Skill 57: Energy of Photons — Abserotion and Enission
Energy of photons:

- Photons have the following properties: E o ? f B
e Travel at the speed of light (c) """;;g~3ﬁjg@§,¥g~;ar§ - é; """
e Have no mass
e Carry energy and momentum
e Undergo particle-like collisions

The Energy of a photon is directly related to the frequency of vibration of a charged particle by a constant

known as Planck’s constant. {Ephoten and wavelength (A) are inversely proportionatl)
Phanokds constant h 663 x 104 Tes

Using this equation the energy of a photon is measured in Joules.
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An atom can emit or absorb energy related to the specific energy levels within an atom.

Hydrogen .
An absorbed photon can have an effect on electrons in an atom:
Level Energy {aV) i . “
fonizabion = oo e If a photon with a corresponding energy to one of the “energy
new - . . )
n=4 038 gaps” is available the photon will be absorbed and the electron
n=d e, 088 will jump to that level (n).
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1 e If energy of the photon is greater than the ionization energy,
the electron will be liberated
o e If the energy of the photon is not the right energy for either of

the above conditions then nothing happens.
A photon can be emitted when an excited electron falls from a higher

energy level to a lower level. The energy of the emitted photon will be
equal to the energy drop.

Ground State -
A= RS ~13.60

Energy Levels for the Hydrogen Atom

The energy of an electron and corresponding photon (emitted or absorbed) is expressed in electron-
volts (eV's). To convert between eV’s and Joules use the conversion (1eV = 1.6x10*%)). If energy is
given in eV's multiply by 1.6 x 10°]; if in Joules divide by 1.6 x 107
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Each atom can be identified by the absorption or emission spectrum for each element.

Absorption Spectrum: when an atom absorbs energy, it causes an electron to jump to
a higher energy level. These energy levels are limited to specific “quanta”.

Abgorption Spectrem — photons are sheorbed by @ cold gas
13 That only certaln frequencies do NOT pass theough

Tronsenirted
Phgsagns =
IAGSE COME
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Emission Spectrum; photons emitted from a heated source will only have certain

frequencies

Zrniuslon Spsetrum —~ photons eemitted from 2 heated source
willl oishy fave cortatn Troguentieg

Bright Line
Spertrum

Light has both
A wave nature (diffraction, interference, Doppler effect, “double slit experiment)

AND a particle nature (collisions, momentum, photoelectric effect, blackbody radiation
etc). : .




346. An atom of hydrogen has an electron in its excited, n = 4 state. The electron spontaneously
drops to the n = 1 state, emitting a photon as it does so.

a. Calculate the energy of this photon in electron-volts.
T phroion - Te = -85al- Bo0an = 175 e

b. Convert this energy into joules.
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d. Use the electromagnetic spectrum chart to determme the photon s type. U\\{

347, A hydrogen atom has an eIectron initsn=2 state is hitby a photon with a frequency of 6.90 x
1014 hertz. \\‘\ L \! G O V (()\(\C_,\( e cs I SRS Y AN T

a. Determine the waveie)ngth of this photon.
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b. Determine the energy of the photon in Joules ) e e
a0 el e (oot < 45953107 2558110 \

c. Convert this energy into electron volis.
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d. Determine which energy level the electron will move to When hlt by this photon

2 =3M0e
348. A photon with a frequency of 7.5 x 101« hertz is traveling thorough empty space.

a. Determine the wavelength of this photon
‘_) )\ !_I)l
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b. Calculate the energy of this photon in JOU|ES _ . e
- AERY [ e AR e . ™ §
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349, Calculate the frequency of the following set of photons:

a. 4.0 x 1020 meter

IR = TG 219H
s
¢. 3.0 electron-volts. p 0 Qo
-~ 14 = 1.0 A f‘ -
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350. The energy of a photon varies
{1) d#ec%ly Withwvelength X: . \f\( - \ﬁ c
(2) “directly Iy with frequency P, o ' //\;

(3) inversely with frequency
{4}-nversely with-the-square of frequency

351. What is the e energy of a photon with a frequency of 5.0 x 101shertz?

33 %101 (3) 1.5 x 1024 _ NLPSLIE I
(2)20% 10160 (4) 7.5 x 104 oA ((0 15 (5 /\_\O

2. 2510

352, Which of the photaons given would have the greatest energy?
{1) red (3) green

(2) yellow (@) biug™ ™

353. Which phenomenon can only be explained by assuming that light is quantized?
quantized:
(1) polarization (3) mterference

(2) diffraction /(21) photoele ric effectj

354. Experiments performed with light indicate that light exhibits
{1) particle properties only ‘

(2) wave properties anly
43) both particle and wave properties)
{4) neither particle nor wave properties

355, The energy needed to ionize a hydrogen atom in the ground state is
(1) 2.9 eV (3) 13. 06 eV

(2)3.2 eV ('13 6 eV /)




356. Photons incident upon hydrogen atoms in the n = 2 level raise the energy of the atoms to the n = 4 level.
What is the energy of the incident photons?
(1)1.89eV  {3)3.40eV

((2)5_455’ e j (4) 4.25 eV

357. Several hydrogen atoms are supplied with sufficient energy to excite them to the n =3 energy level. As
the atoms return to the ground state, how many different energy-level transitions are possible?
(1)1 @ L o \
e 4\) i;"g‘: RS Vi fig \"‘--" - !

358. A photon with 15.5 electron volts of energy is incident upen a hydrogen atom in the ground state. If the
photon is absorbed by the atom, it will
({1) ionize the atom>

(2) excite the atomton=2

(3) excite the atomtan=3
(4} excite the atomtan=4




Topic 613: Energy of Photons
Skilis 57

359. Moving electrons are found to exhibit properties of

A) particles, only
B) waves, only

{C both partlcles and Wavcs 7y
D) “neither partlcles nor waves

360. Light demonstrates the characteristics of

A) particles, only

B) waves, only

( (9), “Both partlcies and waves )
D) ‘neither particles nor waves

361. Which phenomenon best supports the theory that
matter has a wave nature?

A) electron momentum
BY electron diffraction>
C) photon momentum
D) photon diffraction

!
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362. Which phenomenon can best be explained by the
wave model of light rather than the particle model
of light?
(A) interference -2
B) reflection westes & ;
C) encrgy transfer wves &t
D) photoelectric effect e ! e e

363. Which phenomenon can be explained by both the
particle model and wave model?

/ A) reﬂecﬁ)

) diffraction;

L [PALRAES
-

B) polarization " %
3} interference wonues wnly

364. Which phenomenon is most casily explained by the
particle theory of light?

ﬁ photoelectrlc effect oj-.-(w oo

Bj‘km&)hstrﬁ_cjﬁve interference o
C) polarization waes

D) diffraction -pesis

365. A monochromatic beam of light has a frequency of
7.69 x 1014 hertz. What is the energy of a photon of
this light?

A)2359x1040)  B) 692x 10217
@)5.10x 10591 ) D) 3.90% 1077 J
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366. A variable-frequency light source emits a series of
photons. As the frequency of the photon increases,
what happens to the energy and Wavelcngth of the

photon?  E =i A=
i

4

A) The-energy-decreases and tnc WaVeiength

decreases.

B) The-energy-deereases and the wavelength
increases. ...

C) The energy increases and the waveler@)
decreases. e

D) The energy increases and the wavelength
increases.

367. A photon of light traveling through space with a
wavelength of 6.0 » 107 meter has an energy of
A) 40x 104 ]
C) 54x1010 ]

B 331019 3
D)50><1014J
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Topic 60: Energy of Phetons

368. Which graph best represents the relationship

between photon energy and photon frequency?
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369. All photons in a vacuum have the same = €.

)
A0

CAYE}S?QQ) B) wavelength
C) energy D) frequency

370. Light of wavelength 5.0 x 10~7 meter consists of

photons having an energy of

A) 1.1 x 1087 B) 1.3 x1027]

© 40x10197> D) 1.7x10-5)

f/ ﬂ Co- 'V’ /”?J’ 4' 5
) O

\“\\}

/

St

.a)y\‘ )Q(‘}"(

?31

371. The energy of a photon is inversely proportional to
its ' )

( m(/
@Veleng{h B) frequency T =i
© sp eed e D) phase
L, ( (,()
frf"’s

372. Compared to a photon of red light, a photon of blue
light has a

A) greater en@

B) longméf‘\;avelength

C)- smallermomentum

D)-lower frequency

373. Which characteristic of electromagnetic radiation is
directly proportional to the energy of a photon?

A) wavelength B) period
(C) froquency > D) path

374. What is the energy of a photon with a frequency of
5.00 x 1014 hertz?

AY 3326V By 3.20 x 106 eV
C) 3.00 x 1048 ] (js 32X 10210
J)Ej :‘V\'@; 1 o b Q Ne \( A u%sw,. j
o 5. M}‘;(‘\O lqu

375. What is the energy of a quantum of light having a
frequency of 6.0 x 1014 hertz?

A) 16x109]  (B) 4.0x10-9] )

C) 3.0 x 1087 D)50><10—7J
T e
({9 (& f"«'fd Js )(Cﬂ/ WF 7%
= M e (07

376. In which part of the electromagnetic spectrum does
a photon have the greatest energy?

A) red B) infrared
.t A e
C) violet /D) ultraviolet™

)
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Topic 61: Energy of Photons

377.

Base your answer to the following question on the data table and graph below. The data table lists
the energy and corresponding frequency of five photons. The graph represents the relationship
between the energy and the frequency of photons.

Photon Energy (J) |Frequency (Hz) Energy vs. Frequency
A 6.63 x 1071° 1.00 x 10% .
B 199 x 107 | 3.00x 10% =
c 3.49 x 10719 526 x 10™ g
D 1.33%107%0 2,00 x 1013 i-ﬁ
E 6.63 % 1029 1.00 x 108

Frequency (Hz)
Wi ety i . e (SN
The slope of the graph would be v = ';”” o (58 2 % =1 Pheenct § Conssiwn

K 6.63 X 104 Jos ) B) 6.67 x 101 NemZ/kg

C) 1.60 x 10197 D) 1.60 x 10-19 C

379.

380.

378. Electrons in excited hydrogen atoms are in the »n = y 381. A photon of light carries
3 energy level. How many different photon A) energy, but not momentum
frequencies could be emitted as the atoms return to EY:
th B) momentum, but not energy
e ground state?
f/_rﬁ--"f‘;’?;;‘:'s“ @\1’9@“9{!}?{%}’ and momenm
A) 1 B)y2 C)?”) D) 4 D) neither energy nor momentum
add \pwer ke Sl Q’\C}nr‘f;mf«-;ﬁ e, osies B go e E
382. On the atomic level, energy and matter exhibit the
The momentum of a photon, p, is given by the. characteristics of
. h . ;
equattm@: -}:}vhere h is Planck’s constant and A) particles, only
A is the photon’s wavelength. Which equation B) waves, only
correctly represents the energy of a photon in C) neither particles nor waves
b f it tum?
erins OF T momentin mh partlcles and waves )
A) Ephnhm = Ph(’,‘ B) _ @ T
o =7
C) Ephrnfun = i_? 6) E“h”t”ﬂ" =Mff>
o 383. A photon is emifted as the electron in a hydrogen
r; ‘h (L ( PO 0 atom drops from the » = 5 energy level directly to
. /\) X the n = 3 energy level. What is the energy of the
_ o h ) emitted photon?
What is the minimum energy needed to ionize a K’*‘“ e
hydrogen atom in the n = 2 energy state? A) 0.85eV B) 0.97 er
C) 1.51leV D) 2.05 eV
A) 13.6eV. B) 102eV ) )
(C) 3.40 e‘[,,_.) D) 1.89 eV s e )
e + ) T hn; j O I f() r e vﬁ{ i C\/
\fp\w\t (- SEASE O




Topic 61): Energy of Photons

384. An electron in the ¢ level of a mercury atom
returns to the ground state. Which photon energy
could nof be emitted by the atom during this

process? Lol \onol ooy

A) 0.22 eV B) 4.64 V/

PO - 7‘9 J }LI L oDeM
Yporlolines CH0 088550 = U el

!.‘;).::7{)_ 101(58 5 "

"385. An electron in a mercury atom drops from energy
level fto energy level ¢ by emitting a photon

having an energy of

A) 820¢eV B) 5.52 eV
C) 2.84¢cV) D) 2.68 eV
e ;/(;} fv’}() f

C. - Y:Ja a r;s_t’(“f’

Base your answers to questions 386 and 387 on the
statement below.

The spectrum of visible light emitted during
transitions in excited hydrogen atoms is
composed of blue, green, red, and violet lines.

386. What characteristic of light determines the amount
of energy carried by a photon of that light?

A) amplitade ¢BY frequency”
C) phase D) velocity

387. Which color of light in the visible hydrogen
spectrum has photons of the shortest wavelength?
A) blue B) green )
C) red )

@) violet highy

. PR : f-D’@t’ YL,
MY R emats

ERCACTY

388. After electrons in hydrogen atoms are excited to the

n = 3 energy state, how many different frequencies
of radiation can be emitted as the electrons return

to the ground state?
T
o3 o

Ayl B)2
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389. A photon having an energy of 9.40 electronvolts
strikes a hydrogen atom in the ground state. Why is
the photon rot absorbed by the hydrogen atom?

A)-The atom’s-erbitel-electron-is-moving too-fast.
B).The photen stfi-k’mg- the-atoni-is- moving too

_ fast: R
lC) Th photon s energy is too small, )

Dy “The phbton is bemg tepelled by electrostatlc
force:~

390. Which type of photon is emitted when an electron

in a hydrogen atom drops from the 7 = 2 to the w =

1 energy level? \ ool do Lhovh

m trawoiD B) visible light
C) infrared D) radio wave
= VR a2 el
(:c@;r{"r‘i\; t} - 10 Ap\fxiﬂmq :
Tind. 2 TN 0 e,
391. A hydiogen atom with an electron initially in the »
=2 level is excited further until the electron is in
the n = 4 level. This energy level change occurs

because the atom has

A)--absorbed-a-0-85-eVphoton

B)-emitted-a 6-85=eV photon N
KC) ‘absorbed a 2.55-eV pho't?)h} (128 qwe )

D) emitted a 2.55-eV photon

A

oD Lk QJ&‘E&:‘(’%}! &0

392. White light is passed through a cloud of cool
hydrogen gas and then examined with a
spectroscope. The dark lines observed on a bright
background are caused by

A) the hydrogen emitting all frequencies in white

Jght -
{ B) the hydrogen abso1bmg, certam frequen(;les of
“_thewhitelight . I

C) diffraction of the white light
D) constructive interference




Topic 603: Energy of Photons

393. A mercury atom in the ground state absorbs 20.00
electronvolts of energy and is ionized by losing an
electron. How much kinetic energy does this
electron have after the ionization?

A) 6.40 eV B) 9;*6‘2fexf
C) 10.38 eV 13760 eV

Tl e AN zedtor o Fpea ":i*?'-m‘??:?f“(’ -0
&ﬁl )ed
394. The diagram below represents the bright-line

spectra of four elements, 4, B, C, and D, and the
spectrum of an unknown gaseous sample.

Unknown
sample

Element A

Element B

Element C

=

Element D

Based on comparisons of these spectra, which two
elements are found in the unknown sample?

A) 4 and B B) 4and D
C) Band D) Cand D

e —

395. How much energy is required to move an electron
in a mercury atom from the ground state to energy

level A?
A) 157eV B) 8 81 eV’
C) 10.38 eV D) 11.95 eV

h=1510 2 @ g
CA S \! V9% e i )
396. The brlght-hne cmission spectrum of an element
can best be explamed by

.—*‘“‘——”\ S
A) electrons. transltlomng bctwecn dlscrctc w
energy levels in the atoms of that element .

B) protons-acting-as both. parncl,es..and.wa\zes

C) electrons-being-located-irrthe macleus

D) -protons beirig dispersed uniformly-throughout
the-atoms of that element




