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- XRays Gamma Rays ot : :
- Par’rlcle Beams SuS e Wy oA o e

« -~ Used in Mgglicine, Science, and Engineering
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Iomzmg Radlatlon and Its
e Detectlon e

” Muons A Nq‘rurally Occurrmg Source
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z ngh Ener'gy Cosmlc Rays
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- Detection of Muons...
- Muon Pa%ses Thr'ough Pla‘re Losés Ener'gy
;-f, = Lost Energy is De’rec’red -~ . o il .
- Signal Is Amplified e

o - Computer Records Slgnal and T|me
e Backgr'ound Ehmma’red by Use of Two P|GT€S
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Spark Chamber' ol "

s Scnm‘lIIaTor Detects Muon Sugnal

= VoHage in Chamber Incr‘eased _
- Muon Passes ThrougH’A Charged Plate _,“_ Moo
o Spark is Formed Due fo Elec’rr'nc Fueld .
x .Vlsuq].Demons’rr'afrlon for-Casuial Observer -
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Poor' for Analy’rlcal Use & = io B o i
e Impur'mes due to leaking |
- Random effects by other pa.r"rlcles :
- ‘Noft very. sénsmve
" - Gas and electric ¢osts hlghér‘ Than fpr' scmhlla‘ror' O

Exczllen’r for Visual Demons’rm‘nens , '_ : -
How We Use It . - o

- Charge®; high vol‘rage plaTes ar'e at spar'kmg Thr'eshold
(several 1000s volts) o

= Muon passes Through the pla‘re _ - g
= Voltage is increased over threshold. -
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Sc'intil,lator "Dété"ctér Desjgn
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Change in surroundmg media calses muon energy ‘I'bss in The
_form of a reléased photon =

Pho’romul’rlpher' ampllfy sugne-l ; sl e B S

Two detector’s W iaenirel :

2 Reduces randon error an‘ahgh’r l-eak etfects e M

.~ Provides system r'edundanCy i S ..

= -More sgisitive and precise than a spar'k chamber' |
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, Gas Mtx‘rure-(90°/e Ne 10% He)

Gas Dellvery System

R il

= Colorful but inert s s -

. = Costing, dthery supply and comparlson to argon mix
Connec’rlon Types and Tubing Types =5 S

-

- "NPT, the standard in gas.| leak preven’rlon

= Nylon and copper' used -for"flexub'llu’ry and ion r'educjuon .

RegUIaTor Flow Me‘rer' and Needle Valve S5

- Flow coggrol ' -

- Effective leaking rate measuremen’r and comparison -
Laminar Flow Tube (Reduca Inlet Ionlza‘non}’
Bubbler'

= Pressure lelTClTIOhS (<1 psi)

- Prevention of Backflow
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Hi_'gh Voltag‘é-‘Pul’siﬁg C_irc,uit L
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The mpu’r fnom ‘rhe comcmdence circuit is Sent ’ro g~ ¥
-one-shot chup |

This chip ’rgkes a short pulse from Jhe comcndence -
circuit and makes the long pulse needed fo.- - -
- pr‘oper'ly charge the spar'k chamber' o
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ngh Voltage Pulsmg Clrcult =
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D The vol’rage ou’rpu’r of the one sho‘r is shifted
. -downward by a Zener diode to ’rrlgger a ’rransus’ror'

. This is ohe of several soluﬁons whlch we pur'sue&
to shift the voltage * & = - - e

- -

: ‘I’r proved fo be the quuckesf (~65ns) . - :

.!

+ This tragsistor switches on a ngh VoITage ' .:" ‘

MOSFET transistor

- The High Voltage transistor is ’rhen fed to a*
tednsformer, which changes the small AC pulse -
into a large (several thousand volts) AC pulse
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o .-Comput'er‘lﬁterface s
:‘ e \ - i : = e ‘
5 The ou’rpu‘r pulse from the scm’rullahon cd'un’rers 5
-converted by’ ’rhe coincidence cnrcun’r m’ro a smgle

TTLpulse' >3 e e e

-

The short pulses from ﬁ\e Pho’romul’rnpluer' :I*ubes
“*elch of a few hundred negative millivolts, are . -
converted intoa single TTL dlngCll"pLHSé _ S

~ -

> TheeTif *pulse is only sent if pulses are r'ecelved
.~ from both PMTs-at ’rhe same ’rlme 5|gn|fymg o
par‘rlcle ‘ _
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-, The TT, pulse is sen’r to the compu’rer' afid ’rhe .
- ~hardware port interrupts the mlcroprocessor' | S
calling the interrupt handlgr. . e

+ .One of ’rhe computer pqrallel-por‘r pms (#10 ’rhe
*+ Ack pin) is used to receive the message~ . -

. The interrupt handler (installed/created by the q:’
IPRO) re®ords the par’rlcle de’rec’rlon ina
database.

.. The data is stored in the daTabase efflClen’rTy
both in terms of memor'y and Speed - ;

-
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- The dd‘rqba_éq can be queried To create d‘_'gf‘dpﬁ

T

- By using a §‘randar'd mdus"rry tool, Wis easy to

_ -.retrieve the. dafa and.use 1’r ln'cmy form =

F
S
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- Large hard drive reduces ’rhe number of 'rlmes -

.~ data must be downloaded B i
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An x-ray proceduré ¥
- .. =which combines many x-
_DECTAI ‘ray images with the aid
[?E- - of a cdmputer to
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_' * #thrée-dimensional
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el Adr'enal me’ras’rases
A Pa’rlen’r and His “CAT' fr'om lung cancer.
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S PELE Posﬁron Emission Tomography%n:
s e s W P.E.T. is the study and _ g
L ~ visualization of human physiology .

- By electronif detection of short- ’
lived positron emitting S

'r'adlophar'maceu’ncals

Radlopharmaceuﬂcals such as 2-
i 18]"Fluor9 D»Glucase(FDG)
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Mechamsm of Tomzmg Radlatlon
‘interact with matter =

Thr‘ee modes of interaction (dependmg of The
- photon ener'gy)

Pho’roelec‘rmc effec’r CompTon ef’fec’r and palr -
~_‘reduction - e o
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Iomzmg radla‘rlon m’reracT with several ’rypes'of
molecules in 'fhe cell causmg ionization.

- . s - oy '
g ‘ Lo _‘ - 5 ? 5

: _H-O-H ® He + .OH- %+ . (ionization)
= FEOHO HB:OH0" - o (fr‘ee radicals) _
‘OHO + R-H ® R-OH + HO ° (o’r-her r’eac’rlons) ':D‘

=~ y —-_—

S

Tonized molecules can cause o
several chain reactions leading to.
degradation of key cellular-

~components.
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Iomzmg r'adla 4ons dlr'ecﬂy _
‘Eleave DNA strands and al’rer' : =
- the chemlcaf s’rr'uc”rur'es of.. S o
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- Therapeutic Apphcatlons :
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. _ Acquirfed cancer - Processing
- cells from a

_Inject ,

L s | Ll - . processed fluid -
g - pafrent | - intoananimal
i = "~ followed by Ab
e - e hqry‘gsfing



" The common

4 A‘r’rach o
& siiructure of.an e
radioactive™ : I6 n‘rb 4 :
‘materiatonthe . e i - =
anjibodies -~ ¥ of ATchhed T =
e > petl . radioactive s '
e e e material = . o
5 iglect the - " T
antibodies intothe - - =
~ blood stream of*. et
2 Tha ﬁaiien’r.- i A e‘{;.—e -4-:-. [
: 3 O ||
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Pollutlon Control L

P
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"‘Wcﬂ%r Trea‘rmen’r Technology SR . w i
¢ UV radiation cgn replace chlorine inwater disinfection, which is
" particularly effective with Titanium Oxide catalyst, leading
to the des‘rr}lchon of pa‘rhogemc bacteria and undesired* =~ f. -
_volatile organic. compounds vna fr'ee radlcal oxidation -
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) .
- - - - :
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Alr' and Soil Tr'ea’rmem” 5 ; g .
~ Tonizing ggdiation can be used te form hlghly reactive © T
.compounds such as ozone. Ozone can break dowh __
hazardous compounds such as TCE in both soil and carbon : .
| sor'p‘rlon units used to clean flue gas emlssmns £

- » »
» s -~

~



The schemd’rlc fr'om the fall ‘ream 4
desngn was S’rudled

- 3

The:pesppn'sej’riﬁ'\e'was_ too slow,
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_ T 'Spark Chambe‘f‘ |
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. Ledk Tes’r(bubbTe Tes'r) A
~ The spark chamber' Ieoked ’roo
~much, : ; |
- causing gon’ra’r’nind’rign,’ g
5 Sl Secas A SIS
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The solu’rlon mcluded r'epeaTed sé
with a 2 componen‘r sealant, RTV.

A groove holding for RTV wgs required:
Leaks have been reduced subsTan’rlalb/ |
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o Problem

dparking - -

The fi rst. spaf"k that dpb’;e'c'xr'ed
It'is an artifgct caused py ions
near the gas inlet.

-

L) - i
; # -
- - - - ‘

t . o

. First pqr'T of«’rhe SOlUTIOﬂ o
 reduced gas flow rate and. mul’rlple
sinlets = 0 3

‘Secorid part of the solution®
Use of a laminar-flow tube, copper
tubing, and testing with an argon
gas mix. s

e, * : ‘ . -_ S itenets : -i.

L -
-~
-




s

*-° Additional Problems. -

: ‘I'\ ,_ - & g . - 5 po

3 Developmer}_’r p_.f_lc’m effective gg‘s.:,delfyery sys‘remf

- Finding regsonably priced suppliers . . =~ 1
. [\leed to determine appropriate size, thread 4ype =
' ‘ ’ B il A e s

- -t

* -~ -Poor supplier turnaround time "
z 5 | g
" ; - o h o T e S
- Poor specification information - e :

- - Poor quality pr'odqc’r_,s_'r"équir'ing replacement
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o f Additioﬁal’ Problems.

New Ideas for The Sys’rem S -

_ - Switch froimra DC pulse to-an e pulse

- “Requires a specually I'\'.\Ddlfled ’rr'ansfor'mer with-low,

inductance-’ -9 _
Requ\red fon proper pulsmg and spankmg o
= Low-pressure sensor -~ ey
- Allows timely ordering of new gas cylmder '
. --Coincidgace timing using GPS - 5
- Universal time code for muon detection
Need for Improved Communication . £+
# = - Addition of the bulletin board
= Pictures documen’rmg progress
- Increased number of hours outside i class
s . N -
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. Perfianent displdy i_n_‘rhe LS building lobby s
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»Joining or forming an ar'ray with other educa’nonal
ms’n’ru‘nons e SR Ly z o




., = Problem solving ’rhr'qugh péer"suppor’r -
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“The IPRO Experience:
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Communlca’rlon is The ey <o - % o - |
. - Awareness o’f team member' skulls’
= Commumca‘rmg progress= |
= Coorqu’rl’on of acTuvu‘neS« i

.- How to deal with real world problems = °_,
- _Learninghow to wor'k together over ’rlme
- Surprises never end
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