PH 1130 Introduction to Modern Physics

Practice Problem Set #4: Atoms and Photons I

1. With what mass of nitrogen would 1 g of hydrogen combine to form ammonia, NH3?
(All you need to know is the ratio of the masses of the atoms involved.)

2. Make a Table showing all the stable isotopes for hydrogen, oxygen, and aluminum.
Include their percent abundance. You will such information in most chemistry or modern

physics textbooks.

3. The mass of a carbon-12 atom is 1.9926465x1072® kg (with an uncertainty of 2 in the last
digit). 2Calculate the value of the atomic mass unit to six significant figures in kg and in
MeV/c”.

4. What is the mass (correct to the nearest atomic mass unit u) of the following molecules:
(a) water, H,0; (b) laughing gas, N,O; (c) ozone, O3; (d) glucose, C¢H1206; (€) ammonia,
NHj3; (f) limestone, CaCOs.

5. What is the total charge of 1 mole of CI” ions? (The CI” ion is a chlorine atom that has
acquired one extra electron.) This important quantity is called the faraday, and is easily
measured. Knowing the electron charge and the faraday allows Avogadro’s number to be
calculated.

6. Given that visible light has 400 < A < 700 nm range, what is the range of energies of
visible photons (in eV)? Ultraviolet (UV) radiation has wavelengths shorter than visible,
while infrared (IR) wavelengths are longer than visible. What can you say about the energies
of UV and IR photons?

7. (a) X-rays are electromagnetic radiation with wavelengths much shorter than visible — on
the order of 1 nm or less. What are the energies of x-ray photons? (b) Electromagnetic
waves with wavelengths even shorter than x-rays are called y-rays (gamma rays) are are
produced in many nuclear processes. A typical y-ray wavelength is 107 nm (or 100 fm);
what is the corresponding photon energy? Given your answer in keV or MeV where
appropriate.

8. Microwaves (as used in microwave ovens, telephone transmissions, etc.) are
electromagnetic waves with a wavelength on the order of 1 cm. What is the energy of a
typical microwave photon in eV?

9. Itis found that the radius R of any nucleus is given approximatcly by R = Rod'™, where 4
is the mass number of the nucleus and R is a constant whose value depends a little on how R
is defined, but is about Ry = 1.1 fm. (a) What are the radii of the nuclei of helium, carbon,



iron, lead, and lawrencium? (b) How does the volume of a nucleus (assumed to be spherical)
depend on 4? What does your answer imply about the average density of the nuclei?

10. (a) Calculate the mass of the *He nucleus to four decimal places in atomic mass units by
subtracting the mass of two electrons from that of a neutral *He atom. (b) The procedure
suggested in part (a) is theoretically incorrect because the binding energy of the electrons has
been ignored. Given that the binding energy of both electrons (the energy needed to pull
both from the helium atom) is 80 eV, is the correct answer bigger or smaller than that given
by part (a) and by how much? How many significant figures are needed to see this effect?

11. A lightbulb that is rated at 60 W actually produces only about 3 W of visible light, most
of the rest of the energy being heat. (a) About how many visible photons does such a
lightbulb produce each second? Use the average wavelength of A = 550 nm. (b) If a person
looks at such a lightbulb from about 10 ft away, about how many visible photons enter the
eye per second? When looking at a bright light, the pupil has a diameter of about 1 mm. (c)
By how many powers of 10 does this exceed the minimum detectable intensity of about 100
photons entering the eye per second?

12. The work function for tungsten is ¢ = 4.6 V. (a) If light is incident on tungsten, find the
critical frequency fp, below which no electrons will be ejected, and the corresponding
wavelength Ao. Using the energy balance relationship between KE of electron, incoming
photon energy, and workfunction, if tungsten is irradiated with light of (b) A =200 nm, and
(c) 300 nm, find the maximum KE of the electron.



Solukicas ¥4

= WEECY.)

1) qiven  Laq o ‘W 5 Whwotr woss of ™™ needed Ao

x-orm Oornenonio. (N\-\:;)

';N-V Z‘-'-"q—"'\dA'B\‘-\
W Z=1 and A=\

Wi ® B\ w

N, = AN+ 3R = 1MW)+ 300 W) = Tw

3o,

17

. = N T A
oM T Mg T My

2 ) Element Aomic #
k«adrogw () i
helium (He.) 2

oxygen (0) %

cluminum ‘CAI) 13

‘N Qampo\se$ ‘é"ér' NH.;

’N Cbm?ri_ses !-‘-l-— of NH=3

Muy, = 1% My = 5:6% g
J
Tsstopes (7o)

‘H(99.985) 2U (0.015)

SH,& (o‘oooQ 4ne (ﬁ‘t.‘l‘t‘!‘i)

"0 (12.762) F0(0.038) ‘0 (o.200)
%A1 (100)



()
~
o
~
T
3
1

1,92 2648 *10°° wq

2%
= 1. 6LO5Y 10 kg = Q32,888 MVt
2(tu) * 1(lew) = 18u

2 2(Adu) * V() = AHy

Oy = 3(0) = 3(leu) =

= 4% w
Coh, 0, = G() + 12(1) + (o)
> e(1zw) + 1201wy * e u) = 180w
NH, = 1IN+ 3R = 1(dw) «30a) = 1tu
Q&Q,Ob'z 1Co *\C + 30 =

t(%u,\ (2 u) + 3(ew)

o0 w

[}

; - - -\q
5 3 ""““’%" F Lede & CV len X e = \,u,*\u\ C

“ 11 L} ;
= NgX Lelx18 L = 2.84¢52¢10 C = 10 C



6) visible \15\\;\- L4oo ¢ A< 160 am : E = hs = \2.9
A
£ = \l&_ = 1240 &N-am = 3.1 eV
1 KO0 am
EY = ik = 1240 eNcam = 4,8 eV
X T8 am

UV light has shorter A Hhan wisible * A< A,  Ey >E,
IR

\ight  Vas \ocager A ‘hnan visible * Aa> A, E..< Ey

?)“)'Xx—m"\" O lem ! € T 1240 eX- am

RePouy = \2.:“09 eV = 124 ke

O\ nn
-4
) 13. %2 10 nm (or (0O L)

E% ~ 240 e am =

q ¥
= 240 x10 eV 1.240 ¥ Lo <V
\b.* awn

\2.14 “G_\l

I

8 ) 2.;,‘ 1 em (-)-,pical wweieng% sk microwave mAic..-l-icn>

-2 '
2»3 0 m =2 10 pnm ";'-2 1240 eN-nm = 1,24 x:ome.v'

1077 nm

£,= 12,9 Gev



codius o vucdews = R=RAZ R ¥ 11gm
) thelum : A=Y Rue= LH4L fm
Cotoon = A= 12 R, =2 2,518 tm
wean  + A= 56 Ree = H.208 Fm
feod = AT 208 Ry ° 651 Bm
Qoweencom® AT 20 R T F.0%L G
b) N ‘,“5“'9“3 - %’“_LROAV,Y = %“-Q: A < A Vaear
dependence
e Volume Qees as A omd wasy A
$Pnea g.-. MOsS

= consvant (nw:.\tus 2 wriberm éﬁnsikh
Neolovwal

10) e

-a%
6) nechal ‘e abom = 40026 w = b.LHB3Z¥10 kg

-3 - ~30
m, = .11 %10 k.3 Zmgs = 1.822 %10

kq

"He audeus

(bt x 5" - 1822 x16%°) kg
.46 x 1677 kg

1]

= 4.0013 w

b) B =80el (binding energy cb26) : Am:= 'c% = 80 %&



®

-8
Am = BO eV = R8.59 210 w ( fu = 931.6 MeY = 9305 x10° e
‘E:z Cz c& /

Coccect mass in part @) aoud be Swmoller b Awm.
* need ok \esst B significant Siguees .

IETD

GO W Actod Power | 3W o+ isibe \’\%\dr powser
(w;e. A% 550 nm)

a) # of phm“bns per sec. = N;, = phohon Pomer'/ enec%tf)c& 1 proten

N;=I/E\. = (3w3/(\n_¢,/2) / leons' T /eN

8
= [(3\“\(5‘56‘““) }6,25:;0'3&! = 8.321“.0‘ Q\:_o_\:!

/1240 eV -nm J f
b> c\.ens'&g A Q\nu\'bw& = N‘V = fg = N\;
A e

A cen Cg-?u.?v.\: wel = T_T_'_'dz = a
“

t 1
Y X pkgl_zns Jhew P“(’ﬂ = N = ? o = ”vl L o L 5;..

2
d=1mm = 0.1l am k N‘: 5.6 &lo‘ Ph_p-lms/m
R= 1f+ = 30.48 om




c) mia. detectable mknx#b ¥ 100 phohsns/sec

12 -]
N esceeds Hus by 16 /)2 = 10 Le. 1D erdems de
v\\anén’u\-\sée_-

“:.‘-u\%s*g\\ Laac gunc,\-?.bn = SA = N.b eV
a,) me = hp - ¢ P erbicol Qre%. = g‘; ( A, = c/ghw

when ne & are e—;\‘e,c.*ed <. h& = ¢ (K'w -‘-0)

- - s s
-Fc = _EE_ = 4.b eV = L1 %10 s‘ = Lu x;o‘ Hz,
Aayd x16'%ev. 5 = |1t MOB THz
. ( 1110 THz)
_ - -
A,z S = dxw0 MA oz 2.9x0 m = 0.27 um
£ Lt k" s

5) KW = hf’ -¢ = he -¢ = 1240 eN-am  —~ dibeV

) 260 nm

= {.b eN

c) Koo = 1240 e¥-nm - Hb o8 = -0.4%F e

300 am

lnce  WineMe enesgy c.c».nno'\" ‘oo neqoMive — NO e ase e:\,eb\té




