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The correct answer is B because:

» Energylevels n=4,n=5, and n= 6 exist above the energylevel n=3in

the hydrogen atom
Each of these energy levels provide transitions for excited electrons
down to the n=2 energy level
o Hence, these levels contribute to the visible light spectrum for
hydrogen
By inspection, the photon emitted during an electron transition
fromn=4,5o0ré6downto n=2willhave a greater frequency thanthe
photon emitted during an electron transitionfromn=3ton=2
o Thisis because the energy gap is larger for such transitions
o Therefore, since the energy of photons emitted £= hAf thenlarger
energy transitions produce photons with a greater frequency
Since the speed of each photon cisrelated to its frequency fby the
speed equation c = fA, then:
o Photons with larger frequency must have a shorter wavelength
o Hence, each of the photons emitted during transitions from n= 4,
5, or 6 to n=2 have ashorter wavelength than that emitted from n
=3t0n=2
This is shown below:
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» Hence, each of the additional spectral lines corresponding to visible
light must have a shorter wavelength thanthe line corresponding to
the transitionfromn=3ton=2

o This eliminates optionsCandD
o The size of the gaps between energy levels gets smalleras n
increases
o Therefore, the correct answeris B
Aisincorrect as the spectral lines according to transitions to n=2, fromn
=4,5and 6, are equally spaced. Energy level gaps should decrease as n
increases. Hence, spectrallines should be closer together for shorter
wavelengths (higher frequency photon emission).

Cisincorrect as allthree spectral lines according to transitionsto n=2,
fromn=4,5and 6, are shown as having a larger wavelength than the
transition n= 3 to n= 2. This cannot be true: the photons emitted due to
transitions from higher energy levels have a greater energy, greater
frequency, and hence shorter wavelengths:

Disincorrect as one of the spectrallinesis shown as having a longer
wavelength than the transition n=3 to n=2. This cannot be true: the
photons emitted due to transitions from any of the higher energy levels
must have a greater energy, greater frequency, and hence shorter
wavelengths.
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The correct answeris C because:

» The density of nucleiis a constant value becauseitis independent of
the radius and the mass
o Therefore, allthe otherratios areincorrect and only C canbe the
right answer
How long did you spend solving this question? Some concepts in Physics
can feel surprising, such as the fact that all nuclei have the same density.

This can be proven by calculation, which shows that the nuclear density,

3u
' o 3
4HRD

. where vis the atomic mass unit (a constant value), and

R,is the constant of proportionality.

For more help visit our website www.exampaperspractice.co.uk

Page 2


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

Ea]

Exam Papers Practice

However many nuclides a nucleus contains, they always pack together
with the same density, so nuclei with more nuclides are simply larger!
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The correct answeris B because:

e Mosta-particles pass through the gold foil without deflection. This is
because:
o The emptyspaceinanatomhas aradius 10 000 times larger than
the radius of the nucleus
o Therefore, the nucleusis only a tiny fraction of the 'target’ atom
o Most alpha particles travel through the gold atom with no, oronly
a small amount of, deflection
o The charge onthe nucleus causes this deflection
e Averysmall number of alpha particles were deflected by alarge
angle. Thisis because:
o Theratio of the size of the nucleus to the size of the atomis
inferred from this experiment
o Theratio of large angle deflections to total particles fired is
directly related to the size ratio
Aisincorrect as the statements refer to atoms being small rather than
nuclei, but it is the charge on the nucleus that causes the deflection.
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Cisincorrect as the small positive charges on the nucleus and the alpha
particle cause the deflection. Although the charges are small they are
both positive and so repel each other.

Disincorrect as the small positive charges on the nucleus and the alpha
particle cause the deflection. Although the charges are small if the a-
particle is moving directly, or nearly directly, towards the nucleus then the
deflection will be directly, or nearly directly, away fromit. Thisis large-
angle deflection.
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The correct answeris C because

¢ The question asks forthe best estimate of nuclearradius

* [Twomethods are well-understood: Electron diffraction, and closest
approach of alpha-particles to the nuclei of metals (Rutherford's
original experiment)

¢ Electrondiffractionis themost accurate method because:
o It gives adirect measurement of the radius of a nucleus
o Electronsare leptons and so do notinteract withnucleonsinthe
nucleus through the strong nuclear force
¢ The method using closest approach will always overestimate nuclear
radius for severalreasons:
o Itmeasures the nearest distance the alpha particle can get to the
gold nucleus, not the radius of it
o Alpha particles are hadrons which are affected by the strong
nuclearforce as they approach the nucleus, which changes their
motion
o The goldnucleus willrecoil as the alpha particle approaches

Aisincorrect because this method can be used but is not the most
precise choice, for the reasons outlined above.

Bisincorrect because the emission of photoelectrons provides evidence
for the particle-like behaviour of light.
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Disincorrect because ionisation by alpha-particles occurs due to the
momentum of the particles and so may be indirectly linked to their radii
but does not help in estimating the size of the particle.

The carrect answeris A because:

e Thewavelength of each emitted photonis linked to a discrete energy

change according to the following equation:
he
o AE= I
e The electron transition with the largest energy change corresponds
to the shortest wavelength of the emitted photon
o If the overallvalue of the fraction(AE)is|arger, the denominator
of the fraction(4) must be small
e Thetransitionbetweenn=4andn =1gives the largest energy change

which corresponds to the shortest wavelength

n=4 /\
n=3
n=2

Ernergy
n=1

Bisincorrect as thisis the largest transition between consecutive energy
levels, but transitions across multiple energy levels are possible, and
several of these have alarger energy difference than the transition fromn
=2ton=1.

Cisincorrect asnot only is this transition the smallest energy difference,
but n=3ton=4Iisanexcitation process. Thisinvolves the absorptionof a
photon, not the emission of one.
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Disincorrect as this transition has the smallest energy change, which
would result in the emission of a photon with the largest wavelength of all
the transitions shown.

Confusionin questions like these can often arise from assuming that a
large energy means a large wavelength. Itis often helpful to consider
more familiar forms of electromagnetic radiation to remind yourself of the
inverse proportionality between energy and wavelength.

Remember:

» Gamma rays transfer alarge amount of energy, and they have a very
short wavelength

» Radio waves transfer a small amount of energy, and they have the
longest wavelength

The correct answeris B because:

» The difference between the higher energy levelsis 3.40 - 0.85=2.55,
so the energies given must represent a transition from the lowest
energy level, n=1

» No transition fromn=1hasan energy difference of exactly 12.29 eV

» Inaddition, 12.29 eVisless thanl3.6 eV, s0itis notalarge enough
energy to completely ionise the electron

o Therefore, this photon would not be absorbed

Aisincorrect as this is the exact energy difference betweenn=1ton=2,
13.6-3.4=10.2 eV, s0 this photonwill cause an excitation.

Cisincorrect as this is the exact energy difference betweenn=1andn=
4,13.6-0.85=12.75¢eV, so this photon will cause an excitation.

Disincorrect asl5 eV may not match a specific transition, but sinceitis
more than 13.6 eV, this energy is enough to cause complete ionisation of
the electron.

An atom will only absorb aphotonif it has exactly the right energy to
match a transition between discrete energy levels.
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The only exception to this is ionisation. If aphoton’s energy is equal to or
more than an atom’sionisation energy (13.6 eVin this case), anelectron
will be completely removed. Any excess energy from the photon will

result in the electron having kinetic energy.

I\
/N Used for kinetic energy

T

Energy (V)

L
w
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The correct answeris D because:

» Photon energyis equal to the difference betweentwoenergy levels

of atransition: AE= hf= T

e This meansthat AEis directly proportional to fand inversely

proportionalto A, i.e. AE o f « 7

o Thelargest energy gap represents the largest energy difference,
the highest frequency and the shortest wavelength

o The smallest energy gap represents the smallest energy
difference, the lowest frequency and the longest wavelength
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e This meansthat
o EE:»E2 :»E1 }Ei >E4
e f. =l Bl B Bl

o ‘14}‘15}‘11}32}’13
Aisincorrect as the Es and E; are the wrong way around

B isincorrect as this is the wrong way around, f4 is the smallest frequency
and f5 is the largest frequency since fis proportional to the difference

between the energy levels

Cisincorrect as this is the wrong way around, A4 has the largest
wavelength and Az is the smallest wavelength since Ais inversely
proportional to the difference between the energy levels
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