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I Multiple choice questions — 101 questions

’ An electron moves in the energy shell (n = 4) around the nucleus of a hydrogen atom,
accompanied by a standing wave of wavelength A as in the opposite figure. The radius of the

Shell iS Yrrrrrrnne

(&) (40)/ () (2\)/(m) © /@ ®) A/ (@2m)

a According to Bohr's model, if the wavelength of the wave accompanying the motion of an
electron in one of the energy levels of a hydrogen atom equals TTr, where (r) is the radius of the

electron's level, then this electron revolves in the energy level vvvvvvaene

WK ®L O O

e Which of the following values can be the wavelength of the wave accompanying the motion of

the electron in a hydrogen atom, given that (r) is the radius of the orbit?

@ST[r 3Ttr @21‘[r @4/3nr

° If the wavelength accompanying the motion of an electron in an orbit of a hydrogen atom is
13.32 A and the circumference of this orbit is 53.3 A according to Bohr's model, which of the
following figures shows the standing wave accompanying the motion of the electron in this

orbit?

° An electron moves at 7.28 X 10° m/s in the third orbit of a hydrogen atom. The radius of
the third orbit equals «vevaenes

(A 477 x 101%m (3)9.54 x 10°m (€)1 x 10°m (0) 47.7 x 10° m
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e The opposite figure shows the pattern of a standing wave accompanying the electron of a
hydrogen atom in one of its energy shells according to Bohr's model:

(1) The order of the orbit (n) of this electron from the nucleus is vveeevrses

@1 ® 2 ©3 OF

a The opposite figure shows the pattern of a standing wave accompanying the electron of a
hydrogen atom in one of its energy shells according to Bohr's model:
(2) If the radius of the shell of this electron is 4.761 X 10719 m, the wavelength of the

standing wave accompanying the electron equals «vevaevaes

W15%x10°m ()3 % 10°m (©)7.49 x 10%m (D) 9.98 x 10'°m

° The opposite figure shows the standing wave accompanying the motion of the electron of a
hydrogen atom in one of the orbits. If the speed of the electron in this orbit is 1.09 X 10° m/

s, the radius of the orbit equals vsevevaens

(A)1.06 x 101°m (8)2.13 x 10%m (€)4.25 x 10'°m (D) 6.68 x 101 m
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6 The opposite figure represents two energy levels in a hydrogen atom. The ratio between the
speeds of the electron in the two cases in terms of the radii of the two orbits (V3/v4) is

XXX R R R RN

@ 3r3/4ry 4r3/3r4 @ 3r4/4r3 @ 4r4/ 315

@ Which of the following graphs represents the relation between the energy of the level (- E)

and the order of the level (n) for a hydrogen atom according to Bohr's model?

1 2 3 4 . 1 2 3 4 . 1 2 3 4 1 2 3

0 ® 0 - *®

° The electron stays stable in its ground energy level when it is vvsvsvsnss

@ gaining continuous energy gaining quantized energy
@ not gaining energy @ losing continuous energy

@ For an electron to move from a lower energy level E; to a higher energy level E,, the atom

IXEERERRERN]

@ absorbs a photon of energy (E; - E;) emits a photon of energy (E; - E;)
@ absorbs a photon of energy (E; + E;) @ emits a photon of energy (E; + E;)

@ The electron of a hydrogen atom moved from the level of energy —3.4 eV to the level of
energy —13.6 eV. This means that the hydrogen atom «veesevees

@ absorbed a photon of energy 10.2 eV absorbed a photon of energy 17 eV
@ emitted a photon of energy 10.2 eV @ emitted a photon of energy 17 eV
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@ The electron of a hydrogen atom revolves in the first energy level (K):

(1) The least energy that frees the electron from the atom equals vvveeeeens

(A) 13.6 eV 10.2 eV (©) 0.85 eV (D) 3.4 eV

@ The electron of a hydrogen atom revolves in the first energy level (K):
(2) The longest wavelength of a photon absorbed by the hydrogen atom that ionizes it equals

XXX R RN

(091 x108m (884 x108m (€081 x108m ()86 x 108m

@ The least amount of energy enough to excite a hydrogen atom from the ground energy level

equals sevevaeans

(A) 13.6 eV 6.8 eV (©) 10.2 eV (D) 3.4 ev

@ An electron in an atom moved from the higher energy level E; to the lower energy level E.

The wavelength of the emitted photon is found from the relation vesesessss

(a) (E, - E1)/hc hc/E, - he/Ey (©) he/(E, - Ey) (®) ¢/(h(E, - E1))

@ The longest wavelength in the Lyman series is emitted when the electron moves between the

leVCIS et

@n=3en=2 n=ooen=2@n=ooen=1@n=2en=1

@ The highest frequency of a photon emitted in the Brackett series comes from the electron

moving between the two energy levels vievevaess

@n=5en=4 n=4—>n=3 @n=oo—>n=4@n=ooen=3
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@ The opposite figure represents possible transitions of the electron in a hydrogen atom. The
photon produced by:
(1) transition (a) has an energy of +vevaeress
N
M

_—
-

L

K Y
a b

(W) 2.2 x 10718 1.9 x1018]  (©1.6 x 10'8]  (©) 1.1 x 10718

e The opposite figure represents possible transitions of the electron in a hydrogen atom. The
photon produced by:
(2) transition (b) has a frequency of vvvevvaaes
N
M

_—)
-a}-

L

K Y
a b

(A) 1.5 x 101°Hz  (8)2.1 x 10 Hz (©) 2.5 x 10 Hz (D) 2.9 x 10" Hz
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@ The opposite figure represents possible transitions of the electron in a hydrogen atom. The
photon produced by:

(3) transition (c) has a wavelength of about +vsesesess

N
M L
e
L y
C d
K Y

a b

(A) 328 nm 657 nm (©) 948 nm (D) 984 nm

e The opposite figure represents possible transitions of the electron in a hydrogen atom. The
photon produced by:

(4) transition (d) has a momentum of vevesevnee

N
M Y
c
L Y
c d
K Y
a b
(A) 5.44 x 1027 kgm/s 2.72 x 10?7 kgm/s
(©) 1.36 x 1027 kgm/s () 1.12 x 10?7 kgm/s
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@ The opposite figure represents possible transitions of the electron in a hydrogen atom. The
photon produced by:

(5) transition (e) has an equivalent mass of +evevevens

N
M L
e
L y
C d
K Y

a b
(A)1.2x 103 kg (8)2.4 x 103%kg (€)3.6 x 103kg (D) 4.8 x 1036 kg

e The shortest wavelength in the Balmer series is about vevseveess

(a) 3943 A 3850 A (©) 3653 A (D) 3450 A

@ The shortest wavelength in the Pfund series equals veesevaess

(a) 21652 A (B) 22834 A (©) 23161 A (D) 23558 A

@ The ratio between the longest wavelength in the Lyman series and the longest wavelength in

the Balmer series of the hydrogen spectrum is veeseveess

(&) 5/27 3/23 (© 7727 (@) 9/31

@ The ratio of the longest wavelength to the shortest wavelength in the Lyman series of the

hydrogen spectrum equals «veesevees

(x) 25/9 17/6 (© 9/5 () 4/3

@ If the shortest wavelength in the Lyman series is (7\), the shortest wavelength in the Balmer

SETies 1S versverrne

@ /4 ® /2 ©2x ®) 4 A

@ In a hydrogen atom, if V| is the lowest frequency in the Paschen series and V; is the lowest
frequency in the Balmer series, the ratio ((V1)/(V2)) iS vevererens

) 7/20 4/3 (© 20/7 () 5/2
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@ In a hydrogen atom, if the energy of the second level is (—E), the energy of the third level is

XXX RN

(A) -9E -E/9 (© -4/9E () -9/4 E

Q The electron of a hydrogen atom moves in a certain level of radius r,. If the de Broglie
wavelength accompanying its motion in this level equals (27t r,)/5, the least energy that must

be given to the electron so that it leaves the atom completely equals vsevsvsess

(A) 0.544 eV 0.942 eV (©2.72ev () 3.4 eV

@ An electron in a hydrogen atom fell from an energy level of order n to the first level, and the
atom emitted a photon of wavelength 9.51 X 108 m. If the energy of the first level is -2.176
X 10718 J, then n equals vvvveeeees

oF ® s © 4 © 3

@ The opposite figure represents several transitions A, B, C, D, E of the electron of a hydrogen
atom between energy levels. Which of these transitions give a spectral line in the Balmer

series?

— n=4
;(E’! n=3

(A A, B (®) A, C (©) E only (®) B, D
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@ The opposite figure shows four transitions of the electron of a hydrogen atom between energy

levels. Which of the following statements is correct?

4
7
n=2
(B
R

@ Transition D gives a spectral line of the shortest wavelength

Transition C gives a spectral line in the ultraviolet region
@ Transition B gives a spectral line in the infrared region

@ Transition A gives the highest frequency among these transitions

@ The opposite figure represents several transitions A, B, C, D, E of the electron of a hydrogen

atom between energy levels. Which of the following statements is NOT correct?

N

9
B

K

@ Transition C gives a spectral line in the infrared region
Transition D gives the shortest wavelength among these transitions
@ Transition E gives the highest frequency among these transitions

@ Transition B gives a spectral line in the visible light region
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@ The following figure represents the regions of the electromagnetic spectrum. If line y
represents a red spectral line emitted from a hydrogen atom, in which of the regions shown
does the spectrum emitted from a hydrogen atom lie when the electron moves from the energy

level (O) to the energy level (M)?
=

Yy Frequency increases

A B C Il D E i

@ Region A Region B @ Region C @ Region D

@ The photon that a hydrogen atom can absorb to be excited from its ground level to a higher

level belongs to the region of veesevsess

@ radio waves visible light @ ultraviolet rays @ infrared rays

@ When two photons (a) and (b) of energies 4.91 eV and 10.2 eV respectively pass by a
hydrogen atom in its ground level, which of the two photons can the atom absorb and be

excited?

@ Photon (a) Photon (b) @ Both photons @ Neither photon

@ The ratio between the momentum of a photon emitted in the Lyman series and the momentum

of a photon emitted in the Balmer series is veesevaese

@ equal to one greater than one

@ less than one @ the information is not enough to decide

0 If an atom has four possible energy levels for the electron's motion, and the electron can move

between any two of them, the number of spectral lines that can be emitted is vvsessvaes

®3 ® 6 ©s ®) 10

@ If the energy of the electron of a hydrogen atom in one of its levels equals —3.4 eV, and the
radius of the orbit of this level is 2.13 A, the de Broglie wavelength accompanying the motion

of the electron in this level is vevereeees

(A) 13.38 & 9.99 A (©) 6.69 A () 3.33 A
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@ The opposite figure shows several possible transitions of the electron in a hydrogen atom, each
giving one of the wavelengths of the line spectrum of hydrogen. Which of the following

choices is correct?

N
(S)RNND)
- [

7S

@A‘A<?\'B XC<7\,D @A'D<A'B ®KA<7\'D

@ If the shortest wavelength in one of the series of the hydrogen spectrum is 14610 A, the name

of this series and its longest wavelength are v.vsvavses
@ series: Paschen, longest wavelength: 9671 A
series: Brackett, longest wavelength: 9671 A
@ series: Pfund, longest wavelength: 60443 A

@ series: Brackett, longest wavelength: 40594 A

@ The opposite figure shows two possible transitions of the electron in a hydrogen atom. The

ratio of the wavelength of the photon from transition A to the wavelength of the photon from

transition B ((Aa)/(Ag)) equals evvrveves

N
M
L—
A ®
K |
() (Ey - Ex)/(Ex - Ex) (Ex - Ex)/(Ey, - Ex)
(©) E/En (®) En/Ey
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@ The opposite table shows the energies of some energy levels in a hydrogen atom. If the
electron of a hydrogen atom is excited in an energy level of order n, and the equivalent mass
of the photon emitted when it moves from level n to the first level is 2.267 X 1073° kg, then

n equals vivevavans

Level | Level energy (eV)

K ~136
~34

L
M —1.51
N
O

_085
—0.544

@2 ® 3 © 4 OF

@ When hydrogen atoms in the ground level are excited by monochromatic electromagnetic
radiation whose photon energy is 12.75 eV, the number of spectral lines that may be emitted
in:

(1) the Lyman series is sssvvvvves

OF ® 2 ©3 (D) 4

@ When hydrogen atoms in the ground level are excited by monochromatic electromagnetic
radiation whose photon energy is 12.75 eV, the number of spectral lines that may be emitted
in:

(2) the Balmer series is sevvvveee

@)1 ®) 2 ©3 © 4

@ A hydrogen atom in the ground level was excited by a photon of wavelength 975 A. The level
the atom was excited to and the number of spectral lines that may be emitted when the atom

relaxes are, respectively, vvevsvsnas

ML e ®B)L 1 (©ON, 6 N, 1
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@ When the electron of a hydrogen atom moves from the fifth level to the second level, the
wavelength of the emitted radiation is +veveveves (given that E; = -13.6 eV)

(a) 2283 A 4349.4 A (©) 6959 A (D) 12421.9 A

e The opposite figure represents the electron moving between energy levels in an atom of an
element. If the wavelengths of photons (1) and (2) are 304.45 nm and 256.86 nm
respectively, the wavelength of photon (3) equals vveeeeee.

M

ORI .

CRRVIITYS ATTese)
R K
(A) 1643 nm 1800 nm (©) 1928 nm (D) 2428 nm

@ From the opposite figure, when the electron of a hydrogen atom is in the fourth energy level:
(1) the number of possible emissions of photons of different frequencies in this case equals

XXX R RN

E (eV)

-0.85 n=4
-1.51 n=3
-34 n=2
-136 n=1
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@ From the opposite figure, when the electron of a hydrogen atom is in the fourth energy level:

(2) the lowest frequency of a photon that can be emitted from the atom in this case is veevvvvees

E (eV)

-0.85 n=4
-1.51 n=3
-34 n=2
-136 n=1

(A) 1.3 x 10"? Hz 9.96 x 1013 Hz () 3.08 x 10> Hz (D) 1.59 x 10'* Hz

@ From the opposite figure, when the electron of a hydrogen atom is in the fourth energy level:
(3) the highest frequency of a photon that can be emitted from the atom in this case is

Yrrrrrrnan

E (eV)

-0.85 n=4
-1.51 n=3
-34 n=2
-136 n=1

() 2.1 x 103 Hz 1.92 x 10" Hz (€)3.08 x 1015 Hz (D) 6.59 x 10'5 Hz

@ When the photon produced by the electron of a hydrogen atom returning from the third orbit
to the first orbit falls on the cathode of a photocell, an electron is emitted from the cathode

with a kinetic energy of 9.79 eV. The work function of the cathode surface equals vsevevaess

@) 2.1ev 2.3 eV (©) 43ev (D) 4.7 ev
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@ The opposite figure shows four transitions a, b, ¢, d of the electron of a hydrogen atom

between energy levels. Which of these transitions produces a photon of wavelength 656 nm?

-0544 eV
)
-085eV
7]
L _151eV
\C ,/@
-34eV
Y 1366V
@ Transition a Transition b @ Transition ¢ @ Transition d

@ A hydrogen atom emitted a photon of wavelength 486.3 nm:
(1) The energy of the photon equals vvvveeeee.

@ 2ev 2.55 eV (©3ev (D) 3.55 eV

@ A hydrogen atom emitted a photon of wavelength 486.3 nm:

(2) The two levels the electron moved between are veveeeesss
@ the fourth level to the first level the fourth level to the second level
@ the third level to the first level @ the third level to the second level

@ An excited electron in a hydrogen atom falls from one of the higher energy levels (x) to the
ground energy level in two successive steps, emitting photons of wavelengths 2624 nm and

97.45 nm respectively. The order of the energy level (x) the excited electron fell from is

XXX R R RN

OF ®3 ©5 OF
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@ The opposite diagram shows the optical parts of a spectrometer. The part that:

(1) separates the spectra according to their wavelengths is vvveeeeees

(2)
(1) 3)
Convex o '%

[ i lens
lens Triangular prism

Convex
lens

@ (1) ® (2) © (3) © (4)

@ The opposite diagram shows the optical parts of a spectrometer. The part that:

(2) collects the rays of each colour at its own focus on the focal plane is «eeeeraees

2)
(1) 3)
Convex LS A

i i lens
lens Triangular prism

Convex
lens

@ (1) ® (2) © (3) © (4)

@ The emission spectrum of elements arises from an electron in the atom moving from «.vevesses
@ a higher energy level to a lower level a lower energy level to a higher level

@ the ground level to the nucleus @ the ground level to outside the atom

@ When light from a tungsten lamp passes through sodium vapour and the light coming out of
the vapour is analysed, we get vvevaevees

@ coloured lines on a dark background coloured lines on a white background

@ dark lines on a coloured background @ a continuous coloured region
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@ Which of the following drawings shows the absorption spectrum of an element?

o |

)

@ The opposite figure shows a spectrum produced by a spectrometer. Which of the following

choices represents the source of this spectrum?

@ a tungsten lamp a neon lamp

@ a hot gas @ white light after passing through a gas

@ The opposite graph represents a «vevsvssss spectrum.

Radiation intensity

A

@ continuous line emission @ line absorption @ monochromatic

@ When white light (spectrum (1)) passes through a gas as in the figure, and the resulting

spectrum (spectrum (2)) is passed through a spectrometer, we get «vevaeeses

(D (2)

) —_— _—
White light —— —
—— | —_—
Gas
@ a continuous spectrum a line emission spectrum
@ dark lines on a bright background @ bright lines on a dark background
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@ The opposite figure represents possible transitions a, b, ¢, d, e of the electrons in hydrogen
atoms. Which of the following choices represents the spectral lines formed in the spectrometer

because of these transitions?

0]
N
M \ A
® @
L @'} ©® _© 0 ®O _© @O
K ® é 400 nm 700 nm 400 nm 700 nm

®

PO © o® e _© 0

]
1)
1
i
(]

400 nm 700 nm 400 nm 700 nm

® ©

@ When X-rays pass perpendicular to a strong uniform magnetic field, they «vseaevaes
@ are not deflected from their path

are deflected opposite to the direction of the field
@ are deflected perpendicular to the direction of the field
@ speed up

@ The penetrating power of the X-rays produced by a Coolidge tube does not depend on +vevevsess
@ the range of wavelengths of the produced rays

the energy of the electrons hitting the target
@ the filament current

@ the potential difference applied between the cathode and the anode

° Producing X-rays in a Coolidge tube is an example of conservation of energy. What is the

correct order of the energy changes, starting from the electrons leaving the filament until they
hit the target?

@ mechanical energy, then electrical energy, then electromagnetic energy
electromagnetic energy, then mechanical energy, then electrical energy
@ electrical energy, then mechanical energy, then electromagnetic energy

@ electrical energy, then electromagnetic energy, then mechanical energy
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@ An excited hydrogen atom cannot emit an X-ray spectrum because sveseesees
@ the energy of its K level is less than the energy of X-ray photons
the energy of its K level is higher than the energy of X-ray photons
@ the energy of its L level is higher than the energy of X-ray photons
@ the energy of its M level is higher than the energy of X-ray photons

e In a Coolidge tube, if the potential difference across the two ends of the filament is doubled,

the wavelength of the line spectrum of the X-rays svseseeses

@ doubles is halved

@ does not change @ becomes three times

@ The wavelength of the characteristic X-ray spectrum depends on vevesessss
@ the current through the filament
the potential difference between the filament and the target
@ the material of the target

@ the air pressure inside the tube

6 Two X-ray photons z and y come from a Coolidge tube. Photon z came from an electron
moving between two energy levels in a tungsten atom as in figure (1), and photon y came
from an electron passing close to the nucleus of a tungsten atom as in figure (2). Which

photon belongs to the continuous X-ray spectrum?

M
Incident electron A L
Photon (y)
s\ \r-+- Photon (z)
K
(2) (1)
@ Photon (y) Photon (z) @ Both photons @ Neither photon
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@ Which of the following graphs represents the relation between the maximum kinetic energy
(KE) yax of the electron emitted from the cathode in a Coolidge tube and the potential
difference (V) between the anode and the cathode?

(KE)

(KE)"HU& (K‘E)max
LV ‘Lv lL .
® ©

max (KE)
v
® ®

;

max

\%

e Which of the following graphs represents the relation between the maximum frequency (V) of
the photons of the continuous X-ray spectrum produced by a Coolidge tube and the potential
difference (V) between the anode and the cathode?

v ‘l) D v
LV LV iLv LV
® © ®

@ The opposite figure represents a Coolidge tube. Which of the following choices changes the

shortest wavelength of the continuous spectrum of the emitted X-rays?

(1) 2)

@ Changing the potential difference V;
Changing the potential difference V,
@ Changing the material of component (1)
@ Changing the material of component (2)
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@ The opposite diagram shows a Coolidge tube that failed to produce X-rays although the values
of the potential differences V| and V; are suitable. For the tube to produce X-rays, we must

XXX R R R RN

(1)
A/

(2)

@ make component (1) of a heating coil
make component (2) of aluminium
@ reverse the poles of the voltage source V;

@ reverse the poles of the voltage source V;,
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@ The opposite figure represents the relation between the wavelength (7\) of the X-rays produced
by a Coolidge tube and their intensity. If the potential difference between the filament and the

target increases, the value of .v.vsvsvse decreases.

Radiation intensity

A

I
|
|
1
I
I
|
|
I
|
|

A

Mok
@ A1 only A, only

@ both A; and A, @ neither A.; nor A,

@ The figure represents the X-ray spectrum emitted from a Coolidge tube. Which wavelength is
emitted because an electron in a target atom moves from a higher energy level to a level close

to the nucleus?

] (Radiation intensity)

A

-»(Wavelength)

Lo

N

L] ¥ L]
m O n p

@ wavelength (m) wavelength (o) @ wavelength (n) @ wavelength (p)
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@ The opposite graph represents the X-ray spectrum emitted from a Coolidge tube before and
after a certain change, shown by curves (1) and (2) respectively. This change happened

because of vevvsvsees

Radiation intensity

4

(2)
()

- A

@ increasing both the potential difference between the anode and the cathode and the

atomic number of the target material

decreasing both the potential difference between the anode and the cathode and the

atomic number of the target material
@ increasing the filament current and decreasing the atomic number of the target material

@ increasing the filament current only

@ The opposite figure shows the relation between the intensity of the X-rays and their
wavelength (7\) produced by two Coolidge tubes working at two different potential differences

V1, V, with targets of two different elements of atomic numbers Z1, Z3+ SO vieveerens

Radiation intensity

[
(1)
) \
-A
®V1>V2andzl>22 V1>V2andZ1<Zz
©V, < Vyand Z; = Z, @V, < Vyand Z; < Z,
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@ The opposite graph represents the X-ray spectrum emitted from a Coolidge tube. Which of the
following graphs compares this spectrum with the spectrum of the tube after increasing the
filament current?

Intensity

A

Intensity Intensity Intensity Intensity

!&k A
®

©

@ The opposite graph represents the X-ray spectrum emitted from a Coolidge tube. Which of the
following graphs compares this spectrum with the spectrum of the tube after increasing the
potential difference between the anode and the cathode?

Intensity

A

Intensity Intensity Intensity Intensity

[A |
5 A 5 A A A

®

@ If the shortest wavelength of the X-rays emitted from a Coolidge tube is 0.414 A:
(1) the highest energy of the X-ray photons equals +vvvvvvees

W16 x10%] (38)48x101%] (©1.6x 101°] (D) 4.8 x 10°15]

@ If the shortest wavelength of the X-rays emitted from a Coolidge tube is 0.414 A:

(2) the potential difference between the anode and the cathode equals +vvvvvvees

(A) 10 x 103V (8)28 x 103V (©30 x 103V () 48 x 10>V
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L2 [f the potential difference between the anode and the cathode of an X-ray tube is 13255 V, the

highest frequency of the continuous spectrum of these rays is «vevsesees

(A)32x10°Hz (3)2x10°Hz (©)32x 10'8Hz (D)2 x 10'8 Hz

@ In an X-ray tube the maximum kinetic energy of the accelerated electron was 5 X 10718 7.

The shortest wavelength of the produced rays equals vsesevsess

(A)1.325 x 108m (8)3.975 x 108m (€)1.325 x 10°m (D) 3.975 x 10° m

@ The opposite figure shows the spectrum of X-rays emitted from a Coolidge tube:
(1) The potential difference between the filament and the target equals «.eeeveres

Radiation intensity ~ Line
+ spectrum

Continuous
spectrum

1+ » Wavelength

0'4 ' 08 ) (angstrom)

(A)31.05 x 10°v  (3)322 x 10°V  (©) 9.7 x 10*V (D) 2.01 x 10*V

@ The opposite figure shows the spectrum of X-rays emitted from a Coolidge tube:
(2) The highest frequency of the emitted X-rays is sssvvvvees

Radiation intensity ~ Line
+ spectrum

Continuous
spectrum

.+ 5 Wavelength

8 (angstrom)

04 0

(A)3.75 x 10'6Hz (8)3.75 x 10'8Hz (C) 7.5 x 101Hz (D) 7.5 x 10'8 Hz
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@ Figure (1) is a graph of the relation between the intensity of the X-rays emitted from a
Coolidge tube and the energy (E) of their photons, and figure (2) shows the transitions inside
one of the atoms of the target material used in that tube that cause the line spectrum shown in
figure (1). Using figures (1) and (2):

(1) the potential difference between the anode and the cathode of the tube equals vvveeeeee.

Intensity

!

M

- 10.2 keV

K 20 593672 100

E (keV)

Figure (2} Figure (1}

(A) 20 kv 59.3 kV (©) 67.2 kv (D) 100 kv

@ Figure (1) is a graph of the relation between the intensity of the X-rays emitted from a
Coolidge tube and the energy (E) of their photons, and figure (2) shows the transitions inside
one of the atoms of the target material used in that tube that cause the line spectrum shown in
figure (1). Using figures (1) and (2):

(2) the energies of levels K and M in the atoms of the target material are, respectively,

XXX RN

Intensity

!

M
- 10.2 keV !
; E (keV)
K 20 503672 100
Figure (2} Figure (1}
(A) -57 keV, —2.3 keV ~69.5 keV, —2.3 keV
(C) —49.1 keV, —4.6 keV (D) —69.5 keV, —4.6 keV
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@ If the current of the electron stream in a Coolidge tube is 7 mA with a potential difference of
30 kV between the filament and the target:

(1) the maximum energy of the electrons hitting the target equals vveeerrens

@48 x10M] (3848 x1015] (€48 x 1016] (D) 4.8 x 10718]

@ If the current of the electron stream in a Coolidge tube is 7 mA with a potential difference of
30 kV between the filament and the target:

(2) the maximum speed of the electron when it reaches the target is veeevvrees

(a) 72.63 x 10% m/s (8) 51.36 x 105 m/s (C) 10.27 x 107 m/s (D) 1.1 X 10® m/s

@ If the current of the electron stream in a Coolidge tube is 7 mA with a potential difference of
30 kV between the filament and the target:

(3) the number of electrons reaching the target every second is sssevvvves

@ 4.375 x 10!3 electrons 4.375 x 10'° electrons
@ 4.375 x 10'? electrons @ 4.375 X 10?2 electrons

@ If the current of the electron stream in a Coolidge tube is 7 mA with a potential difference of
30 kV between the filament and the target:

(4) the shortest wavelength of the emitted X-rays equals veeevreees

(a) 414 A (8) 41.4 A (©) 4.14 A () 0.414 A

@ In a Coolidge tube, if the shortest wavelength of the emitted X-rays is 25 pm, the wavelength

accompanying the fastest electrons hitting the target is about «vseeseses

®4pm 4.5pm @5pm @5.5pm
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@ The opposite figure shows an image of a hand taken with X-rays. Using X-rays to image bones

and find fractures depends on +evevsenss

@ their wide spectral range their high speed
@ their short wavelength @ their wave nature

@ Two beams Z and Y pass between two parallel charged plates as in the opposite figure. The

two beams are, respectively,
Z
+
/ Y
@ cathode rays, X-rays X-rays, cathode rays
@ X-rays, laser @ laser, cathode rays
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@ Four different types of electromagnetic radiation fall on a thick lead plate as in the opposite
figure. Which of these radiations travels the longest distance through the lead plate?

Lead sheet

Infrared rays ——3=
Ultraviolet rays —————
X-rays —————p

Radio waves —————j»=

@ infrared rays ultraviolet rays @ X-rays @ radio waves
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I Essay questions — 27 questions

’ If the energy of the first level of a hydrogen atom is —13.6 eV and the radius of the electron's
path in this level is 0.53 A, calculate according to Bohr's model:
(1) the wavelength of the matter wave accompanying the electron in the first level.
(2) the speed of the electron in the first level.
(3) the wavelength of the photon needed to excite the electron from the first energy level to
the third energy level.

0 What happens when hydrogen atoms are excited by different quanta of energy?

° Explain: no spectral line in any spectral series of hydrogen has the same wavelength as another

spectral line.

0 The electron of a hydrogen atom was excited to a certain level of energy —0.85 eV and radius
8.48 A. According to Bohr's model, calculate:
(1) the order of the level counted from the nucleus.
(2) the wavelength accompanying the electron in this level.

(3) the speed of the electron in this level.

° The opposite figure represents three possible transitions (x), (y), (z) of the electron in a
hydrogen atom. Explain why:
(1) the energy of the photon from transition (x) is less than the energy of the photon from
transition (y).
(2) the two photons emitted from transitions (y) and (z) are in the range of invisible rays,

while the photon emitted from transition (x) is in the range of visible rays.

0]
N
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6 What is the least equivalent mass of a photon that can be emitted from a hydrogen atom in the

Lyman series?

0 What is the least momentum of a photon that can excite a hydrogen atom from the ground

level?

° In a hydrogen atom, the electron moves in an energy level of radius r, and the wavelength
accompanying its motion is 27tr. Calculate the longest wavelength of a photon that can free

this electron from the atom.

° If the longest wavelength in the Lyman series is A, find the longest wavelength in the Pfund

series in terms of A.

@ The opposite figure represents six transitions of the electron in a hydrogen atom from higher
energy levels to lower ones. Suppose the emitted photons fall on the cathode surface of a
photocell whose work function is 2.14 eV:

(1) How many electrons can be freed from the cathode?

(2) Which photon frees an electron with the greatest speed?

N E,=-085eV
M 1 E,=-151¢eV

L ! : E2= "3.4 CV

R E =-13.6eV
NNCIOIO !

G"

° Compare: the line absorption spectrum and the line emission spectrum of an element.
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@ The opposite figure shows a spectrometer used to analyse spectra. When the light source is
switched on, describe the resulting spectrum when:
(1) the argon gas tube is between the lamp and the spectrometer.

(2) the argon gas tube is not between the lamp and the spectrometer.

%QA

Argon

Lamp  gas Photographic plate

@ How can the spectrometer be used to tell two different elements apart?

@ Explain how studying the atomic spectrum helped discover the composition of the Sun's

atmosphere.

e The opposite figure shows the structure of a Coolidge tube:
(1) Compare the values of potential differences (1) and (2) and the role of each.
(2) Show the energy changes that take place in the tube until X-rays are produced.
(3) What phenomenon is responsible for the emission of electrons from the cathode? Why are

these electrons emitted?

(4) What are the properties of the material used for: (a) the target? (b) the filament?

(2)
- T+

—

(1) : LL1RY

@ In a Coolidge tube:
(1) Why is the positive electrode (anode) made of copper and fitted with cooling fins?

(2) How can you change the penetrating power of the produced X-rays through materials?

(3) How can you change the intensity of the produced X-rays?
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G Explain why the characteristic line spectrum of X-rays in a Coolidge tube is emitted only when

the potential difference between the filament and the target is greater than a certain value.

@ The opposite graph represents the X-ray spectrum emitted from a Coolidge tube. Explain:
(1) the origin of the continuous range of wavelengths from A to A3

(2) the probable reason for the presence of radiation of wavelength: (a) A; (b) A,

Radiation intensity

A

|

I
I
I
1
I
|
]
!

'y
M Ay A3

Q The opposite graph represents the X-ray spectrum. If the characteristic X-ray spectrum comes
from electrons of the target material falling from levels n = 2 and n = 3 to level n = 1, state
with explanation which of the two wavelengths A.;, A, comes from the transition:

(1) fromn=2ton=1
(2) fromn=3ton=1

Radiation intensity

A

A A A

min
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@ The opposite figure shows a Coolidge tube that produces two different types of
electromagnetic radiation (1) and (2). Which type:
(1) has photons of greater momentum?

(2) is used to find the crystal structure of solids?

- 4+

(2)

ey

6 What type of energy goes into a Coolidge tube and what type comes out of it? Which of these

is wasted energy?
Q Give a reason: a Coolidge tube produces electromagnetic rays of very high frequencies.

Q In a Coolidge tube, if the maximum momentum of the electrons when they hit the target is
63.7 X 1072° kg.m/s, calculate the shortest wavelength of the emitted X-rays.

@ An X-ray tube works at a potential difference of 40 kV. If the electron current through the
tube is 5 mA, calculate:

(1) the number of electrons hitting the target per second.
(2) the rate of electrical energy used in the tube.
(3) the rate of energy of the produced X-rays if the efficiency of the tube is 2%

e What are the results of X-rays passing through a sample of gas?

@ Explain why X-rays, rather than visible light, are used at ports and airports to inspect the

contents of bags.
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@ X-rays were directed at an aluminium cube with a gas bubble inside it, as in the opposite
figure. Compare the intensity of the X-rays at points a and b, then explain how this can be

used to detect internal structural defects in metals.

Bubble

Aluminium
cube
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I Past exam questions — 45 questions

’ The opposite diagram shows some energy levels of an excited atom that emits photons, each
produced when an electron moves from a higher energy level to a lower one. The wavelength

of photon (S) is about +evevevses (Trial exam 2023)

E;
S
M-
E,
256.86 nm 304 .45 nm
I el
1

(A) 2250 nm 1643 nm (©) 3000 nm (D) 450 nm

6 A photon fell on an electron in the ground level of a hydrogen atom, and the electron moved
to the energy level (N). The wavelength of the incident photon = «...evevss (Ist session 2023)

(A) 1.56 x 1025 m 1.56 x 108m (©)9.74 x 102 m (D) 9.74 x 108 m

e The longest wavelength of the visible spectrum emitted from a hydrogen atom is about
cersseness (2nd session 2023)

(a) 6760 A 5670 A (©) 6576 A (0) 7570 A
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0 The following figures show the standing wave accompanying the motion of the electron in
three energy levels X, Y, Z according to Bohr's model of the hydrogen atom. Which of the

following choices is correct? (1st session 2024)

(X)
@ A visible light photon is released when the electron moves from level (Y) to level (Z)
The energy of level (Z) is less than the energy of level (X)

@ The energy difference between levels (Z, X) is greater than the energy difference between
levels (Y, Z)

@ The energy of level (X) is greater than the energy of level (Y)

° The figure shows possible transitions of the electron between energy levels in a hydrogen
atom. The ratio of the frequency of the spectrum from transition A (upsilon,) to the
frequency of the spectrum from transition B (upsilong) equals +..vvvvees (1st session 2024)

n=4
n=3
_ Y
n=2 @)
n=1 Y

(B)
(a) 4/1 1/4 (© 2/1 () 1/2
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6 According to Bohr's model of the hydrogen atom and the figure shown, which of the following
choices is correct when the electron returns from one of the higher energy levels to this level?

(2nd session 2024)

@ A photon in the ultraviolet region is produced
A photon in the infrared region is produced
@ A photon in the visible spectrum is produced
@ A photon in the X-ray region is produced

0 The opposite diagram represents two possible transitions of the electron in a hydrogen atom.
The ratio of the momentum of photon (X) to the momentum of photon (Y) = «veveveese (2nd
session 2024)

N
NN~ Photon (X)
AN~ Photon (Y)
2 :
K ¥
(a) 55.5/148 128/7 (©) 27/128 (D) 148/55.5
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° The opposite figure shows two possible transitions of the electron in a hydrogen atom. The
ratio between the two wavelengths ((A1)/(A2)) of the two produced photons equals veveveeves
(Sample exam 2025)

E
4 { FAVAVAY o o }‘-1
E,
Mf\r-'-?uz
E,
E,

(») 20/7 7/20 (©) 9/4 () 27/5

° From your study, the longest wavelength in the five series of the hydrogen spectrum is when

the excited electron returns from level +..vvvvvvs (Sample exam 2025)

@ o to the first level o to the fifth level
@ the sixth to the fifth level @ the second to the first level

@ The opposite figure represents the standing wave accompanying the motion of the electron of a
hydrogen atom in one of its energy levels. The energy of this level equals +¢seseress (Sample
exam 2025)

(A) - 13.6 eV (B) - 3.4 eV (©) - 0.544 ev (D) - 0.85 eV

@ A group of hydrogen atoms was excited so that the electron in each of them is in the fifth
energy level, and the electron can move between any two of the levels. The number of spectral

series that can be emitted from the atom is «.eeeveees (Sample exam 2025)

(4 ® 6 ©s ®) 10
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@ Figure (1) shows the energy diagram of an excited atom that gives wavelengths when the
electron moves from a higher energy level to a lower one, and figure (2) shows these

wavelengths. The wavelength (S) equals +.evvvvvvs (Sample exam 2025)

E
E,=0
B, 387.5 nm (S) 10333 nm
E, -
Figure (1) Figure (2)

(A) 620 nm 775 nm (©) 516.7 nm (D) 710.4 nm

@ The electron of a hydrogen atom in energy level K absorbed a photon of energy E and
frequency U and moved to level N. After a certain time the electron fell to level K passing
through levels L and M as in the opposite figure, so that when the electron moved:

- from level N to level M, a photon of frequency (upsilon;) was emitted

- from level M to level L, a photon of frequency (upsilon,) was emitted

- from level L to level K, a photon of frequency (upsilon;) was emitted

Which of the following relations correctly describes the relation between the frequency of the

absorbed photon and the frequencies of the released photons? (Sample exam 2025)

N hv,
I ANNN
hy M hv,
’\/V\f\r'i l ANNAA
hU3
ANNN>
K

@ upsilon > (upsilon; + upsilon, + upsilons)
upsilon = upsilon; + upsilon, + upsilon;
@ upsilon < (upsilon; + upsilon, + upsilons)
@ upsilon = upsilon, + upsilons - upsilon;
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@ The diagram shows some possible transitions of the electron between energy levels in a
hydrogen atom. Which of the transitions shown emits one of the photons of a spectrum of

wavelength 974 A? (1st session 2025)

n=6 -0.38eV

n=5 -0.54eV

n=4 -085eV

n=3 -151eV
©

n=2 -34¢eV

®

n=1 -13.6eV

@ Transition C Transition B @ Transition D @ Transition A

e When an electron in an atom moves from the third energy level (M) to the second energy level
(L), a photon of energy 3 X 10719 J is emitted, and when it moves from the second energy
level (L) to the first energy level (K), a photon of energy 1.634 X 10718 J is emitted. What is
the frequency of the photon emitted when the electron moves from the third energy level (M)

to the first energy level (K)? (2nd session 2025)
() 2.92 x 10> Hz () 4.54 x 10" Hz (C)2.47 x 10" Hz (D)2.01 x 10' Hz
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@ The figure shows the energy level diagram of a hydrogen atom excited in the fourth energy
level. From the figure, vvvvveeeee (Sample exam 2026)

~0.85 n=4
-1.51 n=3
S
@
m -3.4 n=2
|—13.6 n=1

@ the lowest frequency of the photons the atom can emit in this case is in the visible light
region
the highest frequency of the photons the atom can emit in this case is 1.6 X 10'4 Hz

@ the shortest wavelength of the visible light photons the atom can emit in this case is
487.1 nm

@ the shortest wavelength of the photons the atom can emit in this case is in the infrared

region

@ Which of the following figures shows the emission spectrum produced by hydrogen gas? (Trial
exam / June 2021)
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@ When white light passes through a gas, which of the following figures shows the resulting

Completely white background Completely black background

®

Spectrum colours background with black lines Black background with coloured lines

® ©

spectrum? (2nd session 2021)

Q Looking through the eyepiece of each spectrometer, we observe +.uuvvuves (1t session 2022)

é‘ = = % - Glowin
Glowing lamp
lamp

@ An electron moves between two energy levels in an atom, releasing a photon. Assuming the
energies of the two levels are as shown in the figure, the type of spectrum and the energy of

the photon are «....evvvs (2nd session 2022)

4 E
Photon
ANNNS
O E

Electron

@ type of spectrum: line absorption, photon energy: 3 E
type of spectrum: line emission, photon energy: 3 E
@ type of spectrum: continuous, photon energy: 5 E

@ type of spectrum: line emission, photon energy: 5 E
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@ From the opposite figure, the types of spectrum (1) and spectrum (2) are, respectively,

vevseeeees (Ist session 2023)

Spectrometer
—-

Glowing hydrogen

&G —

#=Spectrum (1}

Spectrometer

Laser device

T e &

@ continuous spectrum, continuous spectrum

—®Spectrum (2)

continuous spectrum, line spectrum
@ line spectrum, line spectrum

@ line spectrum, continuous spectrum

@ Fraunhofer lines in the solar spectrum represent a +vsvvvvves (Sample exam 2025)

@ line emission spectrum line absorption spectrum

@ continuous spectrum @ monochromatic spectrum
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@ The figure shows two spectra (N) and (M), each received separately on the photographic plate

of a spectrometer. The two spectra are vvevevevss (1st session 2025)

(Note: the parts that appeared coloured on the photographic plate are shown in white in the

l:l:l I —[ Spectrum (M)

@ of two different gases, and both are absorption spectra

figure.)

of the same gas, where spectrum (M) is an emission spectrum and spectrum (N) is an

absorption spectrum
@ of two different gases, and both are emission spectra

@ of the same gas, where spectrum (N) is an emission spectrum and spectrum (M) is an

absorption spectrum
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@ The diagram shows a parallel light beam from a glowing tungsten lamp. The beam passes
through a triangular prism and then falls on a sensitive photographic plate. What happens to
the spectrum formed on the plate when a sample of cold gas is placed between the lamp and

the prism in the path of the lamp's light? (2nd session 2025)

i& G ypdie -

zhas  duue BhEgisd po)

@ The continuous spectrum of the lamp disappears, and black lines characteristic of the gas
appear

The continuous spectrum of the lamp disappears, and coloured spectral lines
characteristic of the gas appear

@ Coloured spectral lines characteristic of the gas appear in addition to the continuous

spectrum of the lamp

@ Black lines characteristic of the gas appear within the continuous spectrum of the lamp

@ In the Coolidge tube shown in the figure for producing X-rays, the target was made of an
element of atomic number 42. To get longer wavelengths of the characteristic X-ray spectrum,

the target must be changed to an element of atomic number +..eeevevs (Trial exam / June 2021)

s

E) T

il

High voltage

() 29 (8) 74 (© 82 () 55

@ In a Coolidge tube, if the maximum speed of the electrons when they hit the target material is
7.34 X 10° m/s, the shortest wavelength of the range of the produced X-rays equals veeesssss
(Trial exam / June 2021)

(A) 8.11 nm 0.811 x 10°m (<) 0.059 nm () 5.9 x 101°m
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@ The diagram shows some energy levels of tungsten used as a target in a Coolidge tube. The
collision of electron (x) with electron (y) knocked electron (y) out of the atom. What are the

possible energies of the photons of the resulting characteristic spectrum? (Ist session 2021)

Electon (xQ ~ M=-0—0—0-0—-0-0—-0-0-0—Ey=-2keV
Energy = 70 keV \\\ L E.=-12keV
\\ "O'"O_O"'O""O—O_O—O_ 1 —

K o —O— E,=-69 keV
Electron (y)

(W) 70keV, 69 keV  (B) 68keV,14keV (C)72keV,1keV (D) 57 keV, 67 keV

@ The opposite figure is a graph of the relation between radiation intensity and wavelength for
the X-ray spectrum. The wavelength that decreases as the atomic number of the target material

INCreases is vesevvsses (1st session 2021)

Radiation intensity

A

I
|
|
|
|
|
I
I
| |

L Wavelength

Ao Ay A3 hy
@7»2 7b4 @ll ®7“3
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@ The opposite graph represents the relation between radiation intensity and wavelength of the
X-rays from a Coolidge tube. The ratio of the lowest frequency of the characteristic spectrum

to the highest frequency of the continuous spectrum equals «.eeevveer (2nd session 2021)

Radiation intensity

t_ p S LA () ip A P ROTE S A e AL R A T e ey g
f-ﬁfﬁwﬁﬂgﬁfﬁw*ﬁhx;
; i ]I
2GR T s s -;
R R UL S B s R NV

s T T R e B T e
01 02 03 04 05 06 0.7 08 09
() 0.58 (®) 1.75 ©2 () 0.5

@ The opposite figure represents the relation between the intensity of X-rays and their
wavelength. The wavelength of the characteristic X-rays that matches the maximum

momentum of their photons is «....eeers (2nd session 2021)

Radiation intensity
I

GHE LR THTTNG Wavelength
004 008 0.12 0.16 (nm)
(A) 0.04 nm 0.08 nm (©) 0.12 nm (D) 0.16 nm
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@ An element was used as a target in a Coolidge tube to produce X-rays, and a photon of
frequency 5.43 X 10'8 Hz was released when an electron in an excited atom moved between

two of its levels, one of which has an energy of —1.5 keV. The energy of the other level equals
eevreennns (1st session 2022)

(&) - 24 kev - 22.5 keV (©) - 27 kev (D) - 25.5 keV

@ The opposite graph represents the relation between radiation intensity and wavelength for the
X-ray spectrum. The wavelength of the X-ray spectrum produced by electrons inside the atoms
of the target material moving from a high energy level (E;) to a lower energy level (E{) is
cerevnaens (1st session 2022)

Radiation intensity

A

= Wavelength

MM N
@O As ©n ® 2
@ In a Coolidge tube for producing X-rays, if an electron moves towards the target with an

energy of 70 keV and its energy becomes 54.5 keV because it is scattered, the wavelength of

the continuous X-ray photon produced in this case equals +.evevvves (2nd session 2022)

(@) 1.01 x 10"'m (3)228 x 10"'m (©)8.01 x 10''m (0)8.77 x 10! m
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@ The figure shows the values of some energy levels of an element used as a target in a Coolidge
tube. When an electron moves as in the figure, the wavelength of the produced X-ray photon =

evreenaes (2nd session 2022)

E, o ~8.3 keV
AVAVAVAVAS o

E, ~18.6 keV

El * =74 keV

@W9ox10°m  (®)36x10'"'m (©6x10°m  (©)1.9x 10" m

@ The shortest characteristic wavelength of the X-rays in the opposite figure is vveseseses (Trial
exam 2023)

I (Radiation intensity)
A

» (Wavelength)
nm

®8nm 10nm ©4nm ®6nm
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@ The graph shows the relation between the intensity of the X-rays from a Coolidge tube and

their wavelength. When both the filament current and the potential difference between the

anode and the cathode of the tube are increased, vsevvseess (1st session 2023)

@
®
©n
OF¥

: increases , A :

: decreases , A, :

: decreases , A, :

: increases , A :

Radiation intensity

A

L Wavelength
—f—
A A A A

does not change , A3 : does not change , radiation intensity : decreases

increases , A3 : does not change , radiation intensity : does not change

does not change , A3 : does not change , radiation intensity : increases

does not change , A3 : does not change , radiation intensity : increases

e The scientific basis of using X-rays to study the crystal structure of solids depends on sevevsesss
(2nd session 2023)

@ their ability to diffract when passing through crystals

their intensity

@ their wide spectral range

@ their quantum nature

@ In a Coolidge tube a tungsten target W(74) was used to produce X-rays, and one of the

characteristic X-ray wavelengths was 1.8 X 10711 m. If the target is replaced by molybdenum

M0(42), one of the possible characteristic X-ray wavelengths equals +vsesesess (2nd session

2023)

(W) 1.5 x 103nm  (8)4.9 x 103nm (¢)2.8 x 10*nm (D) 7.1 x 102 nm
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@ Figure (1) is a graph of the X-ray spectrum emitted from a Coolidge tube, while figure (2)
shows some transitions of electrons between energy levels in a target atom. Which of the

following choices gives a characteristic X-ray frequency and the transition that causes it? (1st
session 2024)

Intensity
M
L '
i 18 \
25 5 e bk S
(1 (2)

@ 5 x 10'8 Hz, from level (M) to level (K)
5 x 10'® Hz , from level (M) to level (L)
@ 5.3 x 10'8 Hz , from level (M) to level (K)
@ 5.3 x 10'8 Hz , from level (M) to level (L)
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@ In the Coolidge tube shown in the opposite figure, the target was made of an element of
atomic number 42. If the experiment is repeated using another target of atomic number 76
while increasing the potential difference across the tube, which of the following choices is

correct? (2nd session 2024)

u 7 ) T

L o

+ -
@ wavelength of the characteristic spectrum: increases, shortest wavelength of the
continuous spectrum: increases

wavelength of the characteristic spectrum: decreases, shortest wavelength of the
continuous spectrum: decreases
@ wavelength of the characteristic spectrum: decreases, shortest wavelength of the

continuous spectrum: increases

@ wavelength of the characteristic spectrum: increases, shortest wavelength of the

continuous spectrum: decreases

@ The opposite figure is a diagram of a Coolidge tube for producing X-rays. The part responsible

for accelerating the electrons emitted from the filament is +vvvvvvvvs (Sample exam 2025)

3
1/

4)

(1
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@ The opposite graph shows the relation between the intensity of the X-rays and the energy of
the photons produced by a Coolidge tube. If the target material is replaced by another of
smaller atomic number while the potential difference between the cathode and the anode stays
the same, which of the following figures can show the resulting spectrum? (Sample exam

2025)

Intensity

Photon
energy

Intensity Intensity
A
Photon Photon
energy energy
Intensity Intensity
Photon Photon
energy energy

@ The graph shows the relation between the intensity (I) of the X-rays from a Coolidge tube and
their wavelength (7\) . When the potential difference between the target and the filament is
increased, the difference between the values (Ay) and (Agy) +evvevenes (1st session 2025)

I
A

)“o )"k

@ becomes equal to (A,) decreases
@ does not change @ increases
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@ The graph represents the relation between the intensity of X-rays and the wavelength of the
rays produced in a Coolidge tube. Which wavelengths in the figure represent the characteristic

spectrum of the target material? (2nd session 2025)

Radiation intensity

A

\

N
o T~
P » Wavelength
0.10203040506070809 1 (‘fﬁ)

(@) o0.14A,0.54 () 0.6A,0.54 (©0.14,0.6 4 ®o6A, 14

———————— —

@ The graph shows the relation between the radiation intensity (I) and the wavelength (7\) of X-
rays emitted from a Coolidge tube. Calculate: (Trial exam 2023)
(1) the greatest energy of the released photons.

(2) the energy of one of the released photons of the characteristic rays.

I
A

: = A (nm
02 06 )
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Answer key and solutions

I Multiple choice questions

1 2 3 4 5 6 7 8 9 10
B B C C A C D B C A
11 12 13 14 15 16 17 18 19 20
C A C A A C C D C C
21 22 23 24 25 26 27 28 29 30
D B C A C B A D D A
31 32 33 34 35 36 37 38 39 40
C A B D D C D C B B
41 42 43 44 45 46 47 48 49 50
B C D D B C C B C B
51 52 53 54 55 56 57 58 59 60
A B D C B C B B D B
61 62 63 64 65 66 67 68 69 70
C A C C A A C D A C
71 72 73 74 75 76 77 78 79 80
C A C C A B B B D A
81 82 83 84 85 86 87 88 89 90
B D B A D D C C B A
91 92 93 94 95 96 97 98 99 100
D D B B C B D D C A
101

C

’ Answer (B)

The electron is a standing wave around the orbit: the circumference equals a whole number of
wavelengths.

2nr = nA

Atn=4

r=(2AN)/(m
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a Answer (B)

The standing wave condition:
2nr = nA

Substituting A, = J r gives n=2
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that is, the second orbit (L).

e Answer (C)

The wavelength equals the circumference of the orbit
A=2nr
that is, n=1 (the first orbit).

0 Answer (C)

Number of antinodes (crests and troughs) = 2n

8 antinodes means n=4

° Answer (A)

From de Broglie:

A = h/mv = (6.625x1073%)/(9.1x103'x7.28x10°) = 10° m
2nr = n\

r=(3x10°)/2n) = 4.77x10%m

6 Answer (C)

The wave completes 3 wavelengths around the orbit
2nr = nA
n=3

a Answer (D)

2mr = n)\ with n=3 (3 wavelengths in the figure)
A= (2nx4.761x1019/3 = 9.98x10°1%m

° Answer (B)

The figure shows n=2
A =h/mv=(6.625x103%)/(9.1x1031x1.09%x10°) = 6.68x10'°m
r=m\V/2n) = 2.13x101%m
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e Answer (C)

From Bohr's condition:
myvr = nh/(2mn)

v = nh/C2nimr)
v3/v4 = 3/4cdotry/r;3

@ Answer (A)

The energy is negative and rises (gets closer to zero) as n increases
E, = -13.6/(n?) eV

and the gaps between the levels get smaller as n increases, so graph (A).

Q Answer (C)

The stable state: the electron is in the lowest level (K) and does not radiate energy,
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because there is no lower level it can move to.

Q Answer (A)

The atom absorbs a photon whose energy equals the energy difference between the two levels.

hv =E2-E1

e Answer (C)

The transition from L to K emits a photon of energy

E=136-34=102¢eV

@ Answer (A)

The ionization energy from the stable state

E=136¢eV

@ Answer (A)

Ionization from K needs an energy of 13.6 eV

A = hc/E = 12400/13.6 = 910 mathringA = 9.1x 108 m

@ Answer (C)

The least energy that excites the atom from K is

E2 - El = 10.2 eV

@ Answer (C)

hv = E2 'El
7\, = hC/(Ez _El)
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@ Answer (D)

Longest wavelength = least energy

In the Lyman series: the transition from n=2ton=1

@ Answer (C)

Highest frequency = largest energy difference

In Brackett (ending at n=4): the transition from e to 4

@ Answer (C)

Transition (a) from L to K:
AE = 136-34 = 10.2eV
E=102x16x10" =16x1018J

@ Answer (D)

Transition (b) from M to K:
AE = 13.6-1.51 = 12.09 eV
Vv = E/h = (12.09%1.6x10'°)/(6.625%x 1073%) = 2.9x 10! Hz

@ Answer (B)

Transition (c) from M to L:
AE = 34-151 = 1.89¢eV
A = 1240/1.89 = 657 nm

@ Answer (C)

Transition (d) from N to L:
AE = 34-085 = 255eV
p=E/c=(255x1.6x10"1°)/(3%x10%) = 1.36x10°%7 kg-m/s

@ Answer (A)

Transition (e) from N to M:
AE = 1.51-085 = 0.66¢eV
m = E/(c?) = (0.66x1.6x10°1°)/(9%x10'%) = 1.2x 10736 kg

e Answer (C)

Shortest wavelength in Balmer = largest energy (from e to 2)

A = 12400/3.4 = 3653 mathringA
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@ Answer (B)

Shortest wavelength in Pfund (from e to 5)
A = 12400/0.544 = 22834 mathringA

@ Answer (A)

Longest A in each series = least energy
AD/(p) = (A E;-2)/(A Ez-1)
= (1/4-1/9)/(1-1/4) = 5/27

@ Answer (D)

In Lyman the longest A is from 2—1 and the shortest A, from oo —1

()\amax)/()\'min) = (A Eoo—»l)/(A E2—>1) = 1/(3/4) = 4/3

@ Answer (D)

Shortest A in Lyman:
A = hc/13.6
and in Balmer:

A'= hc/3.4 = 4\

@ Answer (A)

The lowest frequency in Paschen is (4—3) and the lowest frequency in Balmer is (3—2)

v)/(vy) = (1/9-1/16)/(1/4-1/9) = 7/20

e Answer (C)

E, «1/(n?)
E3/E2 = 4/9
E; = -4/9E

Q Answer (A)

2nry, = nhwithA = 2nr,)/5
n=>5
The ionization energy from this level:

E = 13.6/25 = 0.544 eV

thanawiya-archive.com
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@ Answer (B)

The energy of the photon:

E = hc/(A) = 2.09x107'8 J
E = E|(1-1/(n?»)

n’> =~ 25=n=>5

@ Answer (D)

Balmer lines end at the second level:

they are lines B (3—2) and D (4-2).

6 Answer (D)

Highest frequency = largest energy difference,

which is transition A (from 3 to 1).

e Answer (C)

The false statement is: line E has the highest frequency,
because the highest frequency is that of line D.

@ Answer (D)

The transition from 5 to 3 belongs to the Paschen series,

which is in the infrared region, so it is region D.

@ Answer (C)

Transitions to level K (Lyman)

are in the ultraviolet region.

@ Answer (B)

The atom absorbs only a photon whose energy equals exactly the energy difference between two

levels.
E2 - E] = 10.2 eV
So only photon (b) is absorbed.

@ Answer (B)

Lyman energy differences are larger than Balmer ones.
p = E/c

So the momentum of a Lyman photon is larger.
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@ Answer (B)

The number of lines when moving down from level n:

(n(n-1))/2 = 6

@ Answer (C)

E = -3.4 eV, thatisn=2
2nr = ni
A= (2nx2.13)/2 = 6.69 mathringA

@ Answer (D)

A = hc/(AE)

Transition A (from L to K) has a larger energy difference than transition D (from N to L),
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soAp < Ap

@ Answer (D)

E = 12400/14610 = 0.85 eV, that is the transition from o to n=4,
which is the Brackett series,

and its longest wavelength (from 5 to 4):

A = 40594 mathringA

@ Answer (B)

A = hc/(AE)
(An)/(Ap) = (AEp)/(AEp) = (Ex - Ex)/(EL - Ex)

@ Answer (C)

E=mc? =2267x103°%x9x10'¢ = 2.04x1018J

E=12.75¢eV
which is the difference between K and n=4 (N)
n=4

@ Answer (C)

The highest level the electron reaches: -13.6 + 12.75 = -0.85 eV
that is, n=4
Lyman lines: 4—1, 3—1 and 2—1

they are 3.
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@ Answer (B)

The electron is at n=4
Balmer lines: 4—2 and 3—2

they are 2.

@ Answer (C)

E = 12400/975 = 12.72 eV
Level n=4 (N)
Number of possible lines:

(4%x3)/2 =6

@ Answer (B)

The transition from 5 to 2:
AE = 34-0.544 = 2.856 eV
A = 12400/2.856 = 4349 mathringA

@ Answer (A)

1/3) = 1/(A) - 1/(A)
1/(\3) = 1/256.86 - 1/304.45
Az = 1643 nm

@ Answer (B)

The number of transitions from n=4:

(4%x3)/2 =6

@ Answer (D)

Lowest frequency = smallest energy difference (4-3):
AE = 1.51-0.85 = 0.66 eV
vV = (0.66x1.6x1071°)/(6.625x103*) = 1.59x10'* Hz

@ Answer (C)

Highest frequency = largest energy difference (4—1):
AE =13.6-085 = 12.75eV
v = (12.75x1.6x101°)/(6.625x1073) = 3.08 x10'> Hz
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@ Answer (B)

The photon energy (from 3 to 1):
E=136-151 = 12.09 eV
@ =E-KE = 12.09-9.79 = 2.3 eV

@ Answer (C)

E = 1240/656 = 1.89 eV
which is the energy difference between -1.51 and -3.4
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so it is transition (c).

@ Answer (B)

E = hc/(A) = 1240/486.3 = 2.55 eV

@ Answer (B)

The photon energy is 2.55 eV
E4 - E2 = 34-0.85 = 255eV

so the transition is from the fourth level to the second.

@ Answer (D)

The first photon:

E; = 1240/2624 = 0.4726 eV
which is the transition from 6 to 4.
The second photon:

E, = 1240/97.45 = 12.72 eV
which is the transition from 4 to 1.

Sox =6

@ Answer (B)

The prism (2) separates the spectra according to their wavelength because its refractive index

differs for each.

@ Answer (C)

The lens (3) collects the rays of each colour at its own focus on the focal plane.

@ Answer (A)

The emission spectrum comes from an electron moving from a higher energy level to a lower one.
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@ Answer (C)

White (continuous) light passes through sodium vapour, which absorbs certain wavelengths,
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so we get dark lines on a coloured background.

@ Answer (C)

Absorption spectrum: dark lines on a coloured background.

@ Answer (A)

A continuous spectrum comes from glowing solid bodies,

such as a tungsten lamp.

@ Answer (A)

The graph shows radiation intensity for all wavelengths without a break,

so it is a continuous spectrum.

@ Answer (C)

White light is continuous; it passes through a gas, which absorbs certain wavelengths,

so the absorption spectrum appears: dark lines on a bright background.

@ Answer (D)

We identify the transitions:

a4—-3d:5—-3c4—-2b:3—=1e2—1

Only line (c) is in the visible region.

(b) and (e) are ultraviolet: the shorter A on the left and the longer on the right.
(d) and (a) are infrared.

Theorder:be|c|da

@ Answer (A)

X-rays are not charged (electromagnetic waves),

so they are not deflected in a magnetic field.

@ Answer (C)

The penetrating power depends on the photon energy (the potential difference)

and does not depend on the current (which affects the intensity only).

@ Answer (C)

The electrical energy of the source changes into kinetic energy of the electrons,

which changes on impact into electromagnetic energy (X-rays).

66 /80



Atomic Spectra

@ Answer (A)

X-rays need a large energy (thousands of eV),
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and the energy of K in hydrogen (13.6 eV) is much less than the energy of X-ray photons.

@ Answer (C)

The minimum wavelength depends on the potential difference between the filament and the target,
while the heating voltage of the filament does not affect it,

so it does not change.

@ Answer (C)

The characteristic (line) spectrum depends on the material of the target,

because it comes from transitions inside the atoms of the target.

@ Answer (A)

Photon z comes from a transition between two levels (characteristic line spectrum).
Photon y comes from the electron slowing down near the nucleus (continuous spectrum).

So photon (y) belongs to the continuous spectrum.

@ Answer (B)

KEp. = eV

A direct linear relation through the origin.

@ Answer (B)

Vmax = eV/h

A direct linear relation through the origin.

@ Answer (B)

Shortest wavelength:
Xmin = hc/ eV,

so it changes when the potential difference V, between the filament and the target changes.

@ Answer (D)

The electrons must be accelerated towards the target,
so the target must be the anode (positive).
In the figure the target is connected to the negative pole,

so we reverse the poles of the source V5.
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@ Answer (A)

Increasing the potential difference decreases A, only (7\.1),
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while the characteristic lines (A;) depend on the material of the target.

@ Answer (B)

The characteristic line is the sharp peak (o).

It comes from an electron moving from a higher level to a level close to the nucleus.

@ Answer (D)

The two curves have the same A;, and the same peak positions,
and the intensity of (2) is greater,

so only the filament current changed.

@ Answer (B)

(1) has a smaller Ay, s0 Vi > V;
The lines of (2) are at shorter wavelengths, so it is for an element of larger atomic number:

Zl<ZZ

@ Answer (A)

Increasing the filament current increases the number of electrons, so the intensity of the rays
increases,

while A i, and the peak positions stay the same.

@ Answer (D)

Increasing the potential difference decreases Ay, and increases the intensity,

while the peak positions stay fixed.

@ Answer (D)

Enax = h¢/(Amin) = 12400/0.414 = 3x10% eV
E=3x10% X 1.6x10'° = 48x1015J

@ Answer (C)

V = he/(hmn) = 12400/0.414

V=30x103V
Answer (C)
Vmax = eV/h

Viax = (1.6 X109 % 13255)/(6.625x 1073%) = 3.2x10'8 Hz
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Amin = hc/KE
Amin = (6.625x1034x3%x108)/(5%x10'8) = 3.975x108 m

@ Answer (A)

V = hc/(eApin)
V = (6.625%x103*x3%x10%)/(1.6 x10°1°x0.4%x 1019 = 31.05x 103 V

e Answer (D)

Vmax = ¢/ O"min)
Vimax = (3%X10%)/(0.4%x101°) = 7.5%x10'8 Hz

@ Answer (D)

The highest photon energy in the continuous spectrum is 100 keV
eV = 100 keV
V = 100 kv

@ Answer (B)

The first transition is 59.3 keV and the second 67.2 keV
Ex = -10.2 - 59.3 = -69.5 keV
Ey = -69.5 + 67.2 = -2.3 keV

@ Answer (B)

KE .« = eV
KE .« = 1.6x1019x30%x10% = 4.8x10°1>J

@ Answer (C)

1/2mv? = eV
v = V(2eV/m) = V((2%x4.8x101°)/(9.11x10731))
v = 10.27x 10" m/s

@ Answer (B)

The number of electrons per second
n=1I/e=(7x103)/(1.6x10"°)
n = 4375x10'
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@ Answer (D)

Amin = hc/eV = 12400/30000
Amin = 0.414 mathringA

@ Answer (D)

The maximum energy of the electron:

KE = he/(Amin)

The wavelength accompanying the electron:
)\'e = h/(V(2mKE)) = \/((h)\'mm)/ 2mc)
Ae = 5.5 pm

@ Answer (C)

X-rays have a short wavelength,
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so they pass through soft tissue and are absorbed in the bones.

@ Answer (A)

Beam Y is not deflected, so it is X-rays.

Beam Z is deflected towards the positive plate, so it is cathode rays (electrons).

@ Answer (C)

X-rays have higher energy than the other radiations in the figure,

so they are the most penetrating and travel the longest distance inside the lead.

I Essay questions

G Model answer

(H)A = @rr)/n= (2% 22/7 X 0.53 x 10'9/1 = 3.33 x 101%m

v =h/(m.A) = (6.625 x 1034 /(9.1 x 103! x 3.33 x 10°19) = 2,19 x 105 m/s
Es-E; = [(-13.6)/(3%) - (-13.6)] = 12.09 eV

A = hc/(E;-Ep) = (6.625 x 103 x 3 x 108)/(12.09 x 1.6 x 10°'°) = 1.03 x 1077
m

The atoms move to different excited levels (n =2, 3, 4, ), then after a very short time they
return to lower energy levels and emit photons of different energies, forming the series of the

atomic spectrum of hydrogen.
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e Model answer

Because the energy difference between any two levels in the atom is different from the energy
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difference between any other two levels.

0 Model answer

(1) E, = (-13.6)/(n?), so n?> = (-13.6)/(-0.85) = 16 ,n = 4
(2)mh = 2nr:4A = 2 X 22/7 X 848 x 10719, 50 A = 1.33 x 10° m = 1.33 nm
(3) v = h/(m.A) = (6.625 x 103%)/(9.1 x 103! x 1.33 x 107°) = 5.47 x 10°m/s

° Model answer

(1) Because the photon emitted from transition (x) is in the Balmer series, that is in the visible
light range, while the photon emitted from transition (y) is in the Lyman series, that is in the
ultraviolet range, and the energy of visible light photons is less than the energy of ultraviolet
photons.

(2) Because the photon emitted from transition (y) is in the ultraviolet range and the photon
emitted from transition (z) is in the infrared range, and both are invisible, while the photon

emitted from transition (x) is in the visible light range.

e Model answer

m = (AE)/(c?) = (B - Ex)/(c?) = (((-13.6)/(2?) - (-13.6)) X 1.6 x 1071°)/((3 x
10%)?) = 1.81 x 103’ kg

a Model answer

AE =E,-E; = (-13.6)/(2%) - (-13.6) = 10.2 eV
P = (AE)/c = (10.2 X 1.6 X 10°1°)/(3 x 10%) = 5.44 x 107" kgm/s

° Model answer

N =2nr:n X 2nr = 2nr,son = 1

hc/(A) = E_o - E;

(6.625 x 103% x 3 x 108)/(A) = (0- (-13.6)) X 1.6 x 10°1°
A=9134 x 108m = 913.4 AA

° Model answer

The longest wavelength in the Lyman series is from level L (n = 2) to K (n = 1):
A = hc/((-13.6)/(2%) - (-13.6)) = hc/10.2

The longest wavelength in the Pfund series is from level P (n = 6) to O (n = 5):
Apfund = hc/((-13.6)/(62) - (-13.6)/(5%)) = hc/0.17

Dividing: Apfung = 10.2/0.17\. = 60A
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@ Model answer

(1) The energies of the emitted photons, starting from the smallest:

AEf = -0.85-(-1.51) = 0.66eV,AEqy = -1.51-(-3.4) = 1.89eV,AE, = -0.85 - (-3.4)
= 2.55eV

The energy of photon (e) is greater than the work function of the surface (2.14 eV), and the

energies of photons (a), (b), (c) are greater than that of photon (e).
Each of photons (a), (b), (c), (e) causes the emission of an electron, so four electrons leave the
surface.

(2) Photon (c), because it has the greatest energy.

° Model answer

Line absorption spectrum: produced when a continuous spectrum passes through a gas or vapour
of an element, so some wavelengths disappear from the continuous spectrum after it is analysed by
the spectrometer. It appears as black lines on a coloured background.

Line emission spectrum: produced when an excited atom moves from a higher energy level to a

lower one. It appears as coloured lines on a black background.

@ Model answer

(1) Dark lines on a coloured background; these dark lines are the characteristic line absorption
spectrum of argon.
(2) A coloured region, which is the continuous spectrum produced by the glowing filament of the

lamp.

e Model answer

By passing white light (a continuous spectrum) through each of the two elements in the gaseous
state and passing the resulting spectrum through a spectrometer. The characteristic line absorption

spectrum of each element appears, and from it the two elements can be identified.

@ Model answer

By analysing the solar spectrum, the characteristic wavelengths of hydrogen and helium were

found to be absorbed from it, appearing as dark lines on a coloured background (Fraunhofer lines).

@ Model answer

(1) Potential difference (2) is greater than potential difference (1).
Potential difference (1) heats the filament so that electrons leave it, and potential difference (2)

accelerates the electrons emitted from the filament.
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(2) From electrical energy to heat energy to mechanical energy to electromagnetic energy: an
electric current flows in the filament (electrical energy), so its temperature rises (heat energy),
which makes electrons leave it. They are accelerated by the high potential difference between the
target and the filament and gain kinetic energy (mechanical energy), and when they hit the target
the electrons lose their energy as X-rays (electromagnetic energy).

(3) Thermionic emission: when the cathode is heated using a high DC potential difference, the
electrons gain enough energy to overcome the surface potential barrier of the cathode material, so
electrons leave the filament.

(4) (a) The target: a material of large atomic number and high melting point, such as tungsten.

(b) The filament: a material of high melting point, such as tungsten.

@ Model answer

(1) Because of its high thermal conductivity, which carries most of the heat produced to the
cooling fins, which get rid of it by radiation.

(2) By changing the potential difference between the anode and the cathode.

(3) By changing the filament current or the potential difference between the anode and the

cathode.

@ Model answer

So that the accelerated electron has enough energy to knock out an electron close to the nucleus of

the target material.

@ Model answer

(1) When the accelerated electrons emitted from the cathode pass near the electrons of the atoms
of the target material, their speed and energy decrease because of collisions and scattering.
According to Maxwell-Hertz theory, the energy lost by the electrons appears as electromagnetic
radiation containing all possible wavelengths.

(2) (a) Some accelerated electrons lose all of their energy when they hit the target.

(b) One of the accelerated electrons from the cathode collides with one of the electrons close to the
nucleus of a target atom, so that electron gains energy that moves it out of the atom or to levels
farther from the nucleus. Another electron from a higher energy level takes its place, and the

energy difference between the two levels appears as radiation of a definite wavelength (A,).

@ Model answer

The larger the energy difference between the two levels the electron moves between, the higher the

frequency of the emitted radiation and the shorter its wavelength, so:
(1) A2
(2) M
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@ Model answer

Radiation (1) is infrared rays, and radiation (2) is X-rays.
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(1) and (2): radiation (2), because its energy is greater.

@ Model answer

Energy in: electrical energy.
Energy out: electromagnetic energy.

Wasted energy: part of the electromagnetic energy turns into heat energy.

@ Model answer

Because the free electrons inside the tube gain high energy from the high potential difference
between the target and the filament, and when they hit the target they lose part or all of this

energy, which appears as a spectrum of very short wavelengths (very high frequencies).

e Model answer

v =P /m, = (63.7 x 10°2°)/(9.1 x 103') = 7 x 10°m/s
E=1/2m.v* = 1/2 x 9.1 x 103! x (7 x 109?% = 2.23 x 1017 J
A = hc/E = (6.625 x 103* x 3 x 10%)/(2.23 x 10'7) = 891 x 10° m

@ Model answer

()N =1It/e = (5 x 107 x 1)/(1.6 x 107'°) = 3.125 x 10'C electrons
(2) Py = VI =40 x 10° X 5 x 107 = 200 W
(3) (Py)xray = 200 X 2/100 = 4 W

e Model answer

The gas atoms are ionized because of the high energy of X-rays.

@ Model answer

Because X-rays penetrate materials better than visible light, and they penetrate to different degrees

depending on what is inside the bags, so they can be used to reveal those contents.

e Model answer

The intensity of the X-rays at point a is greater than at point b.
This is used by exposing metals to X-rays and receiving the rays that pass through on a
photographic plate, so gas bubbles or internal cracks in the metal are detected from the differences

in intensity from one region to another.
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I Past exam questions

1 2 3 4 5 6 7 8 9 10

B D C C B B C A C D

11 12 13 14 15 16 17 18 19 20

A A B D A C C D C B

21 22 23 24 25 26 27 28 29 30

C B D D A A A D

31 32 33 34 35 36 37 38 39 40
B C D D C A A B

41 42 43 44 45

A C D B —

a Answer (B)

The energy of (S) = E3 - E;, s0 1/(Ag) = 1/256.86 - 1/304.45
Ag = 1643 nm

a Answer (D)

AE = 13.6(1-1/16) = 12.75 eV
A = hc/(AE) = (6.625 x 1034 x 3 X 10%)/(12.75 X 1.6 X 10°'°) = 9.74 x 108 m

e Answer (C)

The longest wavelength in the visible spectrum (Balmer) is for the transition fromn = 3 ton = 2

AE = 13.6(1/4-1/9) = 1.89eV,A = 6576 AA

0 Answer (C)

The number of waves around the orbit = the number of the level: X) n=2,(Z)n=5,Y)n=6
Ez -Ex = 13.6(1/4-1/25) = 2.86 eV is greater than Ey - E; = 13.6(1/25-1/36) = 0.17
eV

° Answer (B)

AEy = 13.6(1/4-1/16) = 2.55eV,AEg = 13.6(1-1/4) = 10.2¢eV
(upsilona)/(upsilong) = 2.55/10.2 = 1/4

e Answer (B)

The number of waves around the orbit is 5, so it is level n = 5

Returning to n = 5 (Pfund series) gives infrared rays.
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G Answer (C)

Py = E/c, so the ratio = the ratio of the energies
AEx = 13.6(1/4-1/16) = 13.6 X 3/16 ,AEy = 13.6(1-1/9) = 13.6 X 8/9
((P1)x)/((P1)y) = 3/16 x 9/8 = 27/128

° Answer (A)

AE; = 13.6(1/9-1/16) = 13.6 X 7/144 ,AE, = 13.6(1/4-1/9) = 13.6 x 20/144
A/ = (AE)/(AE) = 20/7

e Answer (C)

Longest wavelength = smallest energy difference, which is the transition from the sixth level to the
fifth (Pfund series).

@ Answer (D)

The number of waves around the orbit is 4, so it is level n = 4

E4 = (-13.6)/16 = -0.85 eV

Q Answer (A)

From the fifth level the electron can return to levels 4, 3, 2, 1,
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so 4 series are emitted (Pfund needs n = 6, so it is not emitted).

@ Answer (A)

387.5 nm is the shortest wavelength, so it is the transition E3 — E{, and 1033.3 nm is the
longest, E3 — E,

(S)isE, = E;:1/(As) = 1/387.5-1/1033.3

Ag = 620 nm

e Answer (B)

The energy of the absorbed photon = the sum of the energies of the emitted photons (conservation
of energy).
hupsilon = hupsilon; + hupsilon, + hupsilons, so upsilon = upsilon; + upsilon, + upsilon;

@ Answer (D)

E = hc/(\) = (6.625 x 1034 x 3 x 10%)/(974 x 1010 x 1.6 x 10''?) = 12.75 eV

which is the difference between n = 4 and n = 1, that is transition A.
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@ Answer (A)

EMox =3 X 101" + 1.634 x 10718 = 1.934 x 1018 J
upsilon = E/h = (1.934 x 10718)/(6.625 x 1073%) = 2.92 x 10'°> Hz

@ Answer (C)

The shortest wavelength of visible light is from the transition n = 4 ton = 2:

AE = -0.85-(-34) = 2.55eV,\ = hc/(AE) = 487.1 nm

@ Answer (C)

The line emission spectrum of hydrogen gas is coloured lines on a black background.

@ Answer (D)

White light passing through a gas gives a line absorption spectrum: a background of the spectrum
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colours with black lines in it.

Q Answer (C)

Figure (1): the light of the glowing lamp directly gives a continuous spectrum.

Figure (2): the light of the lamp passes through the gas and gives a line absorption spectrum.

@ Answer (B)

An electron moving from a higher level to a lower one gives a line emission spectrum.

The photon energy = 4E - E = 3E

@ Answer (C)

Glowing hydrogen gives a line spectrum, and the laser has almost a single wavelength, so its

spectrum is a line spectrum.

@ Answer (B)

Fraunhofer lines are dark lines in the solar spectrum caused by absorption by the gases around the

Sun, so they are a line absorption spectrum.

e Answer (D)

Spectrum (N) is coloured lines on a black background: an emission spectrum. Spectrum (M) is
black lines on a coloured background: an absorption spectrum.

The lines are at the same positions, so they are of the same gas.
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@ Answer (D)

The cold gas absorbs its characteristic wavelengths from the continuous spectrum, so black lines
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appear within the continuous spectrum.

@ Answer (A)

The wavelength of the characteristic spectrum decreases as the atomic number of the target

increases, so to get longer wavelengths we use a smaller atomic number: 29

@ Answer (A)

KE = 1/2mv? = 1/2 x 9.1 x 103! x (7.34 x 10%)? = 2.45 x 10°'7 J
Amin = hc/KE = (6.625 X 1073% x 3 x 108)/(2.45 x 10°'7) = 8.11 x 10°m = 8.11
nm

e Answer (D)

Electron (y) is knocked out of level K, so an electron from a higher level moves into it:

fromL:-12-(-69) = 57 keV , from M : -2 - (-69) = 67 keV

@ Answer (A)

A, is at a sharp peak, so it belongs to the characteristic spectrum, whose wavelength decreases as
the atomic number of the target increases.

A1 depends only on the potential difference.

e Answer (D)

The lowest frequency of the characteristic spectrum matches the longest characteristic wavelength,

0.7 A, and the highest frequency of the continuous spectrum matches the shortest wavelength,
0.35 A

(upsilon)/(upsilon,) = 0.35/0.7 = 0.5

@ Answer (B)

P;, = h/(\), so the maximum momentum matches the shortest characteristic wavelength: 0.08

nm

e Answer (A)

E = hupsilon = 6.625 x 1073% X 543 x 10'8 = 3.6 x 101> J = 22.5 keV
The energy of the other level = -1.5 - 22.5 = -24 keV

Q Answer (B)

A transition between two levels gives the characteristic spectrum (a sharp peak), which is A3
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@ Answer (C)

The energy lost = 70 - 54.5 = 15.5 keV
A = hc/E = (6.625 x 103* x 3 x 10%)/(15.5 x 10° x 1.6 x 10°'°) = 8.01 x 10°!!
m

@ Answer (D)

AE = -83-(-74) = 65.7 keV
A = hc/(AE) = (6.625 x 103% x 3 x 10%)/(65.7 x 10° x 1.6 x 10°1°) = 1.9 x
10 m

@ Answer (D)

The sharp peaks are at 6 nm and 10 nm, so the shortest characteristic wavelength is 6 nm

e Answer (C)

Increasing the potential difference decreases A (the shortest wavelength), and the characteristic
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spectrum A, , A3 does not change.

Increasing the filament current and the potential difference increases the radiation intensity.

e Answer (A)

Studying crystal structure depends on the diffraction of X-rays when they pass through crystals.

@ Answer (D)

Molybdenum has a smaller atomic number, so its characteristic wavelength is longer than 1.8 X
10'""'m = 1.8 x 102 nm

and the only longer choice is 7.1 X 1072 nm

@ Answer (A)

The peak of the higher frequency, 5 X 10'8 Hz, matches the transition of larger energy, from M
to K

@ Answer (B)

Increasing the atomic number decreases the wavelength of the characteristic spectrum.

Increasing the potential difference decreases the shortest wavelength of the continuous spectrum.

0 Answer (A)

The high potential difference (1) between the filament and the target accelerates the electrons

emitted from the filament.

The battery (2) heats the filament.
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@ Answer (C)

With the same potential difference, the maximum energy of the continuous spectrum stays the
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same.

The smaller atomic number puts the peaks of the characteristic spectrum at lower energies (they
shift to the left).

@ Answer (D)

Increasing the potential difference decreases A, while A does not change, so the difference

between them increases.

@ Answer (B)

The characteristic spectrum is the sharp peaks at 0.5 A and 0.6 A

@ Model answer

(1) Emax = he/imin) = (6.625 x 10734 x 3 x 10%)/(0.2 x 10°) = 9.94 x 1071 J
(2) E = he/(A) = (6.625 x 10734 x 3 x 10%)/(0.6 x 10°) = 3.31 x 1071 J
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