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Content Guidance

Electron microscopes
Following de Broglie’s hypothesis and the work of Davisson and Germer, physicists
then started to use the wave properties of electrons to develop electron microscopes
and in 1933 Ernst Ruska produced the first working electron microscope. Electron
microscopes have a distinct advantage over light microscopes because the wavelength
of the electron ‘wavicles’ is much lower than the wavelength of visible light and, as
such, increases the resolving power of the microscope allowing much smaller objects
to be imaged. The accelerating voltage, V, of the electrons required to produce a
wavelength, λ, and hence image objects with a size similar to λ, can be determined by:

λ=

An electron microscope
is a device for imaging
microscopic objects
at resolutions greater
than a light microscope
by using the wave–
particle duality of a
beam of electrons

h
h2
⇒V =
2meV
2meλ 2

pl
e

There are two main types of electron microscope — transmission electron
microscopes (TEM) and scanning tunnelling microscopes (STM).

In a TEM, a beam of electrons is produced by an electron gun and the beam is
focused onto a thin target sample using magnets. The electron waves are scattered
by the sample and then refocused by two further magnetic ‘lenses’, and a magnified
image forms on a fluorescent screen or an electronic detector. The basic principle of a
TEM is shown in Figure 28.

State how electrons are
focused in a TEM

50–100 kV

sa
m

Electron gun
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Figure 28 A transmission electron microscope

STMs work in a slightly different way. They use a very fine-tipped needle probe,
which moves across, or scans, a small surface area of a specimen, as shown in
Figure 29.
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Figure 29 A scanning tunnelling electron microscope
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The slightly positively charged needle probe tip is held very close to the surface of the
specimen (typically no more than 1 nm above the surface) by a series of piezoelectric
transducers. At this short distance, electrons can ‘tunnel’ across the gap causing a
tunnelling current to flow. The tunnelling current changes as the tip moves up and
down relative to the surface, increasing as it gets closer to the surface and decreasing
as it moves further away.
STMs are used in two different ways:
Constant current mode — the tunnelling current is kept constant and the
needle-tip is moved up and down relative to the surface. The distance moved by
the tip is mapped by the machine.
■■ Constant height mode — the distance between the needle tip and the surface
is kept constant and the machine maps the tunnelling current that is related to the
distance of the tip to the surface.
■■

crystal of a material
that changes its shape
when a potential
difference is applied
across it The amount
of deformation of the
crystal depends on the
size of the potential
difference across it

Knowledge check 37
How is the surface
of a sample mapped
by a STM in constant
current mode?

Summary
■■

■■

Newton’s corpuscular theory of light considered
light to behave as a stream of particles, contrary
to Huygens’ wave theory Both theories can explain
reflection and refraction, but Huygens’ theory
required light to move through a medium that he
called the æther, which could not be observed, so
Newton’s theory was preferred at the time
Young’s double slit experiment is illustrated
in Figure 24 The fringes observed during this
experiment showed that the light was undergoing
diffraction and interference and so behaving
as a wave

■■

■■

Huygens’ wave theory of light was accepted as
an explanation of the nature of light as a result of
Young’s double slit experiment
Electromagnetic radiation propagates as a
wave of oscillating electric fields and magnetic
fields at right angles to each other, as shown in
Figure 25

➜
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Questions & Answers
(ii) Use Einstein’s photoelectric equation hf = φ + Ekmax to explain the shape of
your graph.
(c) The photocell in Figure 1 was illuminated with purple light of wavelength
418 nm. A student measured the stopping potential to be 1.92 V. Use these
data to calculate the work function of the metal surface. You must give a
suitable unit in your answer.

(3 marks)

(4 marks)

Answer
(a) The emitted (photo) electrons have a range of speeds. ✓
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The (electrostatic) force acting on the photoelectrons emitted from the
surface increases (or the pull/attraction on the photoelectrons from the
surface increases). ✓
The microammeter indicates the current due to photoelectrons reaching
electrode X (which then move round the circuit). ✓

(The current indicated on the microammeter decreases because) the
photoelectrons are unable to reach X because of the increased force (or they
do not have enough kinetic energy or there is too much work needed). ✓

e
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(A/B grade) There is an alternative answer for the last point — the current
indicated by the microammeter decreases because fewer photoelectrons can
reach electrode X as the PD increases.
(b) (i) The graph should be a straight line with a positive gradient. ✓
There should be an intercept on the positive x-axis (or the negative
y-axis if drawn). ✓

e

(C grade) You must have the first point in order to get the second point.

(b) (ii) Ekmax = eVs ✓
Therefore eVs = hf − φ, where hf is the energy of the incident photon and
φ is the work function of the metal. ✓
A graph of Vs against f will be a straight line with a gradient equal
to h/e. ✓
The x-intercept of the graph will be equal to φ/h (or the y-intercept will
be equal to −φ/e). ✓

hf φ
− where φ
e e
is the work function of the metal. This is the equation for a straight line
(or y = mx + c) graph. You can get the final 2 marks if the answers are shown
clearly on the graph.

e
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(A/B grade) There is an alternative for the second mark. Vs =
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Test paper 2: Turning points in physics

(c) hf =

663 × 10−34 Js × 30 × 108 ms−1
418 × 10−9 m

= 476 × 10−19 ✓

Ekmax = eVs = 16 × 10−19 C × 192 V = 307 × 10−19 J ✓

(

φ = hf − Ekmax = ( 476 × 10−19 − 307 × 10−19 ) J = 169 × 10−19 ✓ J ✓ or 106 eV

)

e (A/B grade) For the first 2 marks you could have just the numbers substituted
into the (correct) equation. If your answer is given in J you could have 1.7, 1.70 or
1.66 (due to rounding) or if your answer is in eV you could have 1.1 or 1.04 (again
due to rounding).
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Question 2

(a) In Einstein’s theory of special relativity, one of the postulates is that the laws
of physics are the same in all inertial frames of reference. Explain in terms
of velocity what is meant by an ‘inertial frame of reference’.

(1 mark)

(b) Light from the star Proxima Centauri takes 4.3 years to reach the Earth.
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(i) As measured by an observer on Earth, a spacecraft is to be sent from
Earth to Proxima Centauri arriving after a trip time of 5.0 years. Calculate
the speed (in m s−1) of the spacecraft for this journey assuming that its
velocity is constant for the whole journey.
(ii) Calculate the trip time for this journey in years as measured by a clock on
the spacecraft.

(1 mark)

(3 marks)

Answer

(a) (A frame of reference that is) moving at a constant velocity. ✓

e (C grade) You could also say that it is a frame of reference that is not
accelerating.
(b) (i) The distance travelled by the light is 4.3 light years, which is equal to
4.3 × c = 4.1 × 1016 m.
The speed of the spacecraft is then given by:
v = 4.3 × c/5 = 0.86c = 2.6 × 10 8 m s−1 ✓

e

(A/B grade) A value of 2.58 × 108 is correct (due to rounding).

(b) (ii) t =

t0
1−

v2

where t = 5.0 years (or 1.58 × 108 s) and v = 0.86c

c2
(or 2.58 × 10 8 m s−1) ✓
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