between subjects variability was quite large. 

Discussion. The authors offer the following conclusions! 

(1) Sinusoidal vibrations of 0.5g and greater, at frequencies in the 3-30 

cps range and greater should normally be avoided (at 15 cps, acceleration should 
probably be less than O.fg). 

(2) At higher frequencies (15-30 cps), up to 2.0-2.5g can be tolerated 
safely by some individuals, indicating a short-period emergency maximum. 

8 



9. Hornitík, B. J.t The Relfftlve Effects of Noise and Vibration Upon Simple Reaction 

JMuar?Ll96l°rt NO* 132’ 0O8troin Research Laboratories, Milwaukee, Wisconein, 

giäiafifii» À study of the relative effects of noise and ribration upon simple re- 
action tine« 

Five mal- and three famale subjecta. aged 18 - 26 years, were each tested 
under four experimental conditiona in counterbalanced order. The conditions veres 
Ul control (no noise or vibration); (2) noise alone (8? db.); (3) vertical 
vibration alone (3.5 cps at 0.30g); and (4) simultaneous noise and vibration 
r;?“10-2 “d 3 conbined). The reaction time task required subjects to respond 
0 he onset of a red signal light. During each twenty-minute session 40 signals 

were presented; the interval between signals ranged from 6-80 seconds. 

Smliâ- No significant difieren c e was found in the effects of the four con- 
ditions which confirms the results of Schmitz et al (i960; that noise-vibration 
conditions have no effect on reaction time except inmediately on cessation of 
vibration. It was also determined that there were no temporal trends in re¬ 
action time in any of the conditions. 

10* !?* 33» BffgCtB Tregtqr Vibration on Work Perforaancu. BRI Report 
No. 131, Bos trem Research Laboratories, Milwaukee, Wisconsin, .^une,196l. 

Si22oae. Identification end specification of the types of vibration inherent 
in tractors in motion. 

Method. Thirty male subjects were tested for one-dimensional (horizontal) ccm- 
pensatory tracking ability, RT, visual acuity, foot pressure constancy and body 
equilibrium. Ten subjects were tested under vertical vibration (0.9, 2.5, 3.^ 
^O. 5*5. «nd 6.5 cps, with intensity levels of 0.I5, O.25, and 0.35« for each) 
Twenty «ejects were tested under transverse ( side-to-side) vibration (I.5, 2.5', 

CPS 8t the aboVe intensity levels). Responses to light signala 
0 the side of the subject and a Landolt ring directly in front of him served as 

measures of peripheral vision and visual acuity, respectively, 

Reialtft. Tracking ability was significantly impaired by vertical vibration with 
no apparent relationship to intensity or frequency. The subjects* reaction times 
'"! » -lo»« (5* of .Unifico.) after e^cr, “ «rUcS 
wííí !i0D tîaî before or durln« it* Visual acuity was not significantly affected. 
« C?n!tan<*0f f00t Preasure- 00th intensity and frequency, as well 

;.nt io body cíuS.10'“' ”« - »^Ifict d.cr.- 

In transverse vibration, I.5 cp» wts the most detrimental to tracking perfor- 
aance and decranent. within frequencies were related to intensity increments. 
Tracking performance did not completely return to control levels during the 
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P!rí°? followin« transverse vibration. RTs were not affected during 
vibration, but increased significantly following cessation of transverse 

Itïï 61 aCUlty Waa QOt Th« frequencies of I.5 and 2.5 cps 
of ÎÏSÎÎtiîn gr®fíe8t te*™**'' i" Peripheral vision during the initial period 

8i0n followln8 transverse vibration was better 
in^«ÍnLP«í í Î i%<l DeuJ®ents in foot Pressure constancy were related to 
ef?e!î h D y’ fr8«U8Qcl88 of 1*5 and 2.5 cps produced the greatest 
effect, although recovery was complete on cessation of vibration. Errect postural 
position was not significantly affected by transverse vibration. 

í” !°ettcher ^ A- K- Simons, The Effect of Low Frem^n™. 
Amplitude, Who!a a9dy vj-bfatlon Upon Human Performenee. HRT Y 

E-I23, Bostrcm Research Uboratories, Milwaukee, Wisconsin, July, I96I. 

8tïdy 0f the effects of transverse and longitudinal vibration on 
performance and on certain physiological functions. 

Metàfiâ. A multi-directional shake table with a mechanical drive mechanian was 

dthtoa w^den chair* Tw° «io^8 °f ^ were exposed to five frequencies (I.5, 2.5. 35. 4.5 and 5.5 cps) and three 

ÍeSi.0üeíe^ Htyt(°-15, °-2f’ “d 0*353) °f Vibration in 'oïr 15-minute time 
to*Wteîtio^Ld1r«‘T'r"ri'i^'t°"ide) ,*"d (direct front-to- backj vibration conditions. One-dimensional (horizontal) compensatory tracking 
cholc. reactio. time to p.rlpher.l etimull, foot pr,..crc cocatcrcySdperÏ ^M 
Tlelon „r. »e.^r.d lo . .Imuleted drlvl^ dtuatlon. Subjectr^e^lced S 

\¿Z. P r^ tMtlng- ',UU*1 ““ »'«-red by „e.„. „f P. L^dolt-Sg 
target, and body sway was measured before and after each condition. Accelero ¿ 

“rVT* “ tl,e UOle “d « the heed? c^.t ^d Lít lT»,! 
of each subject to determine his individual "transmissibility.* Respiration 
oxygen consumption, metabolic rate, breathing frequency and ^ntilatîon were* 
also recordad during the tasting with periods of no vibration as releren^'oints. 

fifffljlil. For both transverse and longitudinal vibration, increments in amplitude 

lD perfomance wlthin a frequency and there was a tr“S for 
tracking error to increase as time of exposure increased. The frequency level 
bi/thJ! producei ai«“ffic«otly greater tracking error with transverse vibration 
direction W ? n° ai8“lficant difference between frequencies in the longitudinal 
the ÍwIuterJÕ?!8* ?ry trackins ability dld not «how complete recov^y during 
the 15-oinutes following exposure to vibration. Choice reaction time was not 
infiuenced by either transverse or longitudinal motion; however reaction time 
WMÍéééeééé !ignlflcantly Allowins exposure to transverse vibration. Foot 
ïé«néd éí ÍTL"1!! m?8t ?eVefely 8ff««ted at 1.5 and 2.5 cps during trans¬ 

£.£5 -° trMd *" -rTtaL p”“h1r:î ylàîon 
ât ï ,íbrsti':"1. only during th, flr,t l^lnut, 

fi3 ÎÎ; the Po»t-ylbr.tlon period peripheral yl.loh 
^îy «r. ,«Lïar mÍ0” °r ïr. ä «»".‘lon. Neither visual acuity nor 
UdlcHrf ; ”e‘*urM of ‘■••n-laalMllty. particularly head mcecact. 
indicated .hat body disturbance, occur near or below I.5 cpa In the tranayeree 
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condition. Respiratory measures of oxygen consumption, breathing rate, and 

total ventilation indicate that a state of hyperventilation probably occurs 

during horizontal vibration in both dimensions. Total ventilation during trans¬ 

verse vibration appears to increase with intensity of vibration, 

12. Lewis, D., The Effect of Noise and Vibration on Certain Psychcmotor Responses. 

Research conducted at the State University of Iowa by the Civil Aeronautics 

Administration, PB 50228 - CAA Division of Research Report No. 8, Washington, 

D.C., January, 1943» 

Purpose. A determination of the effects of noise and vibration on performance 

on the Mashburn Apparatus, including supplementary studies of these effects on 

heart rate, breathing, tilt perception, brain waves, and hearing acuity. 

Method. The Mashburn Automatic Serial Action Apparatus aud a wooden seat were 

affixed to a shake-table which was mounted at its four corners on heavy coil 

springs. Forty-two non-pilots and thirty-eight pilot trainees were given 39 

trials on this apparatus. Performance was measured under six conditions! 

(a) silence, ( b) simulated aircraft noise at 85 dbs, (c) simulated aircraft 

noise at 110 dbs, (d) vibration at 0.008 and 0.012 inch D.A., (e) noise at 85 

dbs combined with vibration at 0.008 and 0.012 inch D.A. vibration, (f) noise 

at 110 dbs with vibration at 0.008 and 0.012 inch D.A. The subject's adjust¬ 

ments of rudder, elevator and aileron were recorded on a polygraph. 

The apparatus for measuring perception of tilt consisted of a 5-foot main 

platform which pivoted aboui a horizontal axia. Tilt angle was hydraulically 

controlled. A smaller platform mounted with a woolen seat, the vibrator housing 

and the control stick, provided for rotation of the subject either longitudinally, 

laterally or sagittally. The subject was blindfolded and then tilted at various 

angles up to 10° under the above six experimental conditions; he was required to 

return himself to the vertical position by means of the control stick. Pneumo¬ 

graphie, 2CG, and SEG records were made during the tests. 

Results. Neither vibration nor noise produced performance decrements on the 

Mashburn apparatus. However, since the trainee group was superior (1¾ level of 

significance) to the non-pilot group the remaining analyses of variance were per¬ 

formed using trainee scores only. Neither noise nor vibration had any measurable 

effect on heart rate within a condition, but the difference between the first 

and last trials was significant at the 1% level. Regularity of breathing, 

breathing rate and heart rate were found to be unrelated to the experimental 

conditions. However, the subjects who appeared to be most highly motivated and 

gave the best perfomances tended to have the most irregular breathing patterns. 

Neither noise, vibration, nor a combination of these, affected estimates of tilt 

to a significant degree. Noise, the only variable analyzed for effect on the 

ESG, did not modify any feature of the 2EGs significantly. When a test was made 

for hearing loss after a fifteen minute rest interval following an hour's ex¬ 

posure to noise at 110 dbs, significant losses in acuity were noted for fre¬ 
quencies between 1,000 and 6,000 cps. 

11 



13. loeb, K. Further*Investigation of the Influence of Whole Body Vibration rt.A 
íioi¿g- gp Tremor and Visual nçuitv. AI-^L Report No. 16¿, Picject 6-9= 2C-CC1, 
U.3. Army Medical Research Laboratory, Fcrt Knox, Kentucky, 22 October 1954. 

ffyrPÇff?» determine the nature and extent of changes in visual acuity, 
manual tremor, and aiming tranor under the influence of intense noise and/or 
vibration. 

Method., eighteen subjects were divided into three equal groups which received 
If. 25, end 35 cps vertical sinusoidal vibration respectively. ■Light vibration* 
levels were achieved with platform double amplitudes of 0.066, O.034, and 0.C3C 
inches at I5, 25, and 35 cps respectively; * heavy vibration* double amplitudes 
were 0.112, O.056, end 0.054 inches, also at I5, 25, and 35 cps respectively. 
Sach subject was exposed to four conditions: (a) heavy vibration, ( b) light 
vibration, (c) noise at II5 db ( a recording of the pletform in operation), and 
vd) neither vibration nor noise present (control). The subject performed 3 
tasks: (a) a manual tremor task ».hich required the subject to hold a stylus in 
the center of a 2 nan hole for one minute; ( b) an aiming tremor task in which 
the subject aimed at a target with a rifle attached to an ateximeter which 
accumulated centimeters of vertical and lateral movement over a 30-second 
interval; and ( c) a visual acuity task in which measurements were made of the 
subject's errors in judging the orientation of Ror.chi rulings of varying degrees 
of coarseness. Each subject was tested at each amplitude for only one frequency 
to which he was randomly assigned. The vibration exposure times were 2^ hours 
per session. Performance was tested on six 20-minute trials for each session. 
The trials were distributed as follows: Trial 1 - pre-exposure; Trial 2 - 
beginning with exposure; Trials 3. 4. and 5 - after 40, 60, and 120 minutes of 
exposure respectively; and Trial 6 - immediately at the end of the exposure 
period. 

Repyltg. The variation in visual acuity as a function of trials and conditions 
was significant but not as a function of frequency. However, all 2-way inter¬ 
actions and the 3-vey interaction of these three variables were also signiiicant. 
Impairment in visual acuity at 15 cps was greater than at 25 and 35 cps. Manual 
tremor variations over trials, between conditions, their interaction and their 
interactions with frequency were highly significant; however, frequency was 
again not significant. The greatest effect on manual tremor was at 15 cps. 
Downward aiming tremor increased significantly during vibreticn; the greatest 
effect was produced by heavy vibration at I5 cps. Noise did not affect perfor¬ 
mance on any of the tasks. 

•This report was preceded by Loeb, M., A preliminary investigation of the effects 
of whole-body vibration and noise. AMR! Report No. 145, 1954. 
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fSie rr designed t0 deteraiQe maximum 
fron 1 to lO cpTLT/Ll a8eL8d ^/1151,811°0 ln thC fre<3uency ^ 
ability of subjects to tolerate Tibration%Udy W8S desiôned t0 detemine the 

- ~Dr./ 
‘0 subtly pre<let.Mtll./g ».“ei'.'r^u^^r^'.TrrcpT030"* 

M«ecï“ - rd: - - 

«bratlon at 1 and ? Mcãú» !í. árÍer °r,Va’ t0 Pro^uce the 
with the mechanical shake table In both exTJ ®nPlitu‘ies could not be achieved 
creaaed at a coa.tMt rat. of .¾ ™/.1c fa^ e Dt,ad0U,>1' "pUtude «• ‘”- 
for 1 and 2 cp.; in the flrat eiperli'nt ZJlt?* “d *' 10 “"/•«“"H 

waa reached and in th. aecond until the ¿redete^iLr^MT^mûdi1.^1 "e“^. 

The subjects were strapped into a modifia r 01 * 
a lap belt and shoulder harness At th* *r.H r dlrcraft «««t equipped with 
the subject pushed to signal thé operator to re3t WaS ® ^1^00 which 
experimentation, each subject was given familí!?111?^ th* Prlor 10 actual 
and the vertical accelerator. îhe crUert^ ride8 °n the 8hake ta^a 
based on the Judgement of the subject i e he ^81106 in the first study was 
run until he thought continuation might / instructed not to stop the 
instruction was used in the second ¡fÎd/ ïL ^ pe;aoaal ia^y. A similar 
study were the verbal reports of bodily^vmnt^/ variablea i“ the first 
reached when termination was requested tolerance by the g level 
variable was the verbal renort of* am ♦ second study the dependent 
the number of additional g's they couldTaie^uit^8 88ked ^ estiaiate 
dependent variables in the firs/study were Wíthout inJury. The in- 
In the second study the independent variable fr®quency of ▼ibration. 
Although direct comparisons were not made ex™«, ampJitude"fre<3uancy combinations, 
si de red to have been an independent variaéle^cror* ^8^1°0 C°Uld 8180 b* con- 
experiment. lhe authors do not indicate th! m ! 8 ?art8 0f the 8econd 
trials but do mention that subjects were emoaedV^T^8 ^^6611 successive 
given run in the aecond expert. ^ ^°880 t0 ^ to 6 frequencies in a 

S£iait¿. The results for the first exnar.fm^ + 
deviation, and range of the g values for each expressed aa the mean, standard 
quested termination of the rin T^îe^™! frequency at which the subjects re- 
range from 4 to 8 cps; at Cé frequL'iL^ibra^^ ^ ln tbe*frequency 
could be tolerated. Above and belo! thi! range UP t0 ab°Ut 2-° S'a 
creased markedly. The primary avmnt™« of frequencies, tolerances in¬ 
reasons for halting the vi^lo7we«? 7?)"cheat7 7^77 88 thelr reason or 
P«i=. «d (t) dlaocfDfort. ^ 
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values was rather srall in view of the differences in somatotype and the fact 
that a subjective response was involved. 

In the second experiment, the vibration levels were selected so as to be 
"well within the range of tolerance.* However, for the 1-minute study, 2 sub¬ 
jects could not complete the run at 7 cps and 2 could not complete the run at 
9 cps; for the 3-minute study, 2 subjects could not complete 7 cps, one could 
not complete 6 cps and one could not complete 9 cps. The subjects estimated 
on the average that they could have tolerated 0.25 g acre in the range from k 
to 8 cps and 0.5 g at the higher and lower frequencies. Only one subject in 
all of the rurs showed abnormal electrocardiographic tracings; that was follow¬ 
ing the one-minute run at 8 cps and the subject recovered rapidly. 

15. Mozell, M. M. and D. C. White, Behavioral Effects of Whole Body Vibration. 
NADC-Mà-5802, Project NM 180112.1*, Report No. 1, U.S. Naval Air Development 
Center, Johnsville, Pennsylvania, AD 156 1*70, 28 January I958. 

Three studies on the effects of whole-body sinusoidal vertical 
vibration on the reading of digits (experiments 1 and 2) and on dual compensatory 
tracking (experiment 3). 

Method. The vibration apparatus consisted of a cable-suspended platform driven 
by the rotary momentum of eccentrics. The frequency of the vibration was varied 
by changing the speed of the electric motor which actuated the eccentrics, and 
amplitude was varied by changing eccentrics. Amplitude was held constant for a 
given series of trials. The frequencies of vibration used in the first experi¬ 
ment (visual task) were 8. I3, 18 and 23 cps; four subjects were tested at a 
double amplitude of O.05 inches and four were tested at a double anplitude of 
0.10 inches. In the second experiment (visual task) five of the subjects from 
experiment 1 were tested at frequencies of 10, 20, 30, 1*0, and 50 cps and a 
double amplitude of O.05 inches. In experiment three (tracking task) the fre¬ 
quencies used were 8, I3, 18, and 23 cps at double amplitudes of 005, 0.10 and 
0.16 inches; four different subjects were tested at each amplitude. 

In experiments 1 and 2, the subjects were seated in an aircraft seat mounted 
on the vibration platfom; they were required to read off a series of 12 three- 
digit numbers presented at a distance of 7 feet. The digits, which were white 
on black, were 0.25 inches in height. They were presented on a mileage indicator 
which was not attached to the vibration platform. Bach number was presented for 
five seconds with seven seconds between numbers. The duration of a given trial 
at a given frequency was two minutes 17 seconds. The duration of a session was 
about JO minutes. 

In experiment 3, subjects were required to perform a two dimensional com¬ 
pensatory tracking task displayed as a horizontal line on a two-inch oscilloscope. 
The subjects compensated for the motion of the line by manipulating an aircraft 
control stick. Both the display and the stick were mounted on the platform along 
with the aircraft seat. Trial durations were two minutes under each of the 
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Jsct, «re ¿i^-^ne^hoúrÒf^íêcÍice^M^íe^ãk^ore'»1' Bl°Ut'8 ^ on tne task before the experiment began. 

Äle »p'at^î^^r^c^te^: iXY^r 
creases in errors did occur as the frequency J tíO“0*6*61’’ '^“^Icant in- 
cpa (where performance equaled that under tL tí vibration increased from 6 
In the second experiment, with double Lpiníde^ííd COnditlon) trough 23 cps. 
errors increased as frequency increased frL l n Í! at 0.C5 inches, 
between 4C and 5C cps. creased fr® 10 through 40 cps with no difference 

diiJhei\by frequency3ôr byCmiiitider dlmen8lon waa ^ affected 
pension other than an interaction^etvHnZl 

p^^í1-^1 ^d ^ndo,n Vibration u1m 
^ 261 331, 26 July 1961. ^2-2, The Boeing to.. Wichita. Kansas';- 

ú¿£E££e. An examination of the relation 

of vertical vibration and data on hUmYp'ríõmL1c"",1I> P'’;“Cal 

Sad^ne order turbal anca ... 
slnuaoidal vibration. Tbe appar.tua ^0315^^0^° ‘r“dan) th«t under 
on which was mounted a standard aircraft Í, hUmaß Tlbratioa pletfom 
a’shion to insure the mot. complete tr*n ^ Plywood was substituted for the 
A Lr,, aircraft control coîS ^..rS^0°,0f "> »cbjec,. ' 
mounted directly in front of thi aubjY. wYf ,tea‘ dISpl,y pmeJ 
was presented on an amber CRT- the ertical c®pensatory tracking task 
li8h, bean aligned with I “red"efe™« "t * k"p ■ ‘■orlront'l 
also required to keep a vertical linl 00 he face of the ®T. He was 
the CRT. Four red reaction time lights we« ÍÍ^T °f * horl20ntaI «lot above 

T ght® Wer* 8180 locatad on the display panel. 

though not under ▼ibrati^^ae^íd^rsubjííeXperience on th* task, 
each of the ten following vibration condiuíne,- WaS teated unde^ 

0.50 Amplitude Power Spectral Denaity 
F^ll Power Spectral Density 

0.*75 iis8 hC¡Z 4*26 lûche8 M-i-um 
2 í oí« R Î Amplitude. 1.7 lnche8 

2.5 dl lTdZ í!píîtude•2*16 lnchea 
cL Î ?? Amplitude. 0.09 inches »ÎS 

°»75 cps, I.37 inches DA 

o#r^ C^fl* inches DA 
cpaf 0,26 inches Da 

2»3 cps, 1.08 inches Da 

•Based on an approximation of a recording of f 
encountered in an actual aircraft fllgM. 



He§ji2_t£. On a given day, a subject was tested under five of the ten vibration 
conditions and under the ronaining five on a subsequent day. The specific tests 
and their sequence for a given subject were detencined by a Latin Square matrix. 
Individual vibration trials were four minutes in duration; four minute ncn- 
vibration trials and two-minute rest periods were interspersed between vibration 
trials. Analysis of variance indicated that vibration conditions was a signifi¬ 
cant factor as regards the vertical dimension of the tracking task, but no changes 
were indicated for the horizontal dimension or for reaction time. Tukey's gap 
test revealed that performance under sinusoidal vibration at 2.5 cps, 1.C8 inches 
DA W13 significantly poorer and, at 0.75 cps. I.57 inches DA. was significantly 
bettîi' than performance under any of the other vibration conditions. 

17« Parks, D. L., and F. W. Snyder, Human Reaction to Low Frecuencv Vi oration. 
Technical Report D3-3512-I, The Boeing Co., Wichita, Kansas, AD 261 33C. 
24 July 1961, 

Eu£E2£e. A study to obtain Judgments of vibration intensities in the range of 
I-27 cps. The first study of a series designed to determine the effects of 
vibration on human performance for a broad range of human skills. 

Metfrp¿. A hydraulically actuated shake table was used to provide vertical 
sinusoidal vibration at frequencies of 1, I.5, 2, 4. 6. 10, I4. 18 and 23 cps 
for seven subjects (Group A) and at I.5, 3. 5, 5. 12. 16, 18, 20 and 27 cps 
for 9 subjects (Group B). The vibration platform was mounted with a standard 
aircraft seat having felt-covered plywood in place of the seat cushion and a 
heavy aircraft control wheel and column in the normal operating position. Four 
categories of subjective Judgments were recorded along with SCGs. The subject 
was seated on the shake table and the amplitude of vibration (at one of the 
aboye-Usted frequencies) was increased from zero. The subject was instructed 
vo identify four subjective points of vibration severity; (l) definitely per- 
ceptible, (2) mildly annoying, (3) extremely annoying and (4) alarming Fach 
subject was exposed for one trial at each of three freouencies on a given day. 
or the first two trials (frequencies) on a given day, when the vibration level 

became alarming" the subject released a stop switch at which time the vibration 
ceased. Cn the third trial of a day, the subject reported verbally that the 
level was alarming but held the stop switch down and the vibration amplitude was 
gradufJly decreased. During the decreasing amplitude period, the subject again 
identified the three lower categories of severity. 

Resulta. Curves obtained by integrating the data and plotting a smooth funct'cn 
were made for analysis of vibration judgments vs velocity, acceleration and 
double amplitude. Indi/iduel curves indicated that overlap between le^la among 
the subjects’ judgments occurred, but that distinct differences between levels 
do exist. The statistical analysis suggested that judgment of acceptability of 
vibration is affected by frequency. Subject differences -were larf e, presumable 
at least partly as a result of differences in orientation and frer.ewcn;- t'- fact 
that the general curve trends were similar for all subjects was considered as 
evidence that these differences were of a semantic origin. According to a 
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tabulation of reports of affected body area as a function of frequency, the 
effect shifted from the huttodcs and lower thoracic abdominal areas at low fre¬ 
quencies to the upper body areas as frequency increased, and were concentrated 
in the head region at 27 cps. The reports of effects on extremities were less 
clear-cut, but a general trend was noticed i.e., from whole extremity effects 
to more localized effects as frequency increased, 

Rulon, P# J., P. B, Sampson and B, Scholan, The Effects of forces on the 
Performance of Teletype Operators. Technical Report No. 6568, Educational 
Research Corporation, USAT, Wright-Patterson AFB, Chio, October I95I. 

Canary. Twelve "airsick-resistant1', proficient, teletype operators were tested 
during flight under steady state accelerations between 1 and 3g with sane tur¬ 
bulence also present. A comparison was made between the performances of six 
touch teletypists and six hunt-and-peck typists during six test flights. It 
was found that the speed and accuracy of hunt-and-peck typists improved under 
•g", while the converse was true for touch typists. The touch typists found 
that tneir hands became "disoriented" to the keyboard, leading to response 
errors (wrong finger) and displacement errors (hand on wrong keys). A large 
practice effect was noted for all subjects indicating a large amount of adapta¬ 
tion to "g". The operators became more aware of auditory, visual and kines¬ 
thetic cues in anticipating the aircraft maneuver and thus compensating for the 
forces. They found compensatory actions impossible in turbulent air, however, 
and the sudden "bumps" were very disturbing. Specification of errors as a 
function of magnitude and duration of "g" was not given in this report. 

ochmitz, M. A., The Effect of Low Frequency. Hj^h Amplitude Vibration or. Hmrwn 

Performance. Bostrom Research Laboratories Progress Report No. 2a, for Office of 
Surgeon General, Department of the Army, Washington 25, D.C., AD 218 201, 
January, 1959. 

Purpose. To study the effects of frequency, amplitude and duration of whole 
body, vertical vibration on human psychcmotor performance. 

Method. Eighteen young male students, seated on a contour wooden chair which 
was mounted on a 3' * 5' mechanical shake table, were subjected to the following 
tests: 

(1) Hand tremor - the subject was seated with his right forearm 
resting on a table with a anall foam pad beneath his wrist; he was instructed 
to place his right index finger into a plastic finger cup at the end of a long 
flexible cantilever beam (restricted to vertical displacement) and to hold his 
hand as steadily as possible. Tremor was measured before and after vibration 
by means of a strain gauge bridge and recorded by an oscillograph. 

(2) Before and after vibration measurements oí' body sway were made by 
means of a headpiece attached to a flexible, cantilever beam; two sets of strain 
gauges were used to give measures of fore-aft and side to side body sway. 



(3) Visual acuity was tested by means of Landolt rin^s. A 

(5) Accelerometers fastened to the subject's head and on hi* h«i t 
measured whole body-response to vibration with reference to readings .Hv™ h 
an accelerometer attached to the top of the vibration table. 7 

g VÍbratÍOn Were 0*15 S and 0*30 ^ at 3- 0-18 
g levels^ However, the analyses of variance considered only the 

drivinTrt:serfPor0aCep:rrIodWaoSfai5fm0linu°;eS¡ pMor'to^the^tes't^'" 

iiTrz Ï hr: trlal 

ithou8h foot kt sc°"s ^ :s:î:::n:s 
appears íol t: «Ipt t»: hlaiv lelu!I 

tr“°r -°° signii icantly from the control measures. There were *i,*ni fi ,>on* rr . 
visual acuity among the intensity oonditi«n u ** sít=>niflcent differences in 

:: ää :::rr:;:::LB£= rir^B 

the r^ris°° °f 

r^Ttir018:3: ::toe tabie- s»"‘«^ny. ^ 1¾¾ :„vc' 

o.% îr'ii'Tjfiï rp:pc:.ivtef:urr-t sir3 33*rd 4M at °-iP e"d rirr“-— “ith "apoot - ivrr3 
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1. 

Di££usai£fi. The author concludes that the frequency of vibration is e mere im¬ 
portant deteminer of terforaance than is intensity. This is stated to be pri- 
marily a product of the resonance characteristics of the human body. The author 
does not discuss the fact that body sway was not significant in this study but 
was reported as significant in the study by Simons and Schmitz (January 1958). 

^ f* f1®008' and C* A* Boettcher, The Effect of Low Frecuen™. 
Amplitude Whole 3Q_dy Vertical Vibration on Human Performa^:'Bostr™ 

^J’01-8*®1’188 8113 Department of the Amy. Office of the Surgeon General, 
Final Report, 1 April I957 to 3I January i960. 

A study of the effects of low frequency, high anplitude, whole body 
jjír8ti0n °n psychonotor perfonnance, and specification of the 

effects with respect to duration of exposure and type of task. 

!tíd?áfSr^î^aPP?0CQ,;S, í88*8* ^ ^88^68 were the same as those in the previous 
study (Schmitz, 1959). Frequency levels of vibration were - 0.9, 2.5, 3.5, 4.5 

«roo 8t lnt'"Sities of °-l5- °-y »-35 e. Expire period; 

There was a significant decrement in tracking perfonnance in the exneri- 

boîh iîl0r-‘/f thlS íecr"e,,t t0 'X- 8 of ibcreeeêe iT both frequency and intensity of vibration. The error for foot pressure constancy 
was similarly affected. The only difference in choice RT appeared in post-trials 
Just after cessation of vibration; specifically, longer reacUoí times were aÜ 
sociated with the lower input intensities. In contrast to the results reported 
ear!j er by ochmitz (reference I9), visual acuity was not significantly affected 
under vibration. Accelerometer readings indicated that 4.5 cps was the point of 

pW0^rsb0Ov^r:he0nb^;: Snd that the ^81^^ values differed at Various 

Simons, A. I-. and M. A. Schmitz, The Sffect of Low Frequency. Rich AmnUt.^.o 
J10I& Body Vibration op Human Performance. Propre.«,« ^ Pc3carch 

ve opment Division, Office of the Surgeon General, AD 157 778, January, 1958. 

F^EE2§e. An exploratory study of the effects of low frequency hi*h «mH 
V ration on human psychomotor perfonnance, and specification of the effects 
with respect to duration of exposure. eiiects 

h0ná trejlor‘ s’-ay. 3nd visual acuity measures were 
tr.e same as those described in Suimi tz (reference lq) errent tv,», t» . Í ! 
rate, Rental addi tion, hand reaction time and depth perception ( lioward-Dolmar 
ppara us, were also given. Three treatments were presented to each of te^ sub 

¿eÏiîchrDA or ?rdir’ yiZ,(^ CPS et °^0“inch ÜA or 0.17g (2) 3o cps at . inch DA or Colg, ana {¿) a static run. Measurements were taken before and 

erenl 0nd St lf-’ 2°- - ?°-miQUte - 120-minute 



Results, neither the tapping, rate nor nental addition tests were reported to 
show significant effects which could be attributed to different levels of ac­

celeration, The results of the hand tremor test were uninterpretable because 
of artifacts produced by the equipment. Significant effects were reported for 
hand RT (p<.05), body sway, depth perception, visual acuity, tracking and con­

stancy of foot pressure (all p<.Cl).

Discussion. The authors sugjest that the increased decrements ever time in 
visual acuity and foot pressure constancy under vibration (especially at 3,5 cps) 
may indicate possible fatigue effects, Tiiere is a serious question as to the 
appropriateness of the analysis applied to tlie data. Specifically, it appears 
that the trials effect is used as the error term to test the effects of intensity. 
If this is true, the statistics have, at best, a rather unusual meaning.

22, Tinker, M. A,, "effect of '/ibration Upon Reading," Amer. J. Psvchol.. Vol 61, 
pp 356-330, 1946

Purpose. To study the effect of vibration upon speed of perception as measured 
by reading speed.

Method. Two groups of 69 students were presented with Forms I and II of Tinker's 
Speed of Reading Test in a well lighted (16 foot candles) laboratory. The con­

trol group was tested on the forms under the condition of constant noise, while 
the experimental group read during vibration of the reading stand at the rate of 
3 cps and C.063 inches D.A, in addition to constant noise. Reading periods were 
limited to ten minutes and scores were taken every five minutes.

Results. Vibration was found to have reduced reading speed by 3«19* in the first 
five minutes and by 5»47^ In the second five minutes. The scores of the control 
group were superior to those of the experimental group (p<.01).
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