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ROENTGEN EXPERIMENT
Roentgen discovered X-ray. While performing
experiment on electric discharge tube Roentgen

observed that when pressure inside the tube 1s

10"mm of Hg and apphied potential 1s kept 25KV

then some unknown radiation are emitted by anode. \ |

These are known as X-ray. X-rays are produced ‘\\ﬁk{%\ ,

by bombarding high speed electrons on a target of
high atomic weight and high melting point. U 4{ 4 }{
1o Produce X-ray Three Things are Required
(1) Source of electron (1) Means of accelerating these electron to high speed

(1) larget on which these high speed electron strike
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Coolidge developed thermoionic vacuum X—ray tube n
which electron are produced by thermolonic emission
method. Due to high potential difference electrons
(emitted due to thermotonic method) move towards the
target and strike from the atom of target due to which

X~-ray are produced. Experimentally 1t 1s observed that

only 1% or 2% Kinetic energy of electron beam 1s used filament

1o produce X-ray. Rest of energy 1s wasted in form of window

heat.
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< Characteristics of target

(a) Must have high atomic number to produce hard X-rays.
(b) High melting point to withstand high temperature produced.

(c) High thermal conductivity to remove the heat produced

ATDB.uno
(d) Tantalum, platinum, molybdenum and tungsten serve as target materials
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Continuous spectrum of X-ray : When high speed electron collides
[rom the atom of target and passes close to the nucleus. There 1s coulomb
attractive force due to this electron 1s deaccelerated 1.e. energy 1§
decreased. 1'he loss of energy during deacceleration 1s emitted in the
form of X-rays. X—ray produced in this way are called Braking or
Bremstralung radiation and form continuous spectrum. In continuous
spectrum of X—ray all the wavelength of X—ray are present but below
a mimimum value of wavelength there 1s no X—-ray. Itis called cut off
or threshold or mmimum wavelength of X-ray. The mimnimum

wavelength depends on apphied potential.
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. Characteristic Spectrum of X-ray
When the target of X—ray tube 1s collhide by energetic electron it emits two type of X—ray radiation.
One of them has a continuous spectrum whose wavelength depend on apphied potential while other
consists of spectral lines whose wavelength depend on nature of target. The radhation forming the line
spectrum 1s called characternistic X-rays. When highly accelerated electron strikes with the atom ol
target then 1t knockout the electron of orbit, due to this a vacancy 1s created. To fill this vacancy
electron jumps from higher energy level and electromagnetic radiation are emitted which form
charactenstic spectrum of X—-ray. Whose wavelength depends on nature of target and not on apphed

potential.




Characteristic X-ray
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. X-ray always travel with the velocity of hight in straight line because X-rays are em waves
. A~-ray 1s electromagnetic radhation it show particle and wave both nature
. In reflection, diffraction, interference, refracion X-ray shows wave nature while in photoelectric

effect it shows particle nature.

¢ There 1s no charge on X-ray thus these are not deflected by electric held and magnetic held

' X-ray are invisible.

e X-ray allects the photographic plate

. When X-ray incidents on the surface of substance it exerts force and pressure and transter energy and
momenium

. Charactenstic X—-ray can not obtained from hydrogen because the difference of energy level in hydrogen

1S very small.




ABSORPTION OF X-RAY

uckness then its intensity I=1e™

e ———————te,

When X-ray passes throug
| = Intensity of incident X-ray

| = Intensity of X—ray after passing through x distance

1 = absorption coethicient of matenal I = 1. WS

NN S NN
* Intensity of X-ray decrease exponentially. VNS ‘
* Maximum absorption of X-ray — Lead o

* Minimum absorption of X-ray — Air
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a distance d from the cathode. The target 1s Kept at a potential V higher than the cathode resulting in

emission of continuous and charactenstic X-rays. If the hilament current | 1s decreased to 5 the

I - IIZ VO > 2'V0
R e, AN\ 4 ;\* - hdd' d
potential difference Vs increased to 2V, and the separation distance d 1s reduced to 5 then

[JEE Advanced-2020)

) the cut-off wavelength will reduce to half, and the wavelengths of the charactenstuc X-rays will

remain the same

1?<lhc cut-off wavelength as well as the wavelengths of the charactenstic X-rays will remain the

SAC
\(Crthe cut-off w avelength will reduce to half, and the intensities of all the X-rays will decrease
th cut-off wavelength will become two times larger, and the intensity of all the X-rays will
A

CINASC
U X-f&mm =& |9, 9/ | 7w fFu 7u vF 9+ (F91%) | i seaed, #7918 9 d 0 W UF 79
(UATZ) | Z&d 2| @49 &1 %91 ¥ 399 fava v T @ 9 ¢ 59% gftormsasg q9aq a9
Afvensgiorg X-fFHon 1 3874 8 %) 32 7= 1 9 1 1 1/2 9% 929 9 8, 74 favars v, 2V

A% 4% STl € 991 99T 34 d, d/2 9% W2 9l 8, 94 [JEE Advanced-2020]
(A) 3de® aUTesd 39 a6 92 A a9 Afvenaforss X-fFon &1 aoesd 99= 541 800 |

(B) ¥ias dimed aq1 sfvengfos X-fEon +1 e J6E 741 8

(C) 3da d0mesd 309 d 92 S a91 g4t X-f&1 &1 draar =297 |

(D) #de auresd 21 71 A @ S a9 | X-fFon &1 draard g2
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Q.3 A\ metal target with atomic number £ = 46 1s bombarded with a high energy electron beam. [he

-

emission of X-rays from the target 1s analyzed. 1he ratio r of the wavelengths of the K, -lin¢ and
the cut-off is found to be r = 2. If the same electron beam bombards another metal target with

Z = 41, the value of r will be 2 ) 8\ Gss

io_
() 2.24
|10 s
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1.  Whichone of the following statements 1s WRONG in the context of X-rays generated from a X-ray
tube [JEE 2008 ]

(A) Wavelength of characteristic X-rays decreases when the atomic number of the target increases

(B) Cut-off wavelength of the continuous X-rays depends on the atomic number of the target

(C) Intensity of the charactenistic X-rays depends on the electrical power given to the X-rays tube
(D) Cut-off wavelength of the continuous X-rays depends on the energy of the electrons inthe X-ray tube
X-f&o 56 |/ e X-f5n % 92 1 9= 9 3 399 95053 359 87

(A) AfE F%3 TTHY T THY] FHE derd 9 @ Afvagios X-fEon £ aoes 920 |

(B) Haq X-f&101 #1 37 (cut—off) TR @43 YIHMY & e FHH 9 97 3 2

(C) HAfvmgfors X-fai =1 dam X-fFra 3@ %1 & 7 faga vfm w fanf w6 £

(D) Fad X-T&To 1 3% a0 X-T%10 761 9 sea2[1 &1 T 9 [ 3610 2

Ans. (B)




20. The wavelength of charactenistic K -line emitted by a hydrogen like element 1s 2.5 A. Find the
wavelength of the K -line emitted by the same element (1n A). |Assume the shielding effect to be
same as of K |
U FESISA HgYl dcd g1 Iafera sifvensfors K -Ten &1 auesd 2.5 A ) 3 9 510 Iedfsia
K -T@n &1 a0 (A °) a6 ®ifse) (9 & gfeem gvwE K & 994 8 2)

Ans. 2




1S. In an X-ray expennment target 1s made up of copper (Z=29) having some impurity. The K _line of
copper have wavelength A . It was observed that another K line due to impunty have wavelength
. C£ |
184 "\C: |36 (29"") (|-,_ ‘Z;_)

675 A, . The atomic number of the impurity element |x,/\
‘ \ -
0

-_

X-fTm gam 7 #83 914 (Z=29) | 971 §30 2, o) 9 s91fg %) 9@ #1 K @ & aved o ¥

. : §o s & 2 0 . g
AYTE & FAV W9 {49 K @ F1 J7eH 5 7o T4 Bl €| AYITG T 1 YTHI] FHHT 80N
(A) 22 (B) 23 (C) 24 ) 26
—h-c—"‘l'se(znz = -
3 EE : P
Ans. (D) 3L 2o 1 S
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23. A graphol |y (where visthe frequency of K line of the characteristic X-ray spectrum ) 1s plotted

against the atomic number Z of the elements emitting the charactenistic X-ray . T'he intercept of the
graph on the Z-axis 1s 1 and the slope of the graph 1s 0.5 x 10" S.1. units. The frequency of the K_line
for an element of atomic number 41 1s given ;nl/. Find the value of a.

Afyenarforr X-fFmm 3mfSd #1 ® @ & 9] F9e Z 9 |/, (9@ v Afvyensfoes X-fHo 25em

1 K @ &1 Agfa 8) & 99 Ai@ @i 9101 21§69 AE F1 Z-34 W H{<@vs | 991 39 dE F

@ 0.5 x 10* S.1. 18 9T Bl @ | 9OH1Y] HHE 41 916 Ffr‘*'i\ljﬂ K @ F A™| ax 10" (Hz°) @

. " Slo N

Al o A Fif g Slope =Hamp = S X107

Ans. 400 -
\RT = SXH?- 4 ~l> 6

V) = Adox T — 4 (1)
\r_ \‘0 —-ZX(O Z:k:‘ ,&S \
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EICCITONS WIth GC-BIOZNE WaVCICNZU . 1Al ON e target 1N an A-ray e, 1The cut-oIm wavelengn or
the emitted X-rays 1s lIJEE 2007]
ST-9eEl qTes ) 91 soERld UE X e & 9143 W Aofad 29 81 3fsa X =
< dquresd 9 8-

F AN

. 2mcA” : 2h ot 2mec A ‘ :
(A) A, = (B) A, = — (C) A, = , (D)A,=A
h mc h-

Ans. (A)
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K _ X-ray of another element of atomic number Z'1s 4A. Then Z'1s [JEE' 2005 (Scr)
Y FHE Z = 11 96 a0 57 3fed w1 1 K X-fFm & a0 A ) 44 e 9 K

(A) 1l (B) 44 (C)6 (D) 4

if |

Ans. (O)
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The wavelength of charactenstic K -line emitted by a hydrogen like element 1s 2.5 A. Find the

wavelength of the K -line emitted by the same element (1in A). [Assume the shielding effect to be

Qf\ﬂ same as of I\I
UF BEEIA HeYl dd g Icdfea AAfvensfoes K -T@n 1 avree 2.5 A 1 59 a9 g1 3t

K -T@& &1 902 ] (A H) ‘—Trawﬁmmmf?vfmmumi\ hH A B ©

12400 | s —_— -"—-
L Q |) (
Ans. 2 12900 . 13- 6 (Z - x AT NP
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