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Ii:ac= ~tl'&...Ub~ "h~uum_,u;... ot' r&..l'Go.tloruu...l ~'wnc t i ens of 
tt•t J.&.UU!W.Il ..ooo~ .a.1'fttctin~ on u. ,.&utofiit:lli;jitiYc lJiodtl 

lly Zhtmg l'iun ...ti'ftl.2.htl l..il;i.n l.in,~uo .Ain,~u Jwn,Chtln il-uo Chvi 
(Yunnu.n Univt:l'sity) J..i Hong ~i ('l'uhun LiniYt:relty) 

,. 
~otr··~ 

The etranP.:e nheno-nen:1 tJI'odu;e-d""on u l>hotoseneitive diode beld in 
tue 'POl"l Of...,a child with 'PD.I't;,nor:'lVl function a.re I'tport in thie 
'PV 1Jer. The Charu.eter 1E't ie- eurTe Trueer ind ict~.tee the t by cone en trot­
ine their :nind upon their pul~e,or "work~ng:,the ~hildrtn with 
lJUl'L..ttOl'Jlul function cun emit unknown l'u.dHJ.tlon,whlch con induce t:b­
nor:.uul cm. .. nJ;e in thtl IJhotoet#n£ it i ve d i ooe t;.nd e.l ter thtl chu1·:...c t~l·­
iEtic curvt: thereor.Thtl chief fe:..tures of such cnungee ~re ~e 
fellows: 

l.A ntt;;ative e:!lf is }Jroduced even whtn the t.·hotosenEitivtl diode 
if coTertd with a·piece of bluck ~vpt:r. 

2.The buck re~ietunce iF cone~icuouely reduced and the le~kvge 
current incrcuetld eur~risingly. 

v• Tbtl c 1 ostld l oo~ of tt'ltl revt::l'~ t chz...r;,;.cttris tic curve which ie 
d~t to tn~ deftct~ of the diooe is subject to ~huec chunges durin~ 
tt.~ot 11 ~'Lil't(llJ~ 11 • .,... 

~. J.tJ.tl'c i& no Go.1l-'t..l'tmt dil':t't::l't::nct:: iu t.n411 g'bovt: mt::ution~a t.-heuo:.:'ltn~;;. 
durinJ tht: co<..rEc= oi' thtl e~~tl·iwt:nt wbttner :... ~if::ct oi' tlt..ck ~L.lJtr 
is plucta bt;t.wc=~n the ~ioat z...ud tht: ~~lill or n0t. 

5.l'htl churu.cteristic curvt: is rtetoreci to ite: nol·i.llc..l st.L.ttl whcu 
the child sto~F h1~ or her "workina". 

After mGgnifying the '!JtJrunor:nC~.l ehu.na;e with L .ru.dio:nfo:lttr umi.Jlifitl', 
the output potentio.l vuriatione b.re displaytd wit1! t:J.!'l .X-Y recoi·d. 
lt i~ fou~d thut. the unknown radiation i! closeiy reloted to the 
puru.nor"lu.l function.'The following i!!tporttJ.nt feutures t.re ocrerved. 

l.The children with purG..nor·nu.l function prCJduee n8!$t.tive re~dings 
on tn~o: r;..dio:letc=r in cu.W;.l·ison witl'l the positive= rtl:..ciiugs obtuined 
wben li~ht rudlution is receiv~d. 

2. Tht:n: t.. Ttl a if.ft~reilcee: o:r 2-.., order of mugn i tudt: i!1 tbt I;Dttnt 1:..1 
chvn~ee }.;roducea oetwettn ncr:.ne;.l cpi~.jren vnd tboee j'ifted with pu.n..:­
nor·'lu.l functions.The'lutter tJ.re 16!1C,wheretJf' the for:ntr a1·e 10~1c:-~ 

~.Th~o: reeults obtuined when the g\fted children urtl "working" und 
whet1 they ur~ not ""'Ol'k ine;'' with the d iocie are eon~ ;:J icu ou.s ly d if!'er­
ent.Tne •~lues gre zero *btln tuey urt not "wo~~ing". · 

. 4.Wn~u th~o: Sli"t:o Chl.Ldl'tm were= in tiit couree of r~;;corgnlZlng 
h1aceu lettti'f:, o1· ~n ... ctis ing tt:le}Jt. thy or l-A, tnt CL..l'Vt:E on tnt: .A-Y 
l'tCI.Il·at:l' &...l'E:l closely rt::l.u'tt:u ·to tnoee dlsl;J.u.yta iu tnt coUl'f:'c of 
"wo~~~n&" witn the= dlodtl,risind fro~ tht b~o:ginnin~ or "worKing" bnd 
Ql'OYVlUd to tnt; Ztlru 1-Vt:l &t. tnt E:lna or 11 wor~ing 11 • 

b.Wnen the aiftc=d children wertl •L.tcbin~ tbt recora1ug -~~~r~tue, 
the rtlrulting reuoiuge •~re n1iher.lt stems th:...t tnerc u~~t:~red ~n 
ectioi1 ot' eons-c1oue Iuc::Outt<;JC. · 
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o. Tnt:.~.·t: L rt: g1·~-.. t a 1ffe1·enee! in tne gr~pt'l.~.c 1·ecora lu~E 

10~ o111er~nt indiYidiMl! among tne giftea chiiaren. 
?.In co·n~nriftg ~e ... !ure~e•t en the A-Y recoruer for ~ind 

eer,c~t,l.l'::At..&.on u,o ... l.u• 1J~.&.:nr oetween prt;..etitionere of Chinef'e 
~l·t 1w.J. ul·te uua tr~e b.Ll tea clllldren, tl'Je ch ildHm ehoweu aigher 
:Dtti..!i.ire:.:leu .. e ou "ac l.terb6e,altn.ough li few martic..l arte prae­
t1t1one1·1 klE~ 1corea bii~• 

In.: G. c ~Yc:: 1·- e~.o lte inci i ca. te tCUJ. 1. tue pn ot es c::ue 1 t .1. Ye a 1 oae ie 
L l~.oll.a~L• ac::vicw tor mew.sur6a6 uujectively tee st..~.~~g~ infar­
mt..ticn el.!lit1.."-t. """ el,ildren t.lth lJL.ro.normc..l tuu~l..:..ons. 
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THE STRANGE PHENOMENON OF PARANORMAL FUNCTIONS OF THE HUMAN BODY 
EFFECTING ON A PHOTOSENSITIVE DIODE: 

ANALYSIS AND RECOMMENDATIONS FOR FURTHER STUDY 

Experimental Procedure 

Based upon the abstract provi_ded, original figure captions and 

the following experimental procedures 

and apparatus appear to have been utilized for the first set of experiments: 

• A photodiode with a sensitivity of lo-7 watts cm-2 

* in a bandwidth of 190-1100 nm was used. From Sze 
(Figure 24 on attachments) we expect this to be a 
silicon device. 

• The photodiode was contained in a "well" of some 
sort surrounded by a "protection ring" and covered 
with black paper. At present the thermal and 
electrical properties of this encapsulation are 
unknown. 

• A characteristic curve tracer (Model JT-1) was used 
to reverse bias the diode and measure its voltage­
current response under various conditions. 

• The curve tracer was set up so that the voltage 
axis was .5 V per dimension and the current .01 mA/div. 
Diode breakdown (the "knee" of the curve) was -6V with 
a 1 KO current limiting resistor. 

Each subject then held the photodiode assembly in their palm and attempted 

to influence the device. Successful experiments were marked by change in 

the 1/V characteristic from that typical of a diode to one more like a 
t 

resistor with some parallel capacitance as seen in Figure 2b. In fabri-

eating prototype diodes this type of curve is seen quite often when the 

"blocking" contact fails or the diode is partially shorted by conductive 

surface states. 

* Physics of Semiconductor Devices, S.M. Sze. 

tFigure number used in original Chinese text • 

1 
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A second set of experiments was carried out with apparently the same 

type of photodiode: 

• The output of the diode has been amplified by a 
"radiometer" amplifier. It is not clear whether the 
diode is reverse biased or used as a solar cell with 
only the carrier diffusion length as an active volume. 

• With "normal" children the amplified output was lo-5-lo-6 
W/cm2 , 

• With "exceptional" children bursts of signal (noise?) 
were observed up to lo-2-lo-3 W/cm2 over periods of 
several minutes. 

Analysis 

The results of both sets of experiments are open to several explana-

tions due to the ambiguous nature of the experimental procedure. 

• The change in I/V characteristic could be due to simple 
heating of the diode. Attachments one and two both show 
how leakage current varies with temperature. A 10°C rise 
above ambient could be expected from a hand-held device, 
resulting in a larger leakage current, In addition, the 
breakdown knee will sometimes move toward lower voltages 
as the temperature rises resulting in noise or breakdown 
bursts. Finally, surface states which are not seen at 
room temperature may become active at higher temperatures 
resulting in the hysteresis seen in the "exceptional" 
I/V characteristics, 

• If the diode and its container are not adequately 
electrically shielded, the e!fect of holding the 
assembly in one's hand would be to add components 
of stray resistance and capacitance to the output 
signal. This effect would be similar to that shown 
in Figure 2b. Anyone who has worked with electrometers 
is familiar with this effect. The usual cure is to use 
BNC connectors and coaxial cable. 

• Finally, the infrared radiation associated with a black 
body at skin temperature (310K maximum) might cause 
some of the signals seen in the second set of experiments, 
In particular, a warmer than room temperature diode could 

2 
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be operating in an already high leakage condition whereby 
extra input (static charge, IRradiation) might initiate 
carrier avalanche--yielding large noise bursts. Attached 
are several pages of figures and calculations which 
demonstrate that the sensitivity of the detector lies 
clearly in the IR region. Furthermore, application of 
the Stefan-Boltzmann law demonstrates that N5 x lo-3 W/cm2 

may be available from a black body of 10% efficiency. 
However the peak of the distribution falls at about 9-10 p. 
At this wavelength neither a silicon or germanium diode 
is very efficient. This result suggests one of the two 
preceding mechanisms as a more likely candidate. 
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Optoelectronic Devices 
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WAVELENGTH (MICRONS) 
t73, 

!!1:1!. Effective quantum efficiency (hole-electron pairs/photon) versus wavelength forGe 
"i'iiCC""ST'photodetectors. 
(After Melchior and Lynch, Ref. 39.) 

R 

c 

(al 

R 
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FIJ. 2.5 
(a) Equivalent circuit and 
(b) noise equivalent circuit of a photodiode, where R Is the series r~lstance and CIs the 

junction capacitance. 
(After DiDomenico and Svelto, Ref. 35.) I 
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4 Photocletectors 

available power for the photo 

1 
Pov = gi/PD(ro)l 

It is interesting to compare E 
For a typical photodiode with 
a photoconductor with the sar 
available power from the phot 
from the photoconductor. 

The signal-to-noise perforrr 
equivalent noise circuit shown 
noise source due to the serief 
source. The signal-to-noise ra1 

, 
(S/N)power = 

41 

Comparing Eq. (44) with Eq. 
at high-level detection where 
SNR is comparable; at low-lev 
however, the SNR of the pho· 

B. The p-1-n Photodiode 
depletion-layer photodetector. 
(the intrinsic layer) can be tai 
frequency response. A typical 
Fig. 26(a). Absorption of ligh 
pairs. Pairs produced in the de 
will eventually be separated b) 
external circuit as carriers drif 

Under steady-state conditior 
biased depletion layer is given 

where Jd, is the drift current 
region and J41 rr is the diffusior 
side the depletion layer in the t 
reverse-biased junction. We f 

assumptions that the thermal g 
surface n layer is much thinn• 
electron generation rate is giv< 
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DETECTORS AND DETECTOR SYSTEMS 

SILICON CHARGED-PARTICLE DETECTORS 

characteristics. The detector changes include in­
creased noise and changes in voltage drop across the 
load resistor, which require adjustments to the applied 
bias voltage, which in turn change the electric-field 
strength. Thus carrier trapping and increased detector 
noise are degrading to energy resolution. 

Resolution degradation appears as a broadening of the 
response for a monoenergetic source. With increasing 
doses of neutrons, charged particles, or fission frag­
ments, the low-energy side of the response peak may 
begin to show a definite secondary peak. Continued 
irradiation results in further broadening, until, in ex­
treme cases, the multiple peaks may merge com­
pletely. Electron bombardment tends to increase leak­
age current, resulting in excess detector noise, which 
broadens response peaks. Some of these damage ef­
fects may undergo a degree of annealing, but there is 
always a significant residual deterioration after a suffi­
cient dose has been accumulated. 

Partially depleted detectors are more susceptible than 
are fully depleted devices to deterioration from radia­
tion damage. Radiation damage for different types of 
detectors are compared in Table 2, which gives the 
dose for various particles to significantly deteriorate 
the detectors. 

OPERATING TEMPERATURE 

As a rule of thumb, increasing the operating tempera­
ture of a charged-particle detector causes the leakage 

~!en.!J£.i!!C2!:~!3~ by a fa.9tor <?f~_!_q~-~~£1UQ0G.I!~~'" 
_resuTtin~ in a noise-wid!!il'1~r.£tct!?~ .. QL~IQXimately.1.7 

keV pe[i o::C nse. The upper temperature limit is deter­
mined by the maximum acceptable noise or by the 
ultimate breakdown of the detector (usually between 
45 and 550C). The effects of high-temperature break­
down are permanent and are not covered by the war­
ranty terms. An additional effect is the shift in detector 
bias caused by the higher leakage current. This leak-

age current increases the voltage drop across the se­
ries bias resistor, thus lowering the bias voltage across 
the detector. When high-temperature operation is 
necessary, a constant sensitive depth is maintained 
over the entire operating temperature range only if a 
totally depleted detector is used with sufficient 
overbias to compensate for the drop across the series 
bias resistor, which should be as small as possible 
(usually 1 to 3 Mn is adequate). 

Decreasing the operating temperature of the detector 
reduces junction noise and leakage current. However, 
the capacitance of the device is a constant limiting 
parameter of the system noise. Another limitation to 
successful operation at low temperatures is the expan­
sion coefficient of the detector's component parts. The 
expansion coefficient is similar for silicon and for lavite, 
the ring in which the silicon wafer is mounted, but is 
quite different for the bonding epoxy. Therefore at very 
low temperatures the epoxy may crack, causing exces­
sive noise or loss of contact. The probability of low­
temperature damage increases with detector size. For 
cooled operation, detectors fabricated with cryogenic 
epoxy may be special ordered from ORTEC. 

Another effect of decreasing the operating tempera­
ture of a silicon detector is an increase of the average 
energy necessary to create an electron-hole pair, e. 
Due to a widening of the bandgap of silicon in the 
temperature range from 300 K to 80 K, e increases­
from 3.62 eV to 3. 72 eV. A result of this increase is an 
apparent shift in energy of a measured spectroscopic 
line. For instance, Fig. 8 shows the apparent peak shift 
of the 5.477-MeV 241Am alpha particle peak in the 4.2-
K to 320-K temperature range measured with silicon 
charged-particle detectors. 

SHOCK AND VIBRATION 

Many ORTEC surface-barrier detectors have been 
subjected to the shock and vibration tests required for 

Table 2. Comparison of Radiation Damage In Silicon and Germanium Particle Detectors 

Radiation Damage (partlcles/cm2) 

Type of Detector 

Surface barrier 
Diffusiol') junction 
Si(Li) 
Ge(Li) 

Electrons Fast Neutrons 

1013 
1013 
1012 

1012 
1012 
1011 

1()8-109 

1010 109 
1010 109 

108-109 

Fission 
Fragments 

108 

108 

=if/ 
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Chap. 39 

.... 39;-17 

=in!! -~rged. (a) Show that the 
.rli1- al volume. (b) Show that 
.<a~y integrating the Poynting 
_s equal to the rate at which the 

... ), 

energy density for all points within 
~he Poynting vector point of view, 
gh the wires but through the space 
;we must first find B, which is the 
ring the charging process; see Fig. 

Nature and Propagation of light 

CHAPTER 40 

40-1 light and the Electromagnetic Spectrum 

Light was shown by Maxwell to be a component of the electromagnetic 
spectrum of Fig. 40--1. All these waves are electromagnetic in nature and 
have the same speed c in free space. They differ in wavelength (and thus 
in frequency) only, which means that the sources that give rise to them and 
the instruments used to make measurements with them are rather different.* 
The electromagnetic spectrum has no definite upper or lower limit. The 
labeled regions in Fig. 40-1 represent frequency intervals within which a 
common body of experimental technique, such as common sources and com­
mon detectors, exists. All such regions overlap. For example, we can pro­
duce radiation of wavelength 10--a meter either by microwave techniques 
(microwave oscillators) or by infrared techniques (incandescent sources). 

to' 
flower ----

RICiio 
I. I I 

to• 104 to• 1 

lf<. 
frequency, cycles/sec 

1010 10 ll 10 le 10 II 1010 1022 

ble 

• lii6iNCI ~ 
I I I I I 

to-• 10-' to-• to-• 
Wavelenjth, meters 

X-rays 

--Gamma rays 
I I I I I 

Fig. 40-1 The electromagnetic spectrum. Note that the wavelength and frequency 
scales are logarithmic. 

• For a report of electromagnetic waves with wavel,engths as long as 1.9 X 107 miles 
the student should consult a.n article by James Heirtzler in the Sciemific American for 
March 1962. 
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994 NATURE AND PROPAGATION OF LIGHT Chap. 4! 

Wavelength, ms.t 

· Pie. 40-2 The relative eye eenaitivity of an assumed standard observer at different wave­
lengths for normal levels of illumination. The shaded areas represent the (continuously 
craded) oolor eensations for normal vision. 

"Light" is defined here as radiation that can affect the eye. Figure 40--2, 
which sh~ws the relative eye sensitivity of an assumed Btandard observer to 
radiations of various wavelengths, shows that the center of the visible region 
is about 5.55 X 10-7 meter. Light of this wavelength produces the sensa­
tion of yellow-green.* 

In optics we often use the micron (abbr. p.) the millimicron (abbr. m~). 
and the Angstrom (abbr. A) as units of wavelength. They are defined from 

1 p. = 10-6 meter 

1 mp. ... 10--9 meter 

1 A "" 10-10 meter. 

Thus the center of the visible region can be expressed as 0.555 p., 555 m~, or 
5550 A. 

The ~ts of the visible spectrum are not well defined because the eye 
sensitivity curve approaches the axis asymptotically at both long and short 
wavelengths. If the limits are taken, arbitrarily, as the wavelengths at 
which the eye sensitivity has dropped to 1 of its m imum value these 
limits are about 4300 A and 6900 A, less an a actor o two m wave engt . 
The eye can <Jetect r&dia£ion beyond these limits if it is intense enough. In 
many experiments in physics one can use photographic plates or light-sensi­
tive electronic detectors in place of the human eye. 

• See "Experiments in Color Vision" by Ed'\\in H. Land, Scientific Amen'can, May 
1959, and especially "Color and Perception: the Work of Edwin Land in the Light of 
Current Concepts" by M. H. Wilson and R. W. Brocklebank, Contemporary PhyaiciJ, 
December 1961, for a fascinating discUSBion of the problems of perception and the distinc­
tion between color as a characteristic of light and color as a perceived property of objects. 


