36.

40.

Strategy The energy of a photon of EM radiation with frequency fis E = hf. The frequency and wavelength are
related by A f =c.

Solution

(a) Calculate the wavelength of a photon with energy 3.1 eV.

he hc 1240 eV -nm
E=hf=— s0A=—=———=|400nm |.
f = T oy

(b) Calculate the frequency of a photon with energy 3.1 eV.

8
f=£— 3.00x10° m/s _75%10" 1z

A 400x10° m

(a) Strategy The threshold wavelength is Ay = 288 nm. The threshold wavelength is related to the threshold
frequency by A fy = c. The work function is given by Eq. (27-8).

Solution Find the work function.

(b) Strategy Use Einstein’s photoelectric equation.

Solution Calculate the maximum kinetic energy.

he 1240 eV -nm
K =hf -p=—-p=————-4306eV =|4.6 eV
max f -9 A ¢ 140 nm

Strategy The amount of energy required to cause a transition from the ground state to the n = 4 state is equal to
the difference in the energy between the two states. The energy for a hydrogen atom in the nth stationary state is

given by E, = (-13.6 eV)/n?.

Solution The energy of a hydrogen atom in the n = 4 state is

Ej=—=—"—"—=-0.850¢V.
The energy that must be supplied is £, — E; = -0.850 eV - (-13.6 eV) =|12.8 eV |.

Strategy The minimum energy for an ionized atom is Ejy i 04 =

0. Use Eq. (27-24).
Solution The energy needed to ionize a hydrogen atom initially in the n = 2 state is

FE; -13.6 eV
E = Eionized = £2 = Eionized _2_21 =0- (T) =13.40¢eV |

Strategy Find the de Broglie wavelength using Eq. (28-1). Compare the result to the size of a proton.

Solution
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34
A=£=L= 6.6i6x10 Jz 3x1027 m
p mv  (1.0x107" kg)(2x10™> m/s)
=27
The ratio of the size of A to a proton is 3><10—15m =3x10712,
I1x107° m

The size of [the wavelength is about 3 x 10™'2 times the size of a proton)|.

3. Strategy Set the de Broglie wavelength of the student equal to the width of the door and use p = mv. Then
use Ax = vAt to find the time it would take the student to walk through the doorway.

Solution

(a) Find the speed required for the student to exhibit diffraction.

34 7.
A=ﬁ=i’ sov=i_w_ 1.0x1073° m/s |.

p my mh (81 kg)(0.81 m) -

. . Ax 0.12 1
(b) At this speed, it would take the student Af = — = o il

x =|3.8x10%° yr | to walk
v 1.0x107¥ m/s 3.156x107 s

through the doorway.

5.Strategy The electron’s kinetic energy is small compared to its rest energy, so the electron is nonrelativistic and we

1
2

the wavelength of the photon using E = hc/A.

canusep =mvand K = mv? to find the momentum. Find the de Broglie wavelength using Eq. (28-1) and

Solution First solve for p in terms of K.

K=lmv2, SOV = &
2 m

The momentum is then p = mv = m, fﬁ =+/2Km.
m

Find the de Broglie wavelength of the electron.

The wavelength of a photon is A, = % Compute the ratio of the wavelengths.
p

A h\2Kkm  E, (0.100x10% eV)(1.602x107" J/eV)

b he/E,  c2Km (3.00x10° m/s)\/2(0.100x103 eV)(1.602x10™" 1/eV)(9.109x107! kg)

4.Strategy The nucleon number 4 is the sum of the total number of protons Z and neutrons N. Use the Periodic Table of
the elements to identify the element.

Solution Identify the element.

Z = # of protons = 38; the element is Sr.
N =# of neutrons = 50

Find the nucleon number.
A=7Z+N=38+50=88

So, the symbol is ggSr .
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21.Strategy In beta-minus decay, the atomic number Z increases by 1 while the mass number 4 remains constant. Use
Eq. (29-11).

Solution
For the parent ng) Z =19, so the daughter nuclide will have Z = 19 + 1 = 20, which is the element Ca. The

symbol for the daughter is §8Ca .

33.Strategy The activity is reduced by a factor of two for each half-life. Use Eqgs. (29-18), (29-20), and (29-22) to find
the initial number of nuclei and the probability of decay per second.

Solution

(a) Find the number of half-lives.

600.0 s =— 29005 3000 halflives

200.0 s/half-life
3.000 1
The activity after 3.000 half-lives willbe R =| — xRy =
2 8.000

x80,000.0 s~! =[10,000 7" |.

(b) Find the initial number of nuclei.

Ny = lRO TRy = Rolira _ g0 000.0 571 x 22005 _T5 308107
A In2 In2
(¢) The probability per second is A = 1 = In2 = _In2 =13.466x1073 57! |.

T Ti/z 200.0s

36.Strategy The activity as a function of time is given by R = Roe_t/ T. Use Eq. (29-22) to find the time constant.

Solution Find the number of days for the activity to decrease to 2.5x 100 Bg.

6
eI =£, so —L=lni ort=—rln£=—8'0dxln 2.5x108 Bq _ .
RO T RO R() In2 6.4x10 Bq

46.(a) Strategy The absorbed dose of ionizing radiation is the amount of radiation energy absorbed per unit mass of
tissue. The number of photons that must be absorbed is equal to the total energy absorbed divided by the
energy per photon.

Solution Calculate the energy absorbed.

enerey (£) _ ibsorbed dose

mass (m)
E = m(absorbed dose) = 0.30 kgx2000.0 Gy = 600 J

Calculate the number of photons.

6 J- 1eV

00 -
# of photons = total energy (£) = 160210775 _|37,10!6 photons

energy per photon  100.0x10* eV/photon
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(b) Strategy Use Eq. (14-4).

Solution Find the temperature increase.

0] 600J S
=mcAT, so AT === =(0.48°C|.
Q 0.30 kgx 4186 J/(kg-K)

mc

70.(a) Strategy Use the percent abundance of potassium-40 in the potassium in the broccoli and the atomic masses to
find the mass of the potassium-40 in the broccoli. The number of nuclei is related to the mass by

N =mN, /M, where N, is Avogadro’s number and M is the molar mass.

Solution Find the mass of potassium-40.
My _ NagMao/Na _ Ny Mo

= , SO
m NM/N N M
Ny M
myy = —20 5 40 1y - (0.000117)w(0.000 30kg) =[3.6x1078 kg |.
N M 39.0983

(b) Strategy The activity is related to the number of nuclei N and the time constantt by R = N/7. The number
of nuclei is related to the mass by N = mN /M , where N, is Avogadro’s number and M is the molar mass.

The time constant is related to the half-life by Tl/z =7ln2.

Solution Compute the activity.
R N _mNy n2 (3.6x107> 2)(6.022x10%* mol™!)In2 _
T MTy,  (39.9639987 g/mol)(1.248x10° yr)(3.156x107 s/yr)

9.5 Bq
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