
2.1 u n i i  

R8~dn~~n#uwu~~utruih (wilhclm Conrad Rccntgcn) l~'h.ff. 1895 uolr 

~ n i h k i l n v i n n o ~ ~ ~ ~ i n i a  ~ i & i ! o i q  rdni cx) mairiim'lrinaiuii riuiioor15 
SiP  K A s a d  nifildlfiurii 1fluiJ3nm~uuluoudolnnnaou~1~iud~q~~du'~lnr i)c~liuainaiuii 

4 pda ~~~nbflun~u~uuriln~n1~l~irw^~~u~~u~?iuui3ndud5ruiol 0.01 - loo Qnnaou 
- w  2 ~egr j , l~ i~a iu~1#~ i i f~3~$ 'n4 i iqwau~n~~u 

1. 1fIun~uririrndn'ld41 fin?iuui?nndudszuisu 0.01 - loo thansou 

2. n i~r~wr~u~duns~~~u~3u~n 'u~ ia~a I i . ~  niuirow'iunuiuldAi~~nzrruiu 

ttri~$n~fl@u'lu'iini~~ddnuu~~dn~daznis~~ 
u J' 

3. niuisnN'iun~qTfiqI6uinniil1n~nii.j iiu mln~niiun~q'lu, luonk 

~ y d ,  #PI'!, ~IHIUIP~, n7lRillh'l6 

4. dil#~~~n?iu(ii~uRn'uCiiu~d1# ~iutSu?(iU~~n~niiq 

5. utiIXnirui~olii~ljio~1~n~16 



Mve Iength 
Meters 

E 
M c m  energy 
electm wlts 

A-M d i o  t I F-M r&, Televi:sion 

M i c f ~ u e ,  vadaf 

Red 6,600 

Or- 6, roo 
ye\b 3,800 
Gveen s ,m 
Blue 4>7m 

Videt 6,100 



3 di! 2.2 .em+ sd NQ nYd iii nd 

d 4 m i ' a ~ f i 1 i ~ f i ~ ~ ~ i o n ~ n 1 r z n o ~ ~ 3 u n a o m ~ ~ ~ i n i t t  n iu~u i lh~~~ inoc iL  IX 
nnoR (filament) d ~ f i ~ < ~ a ~ ~ 8 ~ ~ f i n ? ~ k n ~ f l l z i ~ ~ o u n ' ~ u f i a ~ f i ~ o ~ ~ a o f i ' 1 d  ~%#IuH& 

n d o r  duilh (target) ~ I # X J I ~ H Z ~ ( S ~ ~ ~ U I J ~ ~ ~ ~  idu f i t l l s l ~  (tungsten) H ~ Q ~ U ~ Y R U ~ J  (molybde- 
A 

num) 6ariuifqu-m k<~nuunzf u ~ n c i a n ' ~ ~ ~ n . n ' . ~ ~ ~ ~ d . ~ d 1 u 1 d ~ ~ . ~ d ~ ~ ~ ~ . ~ ~ n a o u ~ v l d 1 ~ . ~  

n i l  20 iilahnn' do~Xnrrun~nnriiuIdnno~ o z ~ i 1 ~ i i i n n s o u ~ ~ ~ o o n ~ i n 1 d ~ a o f i  
l l ~  d - 4 '  a ~~uqnaz~"P~fi~mhnArout~ivi diInomn~~ouihrX~ciu~w'uvu luoitvhnxnuifquqn 

d d &dotiulih wk~1u01u~ud:~n~d~uuo~nu11u~d~'~~~ono11~ia::n~iu~ou 



a o m n m r o u o ~ n a ~ ~ n r ~ o ~ n o ~ ~ i ~ ~ ~ n u " a ~ n ~ ~ d u t n n ~ i ~ ~ ~ ~ ~ ~ ~ ~ d ~ ~ n ~ n " ~ ~ o ' ) ~ n ' ~ n ~ u ~ d ~ ~ ~ u  d A a 

d d d d crYcrA d A n d d d  o~naJi~u~d?alon ?4al~nl'l l~fiuaJr~l3unil nlllrnl~o5rrrplnronwLru (Characteristic 

X-rays) B ~ ~ ~ W R ~ ~ ~ U ~ P W I Z U ~ . J ~ I ~ ~ ' I ~ U  ~ f i ~ i d i l Y i i f i U w a d i ~ r ~ ~ i 1 ~ w ~ 4 ~ 1 u ~ ~ ~ ~ ~ ~ ~ ~ ~ i n -  

~roulu?~rrlnta~~uXu ~mza.rlnsrqcl~iu 

2. ~i~mhnnrou~.rH'iu~ndu'a~n"aud~~~n~mtmunuiu~d~i hn'sl~indaz~uan 

iiIuu'?m~un dil#~ii~mad~uun'nni~ uuaumrdvii~~fi.riuuo.r"~~inmrouasla~ 
d d d d d A  4 l m u n i u o o n u i ~ u ~ d ~ n  k8~bnruuroaunii ~urunflaifi (Bremsstralung) wih~iu 

d cdcr. uo~i~~~ononmlmm~u'fl~~~uii' st.i;iibuduinniiaufLi;nu'ou5~diqa4fiLn'idozd16 



B a *  d  dds A' ihediad 2.1 o~diu?oln?iuai?nnun~u~qRu~~5'~~~tn~11nLnRuu oinnnocl5'dt6na' 



a 4: 4 d d a  .Y nairuvianaunnunq~uods'~~~dnc11~~n~uu~innab~s'd#6dndddnaiu~i~ 

8nmi 15,ooo 'bani 6viifh or828 ~ d n ~ s s u  

s =ad 
1. 6 6 ~ ~ t ~ 1 6 l J R ~ 6 ~ 8 f l 5 6 ~  (electron source) 

t a d  
2. 1dlad~46do~85tolanA5ou (high voltage) 

3. Vlld6R'U~€ld8l~~fl50~ (electron path) 

4. 6fl1 (target) 

5.  wnomuhqqlryimrr (vacuum tube) 



X-RAYS 

l o  9 4 0  
LIWWS~liUGlblRPIR5Q~ 

P 4 d  ~ind;r f i i iu~sia~mrou~i~i~ i~ua~~~u"~ 8s 

I. l u r ~ u n a n u n o ~ k R i ~ n ~ r l ~ ~ i 8 u ~ ~ ~ i n 1 ~ 1 ~ i ~ u  mulutornouuo.r 
4 sr ~lnsn{soy' ~uolnnrr~mldhlnadiu o r ~ s u ~ r i 6 ~ n i r i m n 6 3 ~ f l s s s u ~  !ossuu?n 

t I * d v 
or%~v,Y,nu ri11~oianmseunq~eonoinU'~a~ 

2. lurrurn'ouidrui n.n. 1913 ~ n n " ~ i  (Cmlihge) ~ ? U I ~ ~ P U ~ B R ? ~  
9e d d # ibng"ifidu n 1 r l 0 l # n n o ~ ~ f ~ u ~ ~ u 6 ~ l ~ s ~ n n m t ~ ~ ~ n s ~ ~ ~ ~ 1 s n ~ ~ 1 ' ~ ~ U r 1 ~ % i ~ i ~ u u 1 ~ ~ ~  

la d a  
nno~k#isngnlfluilaqCu 

'1JnnoRhainln~rdtq~n~su6~~~ lriu vbnislu (~~nnsu63 3.370') 188 
me!  4' v=+ d 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ u ~ # H ~ Q R o z ~ ~ ~ ~ " ~ # H ~ Q R ~ Q ~ u H ' J u ~ w u  ~ ~ ~ H Q ~ R ~ R ~ O U M ~ R Q Q ~ ¶ J I  

hiihnrzimrnn 5~ii~mrouii~rnq~oonuiuin rsuq I d n a o ~ o z t l n n r ~ u ~  dodild 

5k~roum~su~dkh~1nu'~d~s~nirdun?' i  hh%86'w (Focusing c&) & I ~ W R O R  

1in:Trliin3~cin o~roes~dun~oi i  iinInniioniaud (cathode assembly) 



A ' d  dd d q nlrlKa (foul rpot) lfluu?~~il?prwunuo~lilino1nnmao~mnn~zn~1~nzlXf'4~1i;n4 

Donu1 
d d d A d  rnrdiuniwoia~miahl~~l4?~~~ono11 arolronii lriilon31rl (radiograph) 

biXo~nnlflliaiun:l8u~ (detail) cro~nrnwr~L~~~lr l r inuui f i~ in  Qtlkinld~notd 
d d d A  cr duuimlnn s.suwn.unii ld i~nn~uun'  (fine filament) ~~oilzPilnornui~tbnlriaiuiao 

nunrnmlhnlin & iu  b1Xo~n~rd1uniwl~ul4r~~z~n1wYo~ 1mzlio~mrn?iulduq4 
0 A c r A  cr 

1 ~ u l d  liin onozi?mnn8ou1n? ~ ~ X o ~ ~ ~ d w n a c r i i ~ u u i m ~ ~ ~ v w  .r~uao~aunii 
d d i  non~aniluun' (corn filament) kifu wHnoclfi~~onanl4o~lu~o~~'udoz~ldwno~S~ 

noolrii~ 

fl313Jd 148fld ~ I M M U ~ R  (Tub voltage) 





E- = (6.625 x 10-=)(3 x 105 
(h- x 10-1°)(1 .6 x lo-'') 

= 12.4 KeV - 

X I liuuinuu iuolo.riTunnonrnnnii 70 m ~ i  (KV,) sziiimintiilwi:: (characteristic p u ~ )  

#U fild; 2.8 

I 

~ d z  2.8 ~ ~ g 1 6 1 9 ~ ~ 8 i r ~ i z  (characteristic peak) 



maluluniulu~aesr 

n1uluwnomiJ3tdn iinaiu~u3oun41 lo -5 unnlums a a uo4 

dson do~n'uWlX"I#Hnomiib ~ n i r ~ n l w i l  ~lnzrlilwoanmrau~~una Il.r d 

mbouildui1uwnomf4~1odnfi ou'i.jls~mi~wnom?~8~on011nl4ui~6ulani d d.4 

d' uiuai~ii~mduuinuu suoidi 

nasa&aq Fqimcl 
d A  d wno~k~lbni~8uwno~~~8~qqqin iu  awo~1umio~Lwsuaolrunii uid- 

G4 (housing) dumr h1uund~.~~$udi~ i~~~.~~r f~r i6 ;o .~n1~~u'1~o0nui iuuo do~lilm 
8 Id'?di6nioonui gun41 noaSrulmoi (collimator) awi.roor~uulcruo~d15'.~31b; 

qrnuu?u~4msC/14~$~~di 

1. iilauormouq4 mnr i i  nirdiimuo.moup o-lX?4i?idnbinniitviri/ 
@ 

Ginuormoudi 
4 

2. iicpcmaouhg.4 ~ ~ o . r n n ~ t ~ n n u f o u u u ~ ~ i n  ~d i i~hsd ia inn is~nu  

naiufoulfi 

3. dnisJi1dfliff 

ididauuinviiuisinw'.~~~mu (tungsteli) 

I ~ O ~ U F I " ~  2Gm 
A a 

I .  ilolumnd (stationary mode) ~$UIIUUM~~OUCII~II I ~ I ~ ~ @ ~ ~ ~ ~ ~ ~ Q T U R  

orQn8r#nnsouau r di~lw~.r l~umnocl~i~~o. j~aomf.~i?~dnd 
& d 

2. 1 1 0 b l . J ~ ~ ~ ~  (rotating'anodc) ~ $ ~ ~ ~ ~ ~ d ~ l n o ~ n l f f l m u ) . ~ ~ u r o u ~ ~ n u w ~ u  
PH 325 5 1 



rl d A '4 rl d dilhuil~~mun~u8rdnm5ouiw)~uu dilCnuku5ruiuoonldluiuonn~i~ miudnii 

aolu~~yuX7un2iuli3dszuiw i o , ~  rroucioui3 #oc~yuiolufiJrruitu i ui% tiou 
d d A  mof lo~ t iu l~ l~ i i l i ;nmrou~~nr~nu~f i l~~~~u"~  

uuliilululiiu w ~ u ~ l t o g r i o ~ ~ l ~ ~ f 1 3 7 u l a u M 7 U n ' ~ L ~ 1 c i ~ U U : ~ ~ ~  
A d d  d r iuoomnmrou$sulfli uonnntrl#s'4B~onr~tX?a &oirorlAa~i;nmrouoon 

d m#iu i idnarou~~diuoi tor~4~u~ao~~~#a M?D d 2 ~ 6 l 8 ~ l n ~ ~ 5 0 ~ ~ n 0 d r ' 4 i i ~ i d n 4  

s'.radn46iiimlhd8us'4~idn4ddiui'144iu~11 1m:~~dil#qrlslniwuo.jniwa~n~#3~ 
* * 

d Y * P d  otdio~udk5j#iind$in"m~hu"n"4 bul4iwiulrmmroullli1.r ~drodo4fiuinrahnuomn- 
2-4 , m~ou~m~maini lh~~~ju~n~ruu~o~runi i  e ~ l l o l u ~  (hooded anode) 

HOOPED m40E 

2. n~uuimdring (apparent size) uo~pm1diinlRi;nn~ l~umrCiihl8l8u4 
d  r diyabunii 90" riu~rmi~nirmn'ouduo4~lS;nmaou dil8~~wiIouii f4#lon~oon~1 

dd.4 d d  oinpfi~~rinnuwunmnniiQn~~iia6~i~o~4 (me f o c ~ l  spot) liunQcl~d~adii Q R M ~ ~  

d ~ l n g  (apparent focal spot) 





i 

3 dd 2.11 ni~ lnru iuscq nTdBi.d~in(~ . 

e.6 3 a redrfl n geei effect) 
d d i~iltonan&uiu~ir~~n~finn^u~fiud~uu~~~fli dildn~iui#udiruoaka 

d d ionmfioq k~n~ni~#iuilolufioof~nqfinn"uuinn~ini~diu~~n~nfi &du ~?iui#u 
d d uo~R~ionrni~biiuiinlnfirt:uinniidiuiiolu 17adnngnirPidi~fl~Bn4ijn~iutGu 

1 i i i  o ~ ~ d i j l ~  I u n i ~ ~ . l ~ G ~ i u i r ~ 1 1 8  an iod~finll lfialG3n~01oi (filter) 
I 

b~i~ulauziin~iuuui1ri~n'in'~~1~~flu11id3~1n~n'u~fidi~fl1~n40onui nqiuciui 

uaa~ni01as?niadiutiolufirYo~niin~1~~~1ni~diu11nlnfi 
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n~iuniuisolunisvti4 

1. 113JZiwwm~~[ 
d d 

voltage) ~ ~ 0 R f i ~ 1 0 f l " l l l l d ~ Z H ~ ~ ~  0Z 

r z ~ ~ i ~ i ~ ~ h e m z t i o ~ u ~ j d r ' i ~ u o ~ ~ n a m ~ i ~ ~  jdr ' i . ru~.r~~~~Tu~ im:~dii.ru~.rlinT~~ 

hoditibu i i r ~ ~ u ~ n o ~ ~ ~ ~ ~ u o . ~ ~ n ~ o ~ ~ i l u ' ~ s ' . j i l ~ # n 4 . d u ' ~ ~ i u ' ~ ~ h  l~ui l lun "25" 

(Machlett dynamac cc25q') tni(iU 100 mbj  ~~( iodi . r~r i imiu~na~r ' . j~~~n~d~~#s'unisoon 
A P  4' ~ n u l # n ~ n r n n u ~ o n i r ~ ~ l i u l ~ l s ~ ~ u n i n c l u u  lflu$4nri?l~uinniiiis.~6u~.j 

2. f l l~ l l l rwan4#~!#~gbtl~4~t l  (Maximum filament cuxrent and voltage) 

dtlduu~ulv(63nni~uun"~int~odami1~un' ci?od>~ldu nnrrusmz~n~kuuo~i& 
,,A d,Y t h i i l a k a n h u l a t n  'l~uilan "25 rtuncno~3nniaud (p~ldiindnng 2 

iin8iu.r) ~m~'ldi4nniuun' (gcllvlg~dnn~ I iiniiiuvtr) ~ f i i o ' l ~ d  qclldtlndn 

(1 uu.) 3.0 - 7.5 l ? n h  3.0 - 5.0 iiauiidi q~MCnbqj (2 uu.) 4.0 - 12.0 lqnvf, 3.0 - 
d dd 

5.5 iiouildi di~funna~iJ#i~nrn.iii~iuriIlud~4 (iinnvy~rin) n3snnld~no~qrqa 

dih 5.5 uouidi ri~uwno~d'inirdinu5~oion'u~~u~~niuiu nrzim'llhlno~g~q~ 
'd: ncmsnibditiu 4.5 lioulidi m r r i i  qol~q~o~~&nom~W"uuuuin QUO?QUL~O~#~~R 

naiur~uwmirdldvno~~# 

3. r1C941ug. 4p. n (maximum energy) d u n f i a i ~ ~ ~ ~ ~ d l ~ i ,  i i~~lucl LIIIZMI~~P 

nirnmiuTl8 ndi?&lumouuodngu'~~ (hat unit) l#8?do hu lk~+! 
PH 325 55 









2.7 ld ~ ~ u Q ~ M ~ ~ G I ~ " J ~ I ~  fd 

~nens'.r~~dndi~d~no~m~unis~#~iu!# 

n?iufoudft l ~ 5 1 Z ~ l ~ Z m b J ~ % j 1 ~ 1 f l ~ l ~ ~ l ~ l ~  
d dm- 

2. H~IDFI%~~LQ~I J ~ U  O & f  5f1 (diagnostic x - 

~ I R ~ ~ ~ ~ ' J ~ ~ ~ U ( ~ ~ U " ~ V Q J I L Q ~ U @ L L ~ ' J ~ # L ~ ~ W  2 wan idwih 86 
lo. d 

1. waon~ao~umo~nun (stationmy anode. tube) 

2. naonfhlo~unw u!# (rotating x - ray tube) 

2.8 slaiui3 ndn6 ~ ~ s w o t d d  rb nd 
wnomkilidnd ~#ol~ifIu~anirnu oiae~iiinnaia~dng$u &d 

d d 
1. 1Rirnanuim ~iinnnmm5runnnsziu 1 n o ~ a w i ~ m ~ o s 6 i u ' ~ 5 ' . ~ ~ 1 o n ~  

PH 325 59 






