| Light?'

'The end of the 17th century saw conflicting view on the nature of light.

‘Newton's Corpuscular Theory

Newton proposed that light behaved like a stream of particles. |
 These particles travel in straight lines unless refracting or reflecting.

‘Reflection

normal

'Reflection assumes that as/corpuscles of light |
approaches a reflective surface they experience

'a REPULSIVE FORCE, perpendiculartothe |

“boundary. This force occurs over a very small |
region of space.

iTheverticallcofnponentwil.lDECREASEtUO _ _ \'\l/ T

and then INCREASE in the opposite direction. e e sy,

The horizontal component will be CONSTANT.

: The overallispe:ed of light m.éfill bé CDNSTANT aft:er reﬂectioﬁ, so:the_a ngle of
incidence will equal the angle of reflection.

Refraction

 As light approaches a boundary between two transparent media | | || normal |
the corpuscle experiences a ATTRACTIVE force. This force will act !

'in a small region perpendicular to the boundary, and be directed = ; [ 'r
towards the denser medium. \"'\d’\\ |

bou ndéry | \ | . | attrachve
farce
I st

' The horizontal component (parallel to the boundary)
will be UNAFFECTED.

DENSER

The vertical component (parallel to the normal) will MEDIUM
“increase in the direction of the denser medium.

‘This wil chémgé the path of the cofpuscle TOWARDS THE NORMAL
and the speed will be LARGER in the denser medium.

LIGHT IS A PARTICLE
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' Colours of Light

Newton explained that different colour are just different kinds of corpuscles. When mixed together, they produce
‘white light, but when they REFRACT, they experience slightly different attractive forces, so split into a spectrum.

i Huygen's Wave.Theory

“Huygen's proposed that each point'on a wave of light acted as a secondary source, which produced waves, spreading
out in circles from the original point. The resulting final wave was constructed by superposition.

Reflection according to Huygens

Secondary wave-front from B created by Mirrer
wave-front X

Secondary wave-front from A created
by wave-front X

'The incoming wave X hits the mirrored surface, moving from left to right (along the boundary towards the normal).
This causes secondary wavelets to be produced along the surface of the mirror. Two examples are shown, A and B.
The secondary waves spread out from A and B, and interfere producing a reflected wavefront, the wave from A travels
further than B as it was produced earlier. | I I I I —
The secondary wavefront then produces further wavefronts (based on Huygens theory) as the wave propagates away

from the mirror.

Refraction Incident wave fionts 1

Secondary
wave-front from
A created by
wave-fromt X

Denser Medmm
Direction of
tefracted wie

Secondary wave-front from
B created by wave-front X

Refiarted wave fronts
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“The wave (as in reflection) moves across the boundary producing secondary wavelets.
Parts of these secondary waves produces now travel MORE SLOWLY in the denser medium.

 The refracted wave is found by joining these slowly moving wavelets, giving a wavefront with a ray which appears
ko bend TOWARDS THE NORMAL. |

‘Newton'’s theory clearly indicates that waves should be FASTER in a denser medium, whilst Huygen's proposes |
that waves will SLOW DOWN.

LIGHT IS A WAVE?

iThe Ether |

' There was no example of a wave which could propagate through vacuum. So Huygens invented a medium
called the luminiferous ETHER, through which light could travel to the Sunand Stars.

“The Dominance of Newton|

' Regutakion

'Newton was well regarded, and had several high profile discoveries to his name. He was probably right...

‘Shadows |
When a large opaque object is placed in the path of light, it creates a shadow.
Inwave theory, light should bend around the object, creating no shadow.

Particles can only travel in straight lines, producing a shadow as they cannat traverse the obj ect

Light in a vacuum

There is no evidence for the ether. It was believed that waves required a medium, whilst particles did not.

The speed of light

There was no clear measurement of the speed of light, which made it impossible to determine if light sped up
-or slowed down when refracted. i
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Fvidence for Huygen's

| Young's double slit experiments |
provided early evidence of the
I'wave nature of light

A E
F ------------------------------
B i This led to observations of diffraction,

Isuperposition and|interference, all
| supporting Huygen's theory.

However, the conclusion were poorly|
communicated, sa it took time for

m > h the scientific communlty to support
'- ------------------------------
- B ‘theideasstilll | '

This was later developed by Fresnel, who
| produced a mathematical treatment of
diffraction, and show that diffraction was
only apparent when the wavelength of light
@:}Fﬂt ______________________________ ' was comparable to the magnitude of the |
B | object. [ large objects and short wavelengths
can|cast shows )

In 1850 Foucalt measured the speed of light/in air and water. He found light was SLOWER in water than
in air.
This cemented Huygen's theary over Newton's.

LIGHT ISAWAVE !

The Llll:rawolet Datastrophe .

A black body isa body that emits aII I:he possible wavelengths of radlahon For thc
‘temperature that it’s at

Classical theory predicted that most of the energy would be emlttcd in the U‘u"
rrange, and would be infinite at the|very smallest wavelengths.

| Rayfeigh-Jean Law
i Fd I -
% g—%—;‘ v Observed data show thera is
= a peak at a longer wavelength
H . than expected. and that it appears
Plancks Law ||

at a shorter wavelength as
k]
9“;‘“ T _ho N temperature increases.

L4
eH -1
FREQUENCY This was explained by Max Planck

(decreasing wa'.relenpth]

Planck explain this by modelling light AS A PARTICLE LIGHT IS A PARTICLE?

Light experiences WAVE-PARTICLE DUALITY
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ohtacaparticle
Lightasaparticle | | ~TURNING -

Blackbody Radiation Corves P U | NTS

|y o Visible Light

| Ablackbody is a perfect

| absorber and emitter i = QUANTUM|
N £ el 000 (*C
| of EM radiation. : n-f _ .
In classical wave theory 54 \\\/ —— [
~ therelative intensity | " P - I
~ tends to infinity around °7 o o o o o
~ the UV region of the spectrum. Wanclength fom|

By making a few assumptions, Max Planck was able to model these distributions: |

- The radiation emitted was not continuous.

- The radiation emitted consisted of discrete packets. of energy known as CIU:&NTA
- A black body can only emit integer numbers of each quanta.

' Uuanta of EM rachahon Iater became known as PHDTUNS

—Planck suggested that the energy of these quanta was linked to the frequency of the |tght
emitted.

E - energy of the photon [ J]

E. —t— hf F-frequency of light [Hz1

h - Planck’s constant = 6.63 x 10~ 34J’s _

leV = 1.6 x 1[}_19 J | ReMiNDER
—Planck p—ostulated that photons

- Carry DISCRETE amounts of energy
- When they interact with matter they are absorbed or emitted AS WHOLE QUANTA. |

- _Photoelectricity

—In1902, Phillip Lenard conducted an experiment with visible and ultraviolet light.

-~ He found that when incident on a sheet of metal some of the incident waves could

cause electrons to be emitted. These are known as PHOTOELECTRONS, released
by the PHOTOELECTRIC EFFECT.

The observation made were:

1. Emission of photoelectrons ONLY occur if the frequency was above a minimum value. | _INTENSITY
This became known as the THRESHOLD FREQUENCY. This was dependent on the The energy
type of metal used. incident
2. The emission of photoelectrons happens almost immediately after the metal is on asurface
illuminated. per unit time
3, Above the threshold frequency, the number of photoelectrons emitted per secondis || Per unit area
proportional to thof the incident light (Wom ?

INTENSITY = Number of photons incident per unit area per second X Energy of a single photon
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— 4 The photoelectrons emitted have a range of kinetic energies, from zero up to-a maximum
value.

5/ Above the threshold frequency, the maximum kinetic energy depends on the FREQUENCY
“of the incident light. (but is unaffected by the INTENSITY).

Failure of Wave Theory

— The wave theory of light of light cannot explain the experimental observations of the photo-electric effect.
- According to the wave theory of light, electrons in the metal would absorb energy gradually and continuously,
when the electrons acquire sufficient energy they could overcome the electrostatic attraction of the ions in
~the metal, allowing them to be emitted: |
1. There would be a time delay between the metal being |||Um|nated and photoelectrons being emltted X
there should not be any instantaneous emissions of photoelectrons.

- 2. According to the wave theory of light the intensity of light depends on the amplitude of the light waves. >
3. There would be no threshold frequency as even light of low frequency would eventually

be able to emit photoelectrons, in a reasonable time, provided the amplitude of the light waves
—was high enough. i —— —1— i i i —
4 Increasing the intensity of the light could increase the energy delwered to photoelectrons >< |
increasing the maximum KE of photoelectrons.

: Along came Einstein

~ Linstein assumed that the incident light was composed of a BEAM OF PHOTONS.
When interacting with the metal, each photon could be reflected, or ABSORBED BY A SINGLE ELECTRON.

~ This means that as soons as one electron interacts with one photon (provided that photon had enough

__energy) the electron would be immediately emitted. The kinetic energy of the emitted electron would

depend on the frequency of the photon it has absorbed. And the number of electrons emitted would
depend only on the number of incident photons.

e _
5 E=hf T El—.p,:.am) E=hf
Lo = -
| | ol | ] Ee=hg -t
[ -]
¢ {lower than maximum]
y
electron on l!\] electron in
the surface L the metal
af thie rmctal -
r . ——

& is the WORK FUNCTION, This is the MINIMUM energy required to remove an electron
from the SURFACE OF THE METAL.
Electrons emitted in this way have MAXIMUM KINETIC ENERGY.

hf

?
cp m* %M Vmﬁ!



https://ziteboard.com

| I | TURNING!
The Photoelectric Fffect POINTS
'QUANTUM
ch ) B ey
.=h§—¢) iEu?'h'}-u
E]q:. |, L,/ I — I — | ./ | | lawjer than maximum)_|

ENERGY

electron on | i | | w | electronin |
the surfaca * the metal
of the metal

S T—

& is the WORK FUNCTION, This is the MINIMUM energy required to remove an electron
from the SURFACE OF THEMETAL. = | | I
Electrons emitted in this way have MAXIMUM KINETIC ENERGY.

b§ =+ LMyl

When illuminated by MONOCHROMATIC LIGHT (single frequency) all photons transfer the same
amount of energy when a single photon is absorbed by a single electron.

Electrons can escape the metal if the energy of the photan is sufficiently high, with the excess
being stored as kinetic energy in the liberated electron.

Different electrons within the metal start with different energies. The closer to the surface of the |
metal the electrons are located, the MORE ENERGY they have, This means they require a LOWER
ENERGY to be LIBERATED. | 1] 1 | 1] [

Electrons ON THE SURFACE of the metal require the MINIMUM AMOUNT OF ENERGY tobe |
emitted (this is called the WORK FUNCTION). These electrons will have MAXIMUM KINETIC ENERGY.

Electrons liberated from other parts of the metal may require more energy, leading to a range
of kinetic energies across emitted electrons.

| Experimental Verification of Einstein's Explanation

/[

T | HectrodeY ;| The sheet X is illuminated with monochromatic light.
mmclc_h;imat'c Photoelectrons are emitted with a range of kinetic
8 | ' energies. Some of these photoelectrons travel to
electrode Y, causing a current to flow between X and Y.
Metai sheet X | L _ '_ -_ ' _- BN
A potential difference is applied between Y and X.
This produces and electric field between the plates
and the pd was increased until current dropped to zero.
N\ This means that even the electrons with maximum
\!j kinetic energy were unable to reach Y.
/IL'{ @ This is called the[STOPPING VOLTAGE]
Variable DC supply
W ly the law of conservation of here: ' -
e can apply the law of conservation of energy her EH\I‘.«;—# - evj
LOSSINKE GAININPE

(€= o))
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We can also plot the data in terms of the maximum kinetic energy of the electrons.

rgradient = h. I — l'\j‘ =

e.

o= 9 Ve = [Bls -[£]

X 4

oo™

NERENN

4 - » - |Everyline, from ANY METAL will be PARALLEL.
The gradient of EVERY LINE will be h.

Descuas he combinations of metal and UV light sownce thal could best be used to
demonstrate the idea of threshold frequency and the idea of work function.

al.

The phatoclecinc effect can be demensirated by iluminating a negatively charged plate,

made from cerain metals, with uliraviclet (LU} ight and showang that the plate loses iis

charge.

(a}  Explain why_ when ultrassalet bght is shene on a positively charged plate, no
charge is lost by the plate

- The metal should be kept the sarme and the light source varied.
- Usang any metal, and light sources1and 3, no charge will be losk with Bght souree |

but charge will be kst with light source 3
- Berause light source three has a greaber phobon energy and therefore Frequency

[fram E=hf] and is abawe the threshald frequency (or the phobon energy is greater

The process imvolves the ejection of electrons : req
which are negatively charged. v than the wark function of the metal), whilst light source 1 has a photan energy less
: N than the work function of the metal, so is below the threshald Frequency.
Ar'y. electrons ejected will only make the Ta dernonstrate work Function
pasilive charge grester. o/ - The light source should be kept the sarme, and the metal vared l
- Use: light source 2 as the other bwo will either cause all three metals bo lose their charge
1] or none of the metals Lo lose their charge.
(Bl Threshokd fequency and work function are ot eas in e study of the - Ustle each melal in L.Jrl'1. sullha'_ a_ nr_'.lu:.ES its charge, due o its low work funcbon
pholoalctic afect but copgpier and iren do nol lose their charge
Tablas 1 and 2 summarise the wark hunciana of three matals and phelon energies [{1]
of thiee LIV bght sources
(eh  Calculabs the maximum kinebe anaigy, In J, of the alectrons emilled fom & zinc
Talsle 1 Pl wien lluminabied with ullraicbal Bght
Matal Work i i wark function of zine = 4 3 el
i Troquency of ultraviolet ight = 1.2 « 10% Hz va
e 43 Ett."'"'! = hj. -4 v - (q_ 2w -6".0-”)
=J% - et W02
o 45 =(‘,53¢IC'J o |.2.!:|O
Coppar a7
= L0 x0T (eMews 1)

Talsle 2

maskmum kinslic eneigy J
Lt

Light source | Photon :rumr
o
(d)  Esplain why your answer is & madimum

1 4.0
2 44 Thie werk function is tha menimurm amounk of energy needed to remove the electron from e zine sweface &
3 50 ) )

0OR Max KL corresponding to emission of surface alectrons whist electrons fram

daspar i the metal will be emitted with smaller KE i}
{Fatsl 13 marks}


https://ziteboard.com

Atomic Line Spectra QUANTUM

Bohr Model of the Atom

The simplest atom to understand is HYDROGEN.
Hydrogen consists of a single electron orbiting a nucleus.

The electron is only able to orbit the nucleus at certain DISCRETE distances.
These are known as the ALLOWED ORBITS.

Each orbit represents a different ENERGY STATE of the electrons, so are
represented as ENERGY LEVELS.

An electron (when it absorbs a discrete amount of energy) may be

EXCITED to a higher energy level.

Orit may DE-EXCITE to a lower energy level, emitting a discrete amount

of energy as a PHOTON of EM RADIATION.

nucleus A
_ 0
allowed orbits electron n=4
-0.85 4
151 ne
13139 n=2
3
>_
(&D)]
o
Lol
=
Lol
-13.6 n=l

The orbit with the LOWEST POSSIBLE ENERGY (n =1) is known as the GROUND STATE.
All higher DISCRETE energy levels are known as EXCITED STATES.

A FREE ELECTRON which has been liberated will have at least OeV of energy.
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29/02/24

Atomic Line Spectra QUANTUM
EXCITATION _
e —— | When an electron in a lower DISCRETE energy |evel
-ngs — = =" — .. absorbsenergy, it CAN move up to a higher energy
155 y'S n-3 level.
338 : = ' '
This is known as EXCITATION.
=
f The movement From one |eve| to another is called
el A T aTRANSITION. |
= | |
Electrons can absorb this energy from:
- ADISCRETE photon of EM radiation
~KINETIC ENERGY transferred by a FREE ELECTRON
H3B — 1 | [or other particle)
The energy absorbed must be EXACTLY EQUAL TO
- THE DISCRETE DIFFERENCE BETWEEN THE ENERGY
A= E\-E, = (-1.51)- (-13.6) EVEL
= 12.0%eV

So, a photan incident on the sample would need to have an energy of 12.09 eV to cause this excitation.

3"% = (1206 x 160007 _ 5 5 10 He
| T 4.6% 1O | I — |

A free electron with an initial kinetic energy of 20 eV interacts with the orbital electron, causing it
to transition from n=1to n=3. Use the law of conservation of energy to calculate the final kinetic
“energy of the free electron.

| E = E‘f: + DE | E—zs-l = Ev. -CE
. zwowe
=7aleV

Source of white light
The black lines in the
g — Hydrogen spectrum correspond to
wavelength of light that have

been absorbed by the

Spectrum ~ hydrogen
_Pur Ie 1 - h
400 700 A/ nm

Figure 4: The absorption spectrum of hydrogen

If we illuminate a gas of a particular element with white light twhich is a continuous spectrum of all
visible wavelengths) then we will see BLACK LINES present at DISCRETE FREQUENCIES which have
been absorbed by the gas. This is known as an ABSORPTION SPECTRUM.

These spectra can be used to study the compositions of stars and stellar atmospheres.
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DE-EXCITATION

R e When an electron in an atom has been excited
T 1 Pa— it usually DE-EXCITES.

339 -2

| The electron LOSES ENERGY as it transitions

i to a lower energy level by:

-

[ds]

g - emitting ONE OR MORE photons of EM radiation.
This process happens spontaneously after a short
time.

136

n=>3 AE = ES"Ez
=2

N
| {.886:\[

The energy of the emitted photon is DISCRETE, and is equal to the difference in
energy between the two DISCRETE energy levels. This means the frequency of the
emitted photon is also DISCRETE.

)

£ = (-88x L6xto™) X = 3x10°
b.ox 1O 4.5%10"
= 46! x IO'?""‘
ol nn S0 RED

= £5 %10 'Y Ha
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ENERGY [eV ]

| the orbitals immediately becomes a

| | \_Atomic Line Spectra | |QUANTUM |
[ONISATION

In an IONISATION transition, an electmn with_in

| FREEELECTRON. | | I I Y N L e sl P
b e
- This creates a POSITIVE ION and FREE ELECTRON. =39 ne2
The MINIMUM energy of a free electronis =
defined as 0 eV, =
I ! ! &
| Foripnisation, ANY PHOTON with an energy | LL'Z:
higher than the [ONISATION ENERGY
| can cause this transition.
Excess energy is transferred to the KINETIC ENERGY 136 =

store of the free electron.

| The IONISATION ENERGY is the minimum energy to remove 2n eledtron from the GROUND STATE [n=1).

BE = 0 -(-13.0)
=+ 13 baV

TLUORESCENCE
Fluorescent lights depend on the excitation and de-excitation of electrons, to produce 2 line |

spectrum of light.

An electric current flows through a tube_ Freely moving electrons are accelerated bebween an cathode and
an anode. These electron collide with atoms of a low-pressure inert gas which fill the tube, transferring some
of their kinetic energy to-the orbital electrons in-the gas.exciting them- These electrons then de-excite and
emit photons of UV light

Gas malecule

ANODE

[V photons
[}

j‘.‘i ] | | | visible phatons |

These UV photons|are absorbed by the powder coating the cutside of the tube, exciting electrons within
these atoms. These eleckron de-excite emitting several different, but specific wavelengths of light, leading ko |
avisible line spectrum.

CATHODE

6 817 AE = — 6494 —(-g.98)
I s H>E = 2:0teV

Tt E-s>B = J-EXiO-'.IJ—
0 11.25

"
; w (B4 5= 499 x0Tt
A= 601 nm ORANGE

A {1671 INE = L glag -{-1‘3.0*)

DE = -12.0% - (~163D = 3.06eV

4 b7 eV = 4 an 010

2 7507 5: 7. wx10" M2
112 10" Ha N= qota (VIOLET
Z-éé. N T\}ON-\J[ETIBLE

Ch

k.l
(1
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Wave-Particle Duality QUANTUM

Light.

In order to explain the photoelectric effect, Einstein suggested that light was not just a
wave {as described by classical electromagnetic theory) but also a particle.

Light can undergo reflection, refraction, diffraction and interference like any other wave
and that it has wavelength and frequency. But light can also only be emitted and absorbed
in discrete quanta; like a particle.

These quanta are called photons, and described by:

E = hf h = 6.63 x 10 * Js

So light is said|to be simultaneously a wave and a|particle, it experiences
wave-particle duality.

De Broglie's Hypothesis
In De Broglie suggest that if light can be a particle, so surely, particles can be waves...

He suggested that particles could have a wavelength, and determined that these
electron waves could be described with:

A\ h h=6.63 x 10 Js
B p p = momentum of particle

The wavelength of an electron

An electron is accelerated between two oppaositely - < *
charged electrodes with a pd between them.
Lets begin from conservation of energy: || electron s — —_—— =
L < ¥
Gainin KE = Loss in PE
OR - € L
Loy? = eV < >
V
My = 2eV

Ve
My’ = 2neV Py = (Z'Me‘u)

Nz h e L
P

Hc\;‘) i

A Cexip , for loow
=jeg ¢
(2x 4110 1.6x10 " x 100)

-\o
= |.zx\O wa approximate radius of an atom
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Electron Diffraction

In 1928 experimental evidence supporting De Broglie's idea of electron waves
was published.

Evacuated Tube

Electron beam

Photographic

Cathode (- Anode (+yg) Plat
ate

Electrons were accelerated through a perforated anode before striking
a thin metal foil and diffracting onto a photographic plate.

They produced a series of rings of different intensities arising from interference.
The wavelength of the electrons was consistent with De Broglie's predictions.

The electron, like light is considered to have a wave-particle duality.

Other particles

All particles, even atoms and molecules should be able to exhibit wave-particle
duality. This even applies to macroscopic collections of atoms.

Calculate the De Broglie wavelength of Andrew (82 kg J at a top speed of 8.5m/s

nip o= _Gew0™ o gg077
i Fi= 2.5

It is unlikely that a human being could fit through a gap comparable to their wavelength

In quantum mechanics, theory treats all particle and waves as
PROBABILITY WAVES. They determine the probability of a particle being
found in a given place.
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— — TURNING
Electron Microscopy ~ POINTS.

im 1dm 1em T 100 10pm tpm  100nm  10nm Linm 1X 018
1m 1wrlm 102, 10¥m  104m  107%m  10°€m 107w 108m 109w 10710m 1o0vllm |

Electron microsco

@ “ VOU .

man hand I‘r-ger thickness  cell bactarlum virus  macro  small atom
- height ‘of hair | mole= raole-
cule cule
S —

Transmission Electron f"‘lic'ms'copj,r was devéloped in 1931 as a way of
mcreasmg the resolwng power of iImages beyond that of VISIb|E |
Microscopes.

This involves producing and directing an electron beam onto a target,
using a series of lenses to focus and magnify the image produced.

Eleciron gun

Condensing lens

il Imagﬂetlc field focuses beam on sample
Ines

' S I
Ji| ™ coil windings ampie

Objective lens
field lines s s
[ | magnilies image of sample
Projecting lens
magnifies and focuses 5
transmitted beam on screen

Screen
The Electron Gun™
- Electrons are emitted from the heated filament.
~ s The current in the beam is around 1 microamp
colode (=21 C=— The electrons are accelerated across a high pd
between the anode and cathode.
anode EFF @ ([EzaHT?

Note: above 100kV some relativistic
adjustments will be needed for the mass
of the electron.
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The Magnetic Lenses

~ Electrons passing near the inner edge of the lens
__is deflected towards the axis of the microscope.

Electrons passing through the centre are
undeflected.

- The RESOLUTION of the image can be changed by:
- - Increasing the accelerating potential difference.
- This increases the speed of the electrons.|

- This increases the momentum of the electrons.

- = This DECREASES the wavelength of the electrons.

—— Improving the resolution of the image:

Limitations

- The sample needs to be very thinly sliced. =
- The sample needs to be studied in a vacuum.
- The sample can be damaged by the
passage of the electrons.
- There will be a range of speeds in the electron
- beam which limits resolution as the radius of
curvature of an electron in a magnetic field|
depends on its speed.

STM.

A Scanning Tunnelling Microscope
~ studies the structure of a surface using |
~ atip which scans the surface of a material. |

Electrons behaving like waves are
able to cross the gap between the

- tip and the sample, despite not havmg
~ sufficient energy todoso.

Tunnelling
F ‘—' - -
Flecirons | SOOI

This is called QUANTUM TUNNELLING.

The size of the current depends on the distance between the tip and the sample.
The bigger the distance, the smaller the current.

There are two different modes.
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. constant N tunneling
current

o path of tip -

Constant Current Mode Constant Height Mode
= The tip is moved up and down as scans across the sample. ~——+—+ Tip travels across the sample in a horizontal plane.
* This keep the current between the tip and the sample constant. * The current changes depending on the distance to the sample.
~+ The tip stays a constant height above the sample, to within 102 m . |+ The current is measured as the tip scans across the sample
_* The position of the tip is recorded and the used to build up an image of | * The current is used to construct and image of the surface
the sample. * This mode is used when the distance between gaps is small and the

microscope needs to respond to rapid changes in profile
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