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1 Introduction

i bwpae  (pher f/? e

W-",,{ m, be f&i’c]? A
= , o greugh T
The goal of Lhis experiment is o determine the yoray alsorpbion costficient o

of graphite. This was accomplished by observing how the radistion intensity 1@ Erpr B
draps off as a function af Lhe gmount of graphite belwesn the source and the o
detector. The sourves vsed were ting amonnts of Cesiume 137, Radiationfrom S el s 510 oy
these sources were detected and measured vsing a Geiger-Muelier tube, aacil-

leseripe, and counter. The escilloscope was used to measure the pulses from

the GM tube, and also to explore properties of the tube, such as dead Lime

and charge per pulse. The counter was wsxd to measure vadialion nbensily

thromphont the experiment, such as backgronnd radiation. The gquealitative

restlts from the experiment ave:

* o The GM tube works best in the " plateas” remion between S50 and 500
\{ (1 Ll er wiaite,
o L
Joe. ru ot « The net eapacitance of the apparalus (GM tubs, cables, and oscilli-
el ke g suape) is 024nl" & 0.010F. . 7 £
v 10 at N e LEo2002 "Jr;:'- o
O»?”+ " i .ﬂl:}'? o'e'l;hr‘ charpe released during a pulse 1(&&(’4 £ v an ‘{rq,zh"F af v“diflm ¢ S el
-'h\a“ ] o5 0% 55 Fhe GM tube is most sensitive Cwhere it &erey B

It ol hee
i & " {1 ¥ £
u'l“‘}l . o™ reads & maxdmain of about 450 counts per stcond [epe) from the source ot da
&
pu“i’ e DBackground vadiation in the lab is 0.42cps + 0.150ps
.

j' 1",{0 G sg ¢ The OM tube dead Lime was 0.380ms + 0:010ms by direct messurs

1 .]{ oidr, menl, and Libms 1 i0.5ms by analysis of “skipped” counts,
th m o™

ervgr oF tie + Thealserption cosfficient of graphite Is p — 0014 =" | 0O002Z8 B L.

The rest of this report will consist of the daly, analvsis of the data, and ’{"‘”‘I?"‘ £

- & description of Lhe experiment ftsell taken step by step. .C’jw?ca-aw'
‘Eﬂmpolpm&nqm
ﬁ{j?‘lf rE
Lipo 3 ./,;!:?‘g?rrs-.r';wag é;’
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--/—],.di‘ " Bquipment At faaﬂ‘ ot sfresue b o

Tektronies TDS210 oscilliscope Thie nscilloscope was used Lo Ohserve
the configuration of the pulses coming from the (M tube directly
When the G-M dube s in equilibrium the ascilloscope reads som, so
what was displayed on the sereen was the voltage from equilibrinm.

LMD Inc, 7232 Geiger-Mueller tube The O-M Lube consists of a0 en-
elosed hollow metal eviindor Jept ab pround, with 2 (hin wire running
along its axis. This tube is filled with argon and sume "guenching”
agent. When in use, a high voltage difference is applied between Lhe
cylinder and the wire, lons knocked fres by the passage of high-energy
particles are pulled Lo the wite and sides. This collection of rhargs cre-
ates a secondary, non-equilibrium, voliage that can b seen as a pulse
af corrent, The G-M tube was used st every stage of Lhis experiment
in detect radiation.

Power Designs Inc. model 2K20 vollage source The viltage source pro-
vided the voltage difference necessary to run the G-M tabe,

Hewlelt-Packard 53144 smiversal counter The counter allows the num-
ber of pulses Lo be measured, rather than the shape of the pulses. The
cinEr registons one conpt every Liane a viitage above sone pre-si
fimnik is detecled. Since it was connecled m parallel willr the vseillo-
stivpe the same available data was observed by both.

connection biox The box allows the interconnection of the counter, cseil
loscope, G-4 tube, and vollape source while maindzning a divide be-
tween the high-voltage emdronment of the tube and the Tow-voltage
environanent of the oscilloscape and counter. This is done by means
of an interposing eapacitar. A capacitos allows the transwission of
changes in voltage, bt ned voltage isell.

) w'nff I@ registor The G-M Lube produces pulses of enrrent. As those pulsos
'f t_ - discharged througl the resistor they created a voltage that could be
aF pesegiant messured by the ceilloseope and connler,

0.01mF capacitor ‘This capacitor was used in place of the resistor so that
/ the total charge refessed in each pulse conid be messured,

7o babh .
EI00 v p doid
¥ thes H’m\ b (”"‘.ﬁlj



Casio Databank 150 The stopwateh finction on this waleh was used to
measyre long Lime intervals.

Cesivm 137 The cestom 137 provided the tadiation for meit of the EXT0L-
imenl. Crsire has a2 hiall-life of approximately 30.2 years, and the
primary [orm o radiation peoduced by g is v Tays. Gl i ollen
found in muclear Lallont, basl is not g naturally OLEUTTENg iSglioge.

2 Procedure

The first stage of the experiment was to find the platean repiun of the G-M

J;Jf" fube. 'This was done by increasing the veltage until the connter hegan (o

P\’U’ p  Angger, and then continuing to inerease the voltage until the counts were

Qligjf ‘l"‘f relatively Independent of voltage. The voltage was left in the middle of
e

& ;» fome natural capacitance. This was cvaluated by discharging the " capaciter”
,E %h i through 2 known resistance and ressiTing the decay rate by Ending the time
g Jv;‘* it takes for the maxioum voltage to fall to 1/e of its original value. The total
“ﬂ & ™ charge releasod in each pulse was found placing a known capacitance across

,!v 1" the inputs of the gseilloseope. Since Q = 1 measuring the peak voltage
%- t*h S'::\‘ of the pulses iinmediately vields the tota charge. By moving all the sources
5 Ji to the other side of the reom and readding the counter cvery seoomd for 12

this region for the rest of the experiment. The experimental setoup has .

gte

: ﬂg‘a\. S il . o g some? ﬁ.‘l'
jli. %ﬁ‘ Snconds Lhe background radiation can be catimated. singing the source 5 n
5‘1' j. (ix_( directly under the Q-M tube and satting the counter to refresh every second b ;"
; Li[,f 4 4" gives a pood estimate of tie maximum counling rate. vl %'h"-"
}“’ i’a To study the Poisson distribution it was first necessary to bake one hun- edpﬁ Ar\
J‘ﬁ ol t.‘-('s dred, one second samples. Singe the pm?(m‘,- is completely random there was r l
;;h ‘1;9( no séerd i tead every conscoutive secod. Aversging these values yields A, maw-w 1y
15 'I\E"" E,!( ‘3‘? the one determining constant of the poisson distribution: By grouping the {,"_V,. L 2
E"% i 5 ;ﬂ(!uu; m and counting the redundency of each the experimental frequency gre? e
() was found, i
}ﬂv‘ p[ 0 'ria" There are two anelhods 1o find the dead time. Doth involve putting ﬁ,e. ‘KH{&_ 1£0""
511 \{k,‘_ gources &0 close to the G-M tube that the tube doesn™ have Lime Lo recover P » J?{o.
C,wlr ‘!l,L' from one particle before another particle hits. The simpler, and probably L
." & more acourate, method i Lo watch the oscilloscope screen. After EVETY MAjoT %DF,'U d e
-{913 e hil the soreen shows the usual decay of voltage, then near zero voliage, then & W]}\-e
? &)“r”x aslow build up of spikes from Lhe inesming particles. The fime, a8 measured e PTTJ %L#_,
i % 5
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directly from the nscilloseope screen, hotween the tip of the big spike and the
Ligining of the smaller spikes i the counler dead tihme. 14 is easicsl o so
whese each region iz when the oacilloscope is sel to sverage aver 16 cycles o
soe The second method i to assume & dead dime 1 , with mincident, particles,
r ol which register in the tube, Then the avernee antput of two sources, A
and B, ave messured, both one o 2 fime and together. After some analvsis
amd math v can be found in lerms of these three averape values (denoted
Na, N, and Wyg) !

In order to messure Lhe shsorption coefficianl of praphile several mes-
sivements of the radiation inlensity throngh varying thicknesses of graphile
were taken. In order to decrease the error cach graphite slab was exactly the
samne thickness, and messurements were of the form "time to one thousand
eonnts™ rather than Ycounts per Lime interval®. By counting to one thotisam
every time s relative erros af 3.2

i { 7 i -
'_Hus Ty J&,Tc\ g f‘i 'L_i,,g r'?,Sm.!.-g

3 Dala # of ﬁwj}.-f_,.'s e btfolwﬂf
T 7 - R
Pulses: O = AT/R = (24m5 + 018 ) <0 240k = 0010 In }I“'j s
(= CAV = (L0ImF ) E80mV £ 2ml) = LEnd 4 0.02n0 {Cc’-{i 2l

Background radiation: B — 0.424 .15
The Poisson distribution: A — &.07
e = A/NVo = 0.248
Counter dead time: N, — 687+ 8
Ng =478+ 15
Nayp =722:L 13
Absorbtion coefficient: thickness of 7 slabs = 52.5mm & B
thickness of 1 slab = 7.5mm & 0hmen
= 00122863 £ 000007206 man 1
¥ =506
o =041
4 Loxt o
: ; 1 data es fext o
There, are fwo :.m?f Fo f"””‘ J
G &y‘r:i j,veg ﬁ‘ﬁ J\Mmi}:ﬁﬂ
= '

. f‘agoft. This o5 nedies ome
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4  Data Analysis and Results

Lirror analysis was & big part of this experiment. The Sollowin eouationg
£ L P 2
oo doad with determining error. The equstion for the deviation of the HIean, oy,
-

{p\‘}”o&U

is:
2o Yoo 1= & 2
i R gt= Yo _x ()
; 2 4 £ R He—1} =
]f.lu‘ S e k=l .
o ! ] To find compourd error for 2 fanction of seversl variables the required
e

Tunetion is:
wit o e = 2
b LI a
rlﬁ‘ e e o? —E.—f ol (2)

o i O
.n?- : go where [ = flny, s, .., 2)
¥ ‘\LE" In the: case of the Poisson distribution the deviation of the mean is given
it by

. .T\ ) S\'D -l f{).- i
| Aww{j‘f“fh 207 R &
| 2 P 5 And Lhe Poisson distribution itself is
,ﬂJ . L g am
oA Lyl -5 o
Ill‘"i‘o i 3¢ where A ks the mean.

by To derive lhe dead time by counling one can use the following cquation:

e jio’ hn i k= s &r’w{_NLM__ NL'TJ (5)
¥ R Ny NalNy

v The size aml skwardness of this equation makes propigation of erear (from
- N Na, ond V0 diflicult.
The equation for the radiation intensity thl'{)ilgh x meters of graphile =

0}5}(—\? T=dge™= (GJ
where i3 the absorption coefficient of graphite. And
ld =infy - px (7)
This form allows g to be caleulated as the negative slope of the best
straight-line fit. The y-intercept is unimportant since it depends only on Iy,
the unshiclded intensity of v-ravs. which of course changes radically from
experiment {0 cxperinment,
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5 Bumimary and Conclusions

I Lhe course of this lab it was shown Lhat the Poisson disteibution s a pood
aproximation for the froguency distribution of @ cadicactive sruree, il found
the absorbtion coellicient, of praphite. T was also seen that the radiative dies
fall off expanentialy with thickness, exactly as the moleenlar modei predicls,
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Table 3 Poisson distribution for 100 veadings: counts per sacond m, actual
oeeurance of m, predicted oconrance of m
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‘Table A Dead tiine count measurements for source A, source B, and soures
A and 13 together

Ny [ Mo | Nag ]
G968 | 492 | 714
78 | 481 | 707
65l | 452 | 713
GE5 | 961 | T
BGT | 454 | 747
CNESEEE

10



Table 5 Time for the counter o registor 1000 particals through 1 to T
praphite slabs of thickness 7.5num 0.05mm, the natural log of the nmumber
of counts minus the expected count due to backpround radistion, and the

error un each data point

number of slabs l seconds ¢ | ond count'n [ Info/i -

a
1 213 1007 145 0053
2 235 299 1.39 0034
3 255 [EE] TS [EET]
4 plif] 1001 120 0.6
B ] 1000 10 | 0035
- . 306 00 105 | 00Es
e 358 000 (.86 0,037




natural log of intensity minus background In(1/s)
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