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Introductory Business Economics

1. (a) Consider the market for Butter. Use the supply and demand curves to represent
and explain changes in the market equilibrium following,

(i) A decrease in the price of margarine
(ii} An decrease in the price of milk
(iii} An increase in consumer income

(iv) The introduction of a new and efficient technology in butter production.

[5]

The supply curve is upward sloping, and the demand curve is downward sloping. It is
important to make a distinction between the movement along the demand or supply curve
and the shifts of the demand or supply curve.

i- An increase in the demand for margarine and a DECREASE in the demand for
butter leading the demand curve for butter to shift left.

ii- This has an impact the cost of producing butter which might lead to an increase
in demand. But also this would increase the supply of milk. Both supply and de-
mand curves shift to the right.

iii-  Increases the demand — demand curve shifts right.

iv- Increases the supply of butter.

(b) With reference to market structure

{i) Define a monopolist firm and the market characteristics

(ii)  Explain the different types of entry barriers and show and analyse diagrammati-
cally the market equilibrium.
(10]

* A monopoly is the sole supplier (and potential supplier) of a particular good or service

=> the firm is the market (since there is only one firm) and the SR and the LR are the
same (since no entry into the industry is possible...)

* Characteristics:
— No close substitutes
~ Barriers to entry into the market

* Structural (or Innocent Barriers) - due to differences in costs



* Statutory barriers — entry barriers given force of law (National Lottery or television
and radio broadcasting licences)

» Strategic barriers

- designed to block potential entrants from entering a market (making the
market ‘less contestable’)

~ [0 protect the monopoly power of incumbent and therefore maintain
supernormal profits

Monopoly: Market Equilibrium
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* Patents

* Vertical Integration

* Predatory Pricing

* Adpvertising and Marketing

* Brand Development

(c) What is the Circular flow of income in macroeconomic analysis? Explain and analyse the
impact of the leakages and injections on the flow.
[10]

* Ignoring government spending and transactions with foreigners, the transactions
between firms and households may be summarised as foliows:

* Households own and supply factors of production to firms, receive income in return
for these factors, and spend income on goods and services.



Firms use factors of production supplied by households to produce goods and
services, pay households for these factors, and sell £g0ods and services to households.

The Circular Flow - 2

The et loop shows the flow of reat resources Houselolds
supply the setvices of factors of produchion 1o hirms who use
those Kuctors to praduce goods and servicas for households
The cuter loop shows the cottesponging fionw of poayrmerite
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2. (a) Consider a market structure where there is an oligopoly.

(i) Explain the different models of oligopoly.
(i)  Show diagrammatically and explain the profit maximization output.
[5]

Imperfectly competitive markets fall between the extremes of perfect competition
and pure monopoly. Imperfect competition is a more realistic market structure but
the analysis is more complicated, There is no single model of an imperfectly
competitive market. A major source of complication is the Jact that imperfectly
competitive markets often involve strategic or interdependent decision-making by
firms, especially when there are relatively few Jirms in a market...

OLIGOPOLY is:
A market dominated by a few large firms i.e. “Competition amongst the few”
High level of market concentration
- Concentration ratio is the market share of the leading firms
Entry barriers exist — long run supernormal profits
Mutual interdependence between competing firms

Intensive non-price competition is a common feature of oligopoly



* Periodic aggressive price wars (fights for market share /dominance)

= Strong tendency for many market structures to tend towards oligopoly in the long
run

» Can be collusive or non-co-operative
* Several models of Oligopoly
— Sweezy (Kinked-Demand Curve) Model
— Cournot Model
» Simultaneous Output Decisions
~ Bertrand Model
* Simultaneous Price Decisions
— Stackelberg Model
* Sequential Output Decisions (Not analysed here)
* Collusion
*  Other features of Oligopoly
— Price wars

- Non-price competition

(b) Discuss the importance of the concept of game theory in making economic decisions
by firms, and explain the concept of the prisoner’s dilemma.

[10]

* Game Theory uses the idea of a Game in order to describe strategic situations
* The key components of a game are
— A set of players (individuals, firms, governments etc.)
= A set of strategies for each player
* A strategy is essentially a plan of action
— A complete specification of the possible payoffs to each player
* Payoffs are generally shown as utilities
*  Payoffs include everything that a player cares about

An example of Game theory is Prisoner’s dilemma:



Two ex-convicts are arrested by police on suspicion of carrying out a spate of
burglaries in a particular neighbourhood. The police lack the evidence to charge the
pair with the burglaries immediately, so instead hold them in separate cells and offer
each the chance to confess to the crimes in return for a reduced sentence.

Each is told that if they both continue to deny the crimes, they will be charged
with the lesser crime of possessing stolen goods, which carries a 1-year prison
sentence. If both confess, each will receive a 5-year sentence for the multiple
burglaries. However if one confesses to the crimes while the other denies, then the
one who confesses will be released without charge while the other will be sentenced
to the maximum term of 10 years,

The Prisoner’s Dilemma (2)

Player 2
Deny Confess
Deny 2,2 0,3
Player 1
Confess 3,0 1,1
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(c) Mustrate the fundamental principles of Keynesian consumption theory.

[10]

Components of aggregate demand:

C = consumer demand for g & s

]

I = demand for investment goods

G

government demand for g & s
(closed economy: no NX )

Disposable income is total income minus total taxes: ¥ — T.



*  Consumption function: C=C(¥-T)
Shows that T(Y-T) = TC

* Marginal propensity to consume (MPC) is the change in C when disposable in-
come increases by one pound,

The Keynesian consumption function - 1

c
C=C-cY
C c=MPC
1 = slope of the
_ consumption
C function
¥
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Solutions for Question 5

5. @

(b}

{c}

(d)

Low permeability soils are clays, high permeability soils are sands and gravels, with
silts in between. When tunnelling in clays, the permeability is low enough for there
to be no time for drainage {assuming tunnelling is not stopped) and therefore the
undrained strength is often high encugh to ensure temporary stability of the tunnel
face, even if completely unsupported. Whether or not the tunnel is below the water
table in such cases is immaterial. But, if tunnelling in sands and gravels below the
water table, the water will flow into the face, causing collapse and de-stabllising the
tunnel.

Potential problems in tunnelling below the water table in sands and gravels can be
overcome by {a) lowering the water table by pumping from wells installed for the
purpose (b) injecting grout into the ground in advance of tunnefling - usually cement
or chemical grouts — to reduce the permeability, or (c} closed face tunnelling
machines, either slurry machines or earth pressure balance machines.

Buildings made of masonry are susceptible to differential settlement and cracking is
associated with tensile strain. Those subjected to hogging deformation are mare
susceptible than those subject to sagging - the tensile strains are induced at the top
of the building whereas in the sagging zone they are in the foundations. The
settlement trough induced at ar near the ground surface by tunnelling Is Gaussion in
shape: a building directly above the tunne! may only be in a sagging mode, whereas
to one side it is more likely to be in a hogging mode.

Compensation grouting comprises injection of cement grout into the ground
between the tunnel and the building foundation in a highly controlled manner. The
grout is injected from tube-d-marnchettes (TAM's) which are installed in the ground
prior to tunnelling, usually from an adjacent shaft (or possibly from anather tunnel).
Monitoring instrumentation s installed on the building {electrolevels and/or
levelling points) and also in the ground {extensometers) to measure ground
movements. The grout is injected in response to the measurements. The primary aim
is to reduce the potential differential settlement of the building, thereby limiting
tensile strains and damage.

(i) Segmental linings. These are often used for lining circular tunnels, constructed
with tunnelling machines. The segments are usually made out of pre-cast concrete,
but sometimes from 5G/ (Spheroidal Graphite Iron). Advantages: constructed in
factories under carefully controlled conditions, relatively easy to handle, erected
within tunnelling machine, robust, very rare for collapse to occur, Disadvantages:
usually only used for circular tunnels, therefore /lack of flexibility on shape, difficult
to vary thickness.

(i) Sprayed concrete linings (SCL) - sometimes also known as NATM (New Austrian
Tunnelling Method). Concrete sprayed onto excavated soll surface, accelerators
added, hardens rapidly, usually with steel fibres added. Advantages: very versatile,



(e)

can easily change thickness, excavated shape. Disadvantages: needs careful quality
cantrol, susceptible to poor workmanship, collapse of tunnels has occurred where
workmanship was poaor, leading to errors (eg at Heathrow in 1994).

A tunnel’s stability in clay is determined by its stability ratio, N, defined as
N={a,~al/c,
where o, = total vertical pressure at tunnel axis level
o, = tunnel support pressure (if any, = 0 if open face)
c. = undrained strength of the clay at tunnel axis [evel
If the value of N is less than about 5 the tunnel face will be stable.
In London, ¢,=200 kPa at 20m depth, so that N=2 for an open face tunnel (assuming

unit weight of 20 kN/m?). In Bangkok or Singapore marine clay, ¢,= 50kPa at 20m
depth so that N=8.
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Question 6

a) From the notes:

Axial velocity
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Tangential velocity

2urs’ = U,

b} BEM requires an iterative approach because the flow angle ¢ depends on
the induction factors a and e’ and vice versa.

From the notes

34 ferative procedurs
& Choosa biade serofod seclion.
v Delum blade twest angde 7 snd chord length ¢ s & funchion of radis ¢
+ Delne cosrwing wid spoed 1, and iotor angular velocdy »
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c)h,i) We are given

B =6,0=18° r =2m to 8m, ¢ =1.5m, C}, = 2rq, Cp =~ 0.04,
Vo= 8 ms~, w=30rpm =7 rad 57!, @ = 0.114, and a' = 0.025.

Solidity 0 = 2 = 3zL5 = .143.

The BEM iterative procedure must be modified as we now know a so the flow
angle ¢ can be calculated directly.

Blade stall typical occurs when the angle of attack « is greater than 157, and
a = ¢ — &, hence define a new flow angle ¢ =15 + 18 = 33°.

When a = 15° the new lift coefficient Cp = 1.64 (and Cp = 0.01.)

The normal force coefficient Cy = Cp cosg + Cpsin ¢ = 1.385, while the tan-
gential force coeflicient Cr = €, sin¢ — Cp cos ¢ = 0.888.

New values of a = (.143 and a’= 0.075 are found using:

4sin’® ¢
aCy

+1

=] -1
o = 4siu¢cos¢_1
! h o Cp

Repeating the procedure does not change these values, i.e. iteration is not
required. Rearranging
(]. - G)VD

tang = ———— =
an ¢ (1+a"wr

we find the new incident velocity windspeed at stall is

_ tang(l +a')wr
T (1-9q

Vo =128 ms™!

c),ii) 'To calculate the flap-wise and edge-wise bending moments we use the
new incident wind speed Vg under stall conditions, to calculate a new relative
velocity seen by the blade V..

The normal and tangential forces are
1 .. 2 | p
Fy=pVieCn =516 Nm™, Fr= 5 # Vi ¢Cr = 330 Nm i

Hence the flap-wise (Afx) and edge-wise (M) bending moments at the blade

root are
5.5

My=| Fy(r)dr =516 x5x 1 = 2,580 Nm

4.5

5.5
Mo =f Fy(r)dr =330 x5 x 1 = 1,650 Nm
4

5

[ R



This question on Wind Turbine Blade Design was a popular guestion. There was
a unde range of marks for the question, with many students not completing all
the sections probebly due to lime restrictions. For part (u), the answer required
came straight from the notes or previous Iripos questions, and yet many students
failed to replicate these sumple graphs. In part (b} the students were required to
describe the standard BEM iterative procedure, which was again straight from
the notes. However, only a few students remembered lo include the starling as-
sumptions (choosing the blude aerofoil, tunst angle, chord length, radius, wind
speed, rotor velocity) and some forgot key equations. The key for part (c,1) was
to realise that the BEM procedure needed to be modified us o was given, and the
flow angle ¢ could be calculated directly. This meant tteration of the BEM was
not required. Students who worked this out scored highly in the question, as the
remarning mathematics was simple, In part {c,11) was answered well by students
who had interpreted purt (c,1), however only a few students remembered to con-
vert the windspeed velocily Vi into ¢ new relative velocity Vioy before calculeting
FN and FT.



7 (a) DFIGs allow variable speed operation of the wind turbine, which in turn optimizes
power extraction by ensuring that the turbine always operates at its optimum tip-speed ratio.

They only require a fractionally-rated power electronic converter to achieve this, as opposed
to other technologies which have to process the entire output electrical power.

They enable the induction generator to penerate/absorb reactive power, as required by the
power system, by varying the angle of the voltage supplied to the rotor via its slip-rings.

&
— O
Stator | | 3 phase grid
s.50 Hz DC 50 Hz
AC AC
Rotor
Schematic of the DFIG

The bi-directional converter supplies slip-frequency voltages to the rotor winding via the slip-
rings. By varying the frequency, amplitude and phase of these voltages the no-load slip of the
DFIG may be varied over a substantial range, enabling the generator to operate over a wide
range of speeds. The principle of this is similar to speed control using rotor resistance control,
but with the advantage that the power involved is returned to the grid rather than being
dissipated.

(b) (i) With the slip-rings short-circuited the DFIG behaves as a standard induction machine
i.e. it will operate with a slip close to zero and so at an angular speed close to synchronous
speed ws.

The most probable wind speed is 6 ms™, the tip-speed ratio is 7 and the blade radius is 40 m
so from:

R
A=22 the turbine angular speed will be 7x6/40 = 1.05 rads™
v

Thus the speed at the DFIG will be 30x1.05 = 31.5 rads™' and this will be very close to its
synchronous speed s = w/p = 2nx50/p giving p = 10 and so the DFIG will have 20 poles.

(ii) From P= %C‘”pAv3 and substituting in C, = 0.38, p = 1.23 kgm™, A = R? = 1x40% =

5030 m? and v = 10 ms™' gives P = 1.18 MW. Assuming no losses in the power train then the
DFIG will need to have a power rating of 1.18 MW.

(iii) At rated wind speed the generator speed will be approximately 10/6 times its speed at
the 6 ms™' wind speed i.e. 52.5 rads™' giving a slip of (31.5 — 52.5)/31.5 = -2/3.

Many excellent attempts to part (a), most students understood why the DFIG is the generator of
choice in large wind turbines and could explain its principles. For part (b), many students were able to
find the pole number and power rating required for the generator, but the slip calculation, despite
being very straightforward, eluded most candidates.
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Part IB Paper 8 2017 Section E Nathan an299@cam.ac.uk

12 (a) The key element for a smartphone has always been the display. Indeed the
display in the iPhone 7 is one of the most superior in terms of contrast ratio and screen
reflectance for liquid crystal based technology. If the display screen of the iPhone 7 has
a diagonal 4.7 inches with an aspect ratio 16:9, what is the display size in pixels if the
resolution is 326 pixels per inch. [2 marks]

= Answer:
Since all pixels are the same and square-sized, we can approximate the screen size
in terms of number of pixels as follows.
y: + 1% = 4.7 where y = (16/9)x. This yields x = 2.3.
Hence display size = (16/9)*2.3 by 2.3 = (4.09 by 2.3) inches
=> 326 (4.09 by 2.3) = 1334 x 750 pixels (2 marks)

(b) If the display screen yields a maximum contrast ratio of 1762 with a dark black
luminance of 2.5 cd/m?, what is the peak white luminance? Assume screen reflectance
is negligible. [5 marks]

=>» Answer:
Maximum contrast ratio = (peak white luminance)/(darkest black luminance) =
1762
Thus peak white luminance = 1762x2.5 cd/m* = 4405 cd/m* (5 marks)

(c) Name three basic thin film transistor (TFT) technologies that are of current interest
in display screens and tabulate their relative performance in terms of carrier mobility

and current applications. [8 marks]
=» Answer:
a-Si:H LTPS AOS
Attribute (hydrogenated | (low temperature|(amorphous oxide
pmorphous silicon) peoly-silicon) semiconductor)
Mobility (cm*V™'s™) <1 30-100 <50
Application Pads to TVs Smart phones OLED TVs

*Top two-row answers are 1 mark each, and bottom row is 0.66 marks each (total:

8 marks).
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(d) A thin film transistor for eventual applications in OLED TVs is being fabricated
using a new trial channel material, indium silicon oxide. Its electron mobility (u) is 50
em?V's™. The transistor will have channel width # = 10 um, gate length L = 3.6 pm,
and channel thickness (f.;) = 20 nm. Assuming that the gate induces a uniform carrier
density (V) of 5x10' cm™ in the channel, what is the drift current J, for a source-drain
voltage of 2 V. Note that elementary charge (e) is 1.6x10™"° couls.

[10 marks]
= Answer:
L
'rr.hT
Current equation based on drift process, i.c. using J =oE
Id = W.td; oe.N.ﬂo%
(5 marks)
Calculation of 1
1y =10um-(20x 1077 cm) (1.6 % 10—‘9coulomb)-(5x 10'4cm_3)-50cm2V_|s_' 2V
3.6um
=50x 1079 £24Mb _ 56,109 A = 44nA
5
(5 marks)

Page 2 of 5



13 a) Explain how Gauss’ law can be used to obtain the electric field created by a cube
of uniform electronic charge. Be clear with your arguments about the direction of the

field.
[5 marks]

preazs Y/
A

=gN

“» Answer:
By symmetry, for the gate stack geometry, E field cannot come out of sidewalls,

can only come out of top or bottom. But E cannot come out of bottom either, as
there are mobile charges there, so E(h=0) = 0.

eN
£,

Hence, Q=eNh.A, DA=¢, ¢, E(/) . A by Gauss,and £= h (5 marks)

b) Hence derive the expression for the gate threshold voltage to turn off a depletion
mode n-type FET with a channel doping density of N electrons /m’, channel thickness h,

and with a relative dielectric constant of &,.

[6 marks]
= Answer;
V=-fE.dh= -f ¥ hdh=-052"p2
EQE; EQE;
(6
mar
ks)

¢) From (b), calculate the gate threshold voltage V, for this case where h = 50 nm, N=
2.5%10% m™ and g0&; = 107" F/m. Sketch the Las vs. Vs characteristic for this case.

[6 marks]
= Answer:
Leaving positive charge behind, Vy; = % x 1.6x10™ x 2.5.10% (/ 10™"%).(50x10)* = -
05V
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Vi=-0.5V Vs

(6
mark

s)

d) A floating gate of Si (goe; = 107'° F/m) in a Flash memory-like device has thickness t
= 30 nm and a very thin, second gate oxide of SiO; is added on top of the floating gate
as sketched in Fig. 5. The floating gate is charged up to charge density of 2.5x10%* m™.
Calculate the new value of the gate threshold voltage in this case of a Flash memory-

like device.

{8 marks]
= Answer:
N Lua new voltage = +% x 1.6x10"" x
2.5x10* (/10" x(30x10°)* = 1.8 V
sonett Vp=+1.8V-05V=13V
Vi=-0.5V dy=+18Y Vo
(8 marks)

Page 4 of 5



14 a) Derive an expression for the wavelength of an electron in terms of its kinetic

energy T and effective mass m*. [6 marks]

T = Kk*/(2m), so k = 2mT)'"*/h or wavelength A = 2t/k = 2xh/2mT)"? (6 marks)
b) Explain what is meant by quantum mechanical tunnelling, for example by sketching
the wavefunction of an electron travelling from left to right through a tunnel barrier of

height V and thickness d; the potential outside the barrier is V=0.

[6 marks])

Tunnelling is where Kinetic energy is negative because total energy E is less than
the barrier height V.

region 1 region 2 region 3 E

1 2 3
o
- \AYAYA
1] d L b X
(6 marks)

¢) Derive an approximate expression for the tunnelling probability P in terms of the parameters
E, m*, Vgand d.

[5 marks]
k= [2m(E-Vy)]"*/ h = -[2m(V,-E)|"*/ h.
Decay of wavefunction after barrier length d is Py = exp(-kd),
So tunnelling probability is P = |Pg|* = exp (-2kd) (5 marks)
d) Calculate P for the case of a 1.5 nm thick SiOs layer assuming that the effective
electron mass m* is half of the free mass, E = 0.5 eV, V = 3.5 eV, Planck’s constant =
6.626x107* kg.m?s, and the free electron mass is m = 0.9x10° kg.

[8 marks]

2kd = 2x(2x 0.5 x 0.9x107" x 3x1.6x10"")"? (/6.63x10™** ) x 1.5x107 = 3
so P =exp(-3)=0.05 (8 marks)
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SECTION G

Bioengineering

18 (a) Describe the path of the illuminating and reflecting light from the fundus,
when using both the Fundus Camera and the Scanning Laser Ophthalmoscope. Explain

the reasons for each approach, and contrast the resulting optical properties. [6]
Answer:
Vawhisd i arel Sumenaung kg -
bt Wt & e
-hlnn-ivllum: - IR et bt : =
Fig. 1

Illumination in the Fundus camera is shown top left: in this case the illumination is via an
annulus and the reflections are observed via a small disc in the centre of this annulus. In
the case of the SLO (top right), the illumination is via a small laser spot at the centre, and
the reflections are observed everywhere except at the point of illumination by the laser.

There are two important issues: firstly, the illumination and reflection must not be
coincident, since otherwise reflections will be dominated by those at the lens of the eye
rather than at the fundus, which is actually what we want to visualise. Secondly, the
optical efficiency is controlled by what percent of the illuminated light is seen in the
reflected light. Both instruments solve the first of these issues, but the SLO is much more
efficient since nearly all of the reflected light which passes back out of the lens is seen.
This means the instrument can be used with a lower incident light power for the same
image noise level.

{(b) In Optical Coherence Tomography (OCT), the fundus is illuminated with a laser
pulse £ with n periods of a frequency ay:

jopr  _nxm nx
'3 %{t{%

0 otherwise

E =
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(c)

(i) What is the bandwidth & of this pulse, defined as the width of the main lobe
of the frequency response, and how does this relate to the spatial depth resolution
of OCT? 7

Answer: In order to answer this, the Fourier Transform of the pulse E must be
calculated:

nI
F(E)= [ D il =i gy

Combining the exponentials, integrating and using Euler’s formula gives:

nr
FE) = [  tlep-0) g

_nx

ﬂh
 [eia-a)]®
R
2 . { nm(@y — )
m=a= (=)
_ Znnsinc(nn(avg—m))
a @y

nT
o

The main lobe extends from — 7 to 7, hence:
ni(wy — )

So the bandwidth is:

The spatial depth resolution of the pulse is just the length, which is %;‘c, where

c is the speed in the medium. Hence b is inversely proportional to the spatial
resolution.

(ii) Suggest approximate values for # and @y typically used in OCT. [2]

Answer: For OCT, the wavelength is typically 500 nm to 1300 nm, and the speed
is roughly 2 x 108ms ™!, so ay would typically be over 1 x 10'6. n would typically
be of the order of 100.

The images in Fig. 1 below show two types of visualisation from OCT data.

(i)  For each image, explain what type of visualisation is being used, what it can
display, and describe one feature of the eye which can be seen in this visualisation. [6]

Answer: The left hand image shows a reslice, which is a cross-sectional image
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Fig. 2

through the 3D data, with the brightness representing the reflectivity of the tissue.
This can be used to show the geometric distribution of the tissue within a particular
slice. The right hand image shows a surface rendering. This is a 3D representation
of the boundary between two different reflectivities in the 3D data, and shows the
3D geometry of that particular boundary.

The left hand image reveals various tissue layers in the fundus: the retinal layers,
the retinal pigment epithelium (RPE) and at least the top of the choroidal layer can
be seen, as well as possibly some blood vessels. The right hand image shows the
surface of the retina: the macula surrounding the fovea can be seen on the left, and
the top of the optic disc on the right.

(i) For each image, describe one feature which is an artefact of the visualisation
process, and briefly explain how this artefact arises. [4]

Answer: Some darker vertical stripes can be seen in the reslice image which
are actually ‘shadows’ from areas of higher reflectivity above them. Equally the
‘texture’ of the reslice image is the result of coherent scattering rather than a real
feature.

The edges of the surface in the surface rendering are not really surface edges: these
are just the regions of data where the refiectivity has dropped below the threshold
used to pick out the surface.

19 (a) Sketch a section of the human eye in the vertical plane that divides it into
left and right halves, and annotate it by placing the following labels: cornea, lens, retina,
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fovea, optic nerve. [4]

Answer: In more detail than expected:

(b)  Explain the mechanism underlying the physiological blind spot in vertebrates, and
give an example of an animal species that does not have such a blind spot. [4]

Answer: The physiological blind spot is a region of visual field that the eye cannot sense.
It emerges from the relative spatial arrangement of retinal nerve fibers and photoreceptors
in vertebrates. The axons of the retinal ganglion cells, which bundle up together to
form the optic nerve, must leave the eye one way or another. In vertebrates, retinal
ganglion celis are found closer to the light source (closer to the surface of the eye) and
photoreceptors are at the back. Thus, there must be a hole in the sheet of photoreceptors
to make space for the optic nerve to leave the eye through the back and reach the brain,
This hole underlies the physiological blind spot. The octopus does not have a blind spot,
because nerve fibers route behind the retina.

(c) Write short notes on

(i) simple cells in the primary visual cortex
(i) cortical minicolumns

(iif) the transmission of visual information from photoreceptors to optic nerve
fibers
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[7]
Answer:

(1)  Simple cells respond preferentially to small oriented stimuli (bars or gratings)
in a particular location of the visual field, with a particular orientation and a
particular spatial frequency. Their receptive fields have distinct excitatory and
inhibitory regions that approximately balance out under uniform illumination.
Simple cells differ from complex cells in that their responses to the superposition
of multiple Hllumination patterns (e.g. bright spots in different locations within the
receptive field) can be well predicted by the linear summation of responses obtained
for each stimulus individually.

(ii) A cortical minicolumn refers to a block of neural tissue spanning all 6 cortical
layers under a ~ 40um x 40pm section of cortical surface. In primary visual cortex,
such a block typically contains a few hundred neurons, each with similar response
properties (e.g. similar orientation preference).

(iii) Photoreceptors transduce light (using special proteins): the more photons
they absorb, the more hyperpolarised they become (unusual in sensory systems!).
Hyperpolarisation leads to a drop in intracellular [Caz"'] (closing of voltage-gated
calcium channels), which in turn inhibits the release of glutamate released into
ganglion cells (GCs) at synaptic terminals. This results in the depolarisation of some
GCs, and hyperpolarisation of some others, which alters their rate of action potential
firing. GCs also influence each other’s activity through synaptic interconnections.
It is the action potentials fired by GCs that are eventually sent down the optic nerve.

{d) Give two examples of convolution-based algorithms for the detection of luminance
edges in an image. Sketch the associated spatial filters, and compare the advantages of
the two algorithms. Which is closest to the processing of visual inputs performed by the
retina? [5]

Answer: Luminance edges could be extracted by convolving the image by either of
the two filters sketched below. The first one approximates the first derivative of the
luminance along one direction (orthogonal to the orientation of the edge), and so will
only detect edges that have the same orientation as the filter. Convolution with a whole
bank of such filters with diverse orientations will need to be performed to extract all edges.
Alternatively, edges can be detected as the zero crossings of the second derivative of the
luminance. Curvature can be approximated by the radially symmetric filter shown below
on the right. Edges of any orientation can now be detected simultaneously. This filter is
similar to the receptive fields of retinal ganglion cells.
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+: light in this area enhances the cell's reponse
=: hght in this area suppresses the cell's reponse

(e) What is an “orientation map” in the primary visual cortex? Describe an experiment
that could be performed to reveal such maps. Include detaiis of recording techniques and
visual stimuli. [5]

Answer: Most neurons of the visual cortex are tuned for specifically oriented stimuli,
in specific positions in the visual field. Both position and orientation preference vary
smoothly along the cortical surface, such that neighbouring neurons respond to similar
orientations in nearby positions of the visual field, forming an “orientation map” with
“pinwheels” at the junction of minicolumns with preferences for ail orientations. To
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observe such maps, one can use optical imaging (e.g. using a voltage-sensitive dye)
to monitor the activity (in superficial layers) of a large area of cortex. By measuring
responses (averaging across multiple trials) to small oriented stimuli presented in various
locations in the visual field (covering the retinotopic span of the whole imaged area),
one can extract orientation preference across the surface and plot the resulting orientation
map.

2D (a) Describe the tissue structure of the crystalline lens in the eye [3]

Answer: The crystalline lens sits behind the iris and contributes 1/3 of the total focussing
power of the eye (about 20 Diopters out of 60 total for the eye, with the other 40 coming
at the air-cornea interface). The lens is about a cm across and half a cm thick. The
transparent, biconvex lens structure changes shape to change focus. There is an exterior
capsule that contains the lens, which is in two parts, the nucleus and the cortex. The
nucleus is older lens fibers and the cortex is the newer lens fibers; the capsule is the
source of new lens fiber cells. The "lens fibers" are specialised elongated epithelial cells
surrounded by unusual proteins called crystallines (30% by mass). The overall structure
of the lens is complex and "onion-like" in terms of being in layers. There are no blood
vessels or nerves in the lens.

(b) Describe lens accommodation in young, normal healthy eyes. Explain how the
accommodation refiex differs from accommodation. [6]

Answer: Lens accommodation is the process of lens shape change that allows the eye to
adjust for focus on objects nearer or further away. It is responsible for 1/3 of the total
focussing power of the eye. The lens is more spherical to accomplish close up focus
and becomes stretched/extended to accomplish far focus. Lens curvature is controlled
by ciliary muscles, and by changing curvature, one can quickly re-focus the young and
healthy eye on objects at different distances.
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Accommodation for a near target

T ear in focus

Accommodation for a far larget

bear blurred
ar in focus

The accommodation reflex is the combination of accommodation (i.e. lens shape change)
along with convergence and constriction of the pupils. Near point of convergence (NPC)
is measured by bringing an object to the nose and observing when the patient sees double,
or one eye deviates out. Normal NPC values are up to 10 cm. While it is well understood
that proper convergence is necessary to prevent double vision, the functional role of the
pupillary constriction remains less clear. Arguably, it may increase the depth of field by
reducing the aperture of the eye, and thus reduce the amount of accommodation needed
to bring the image in focus on the retina.
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(c) Lenses are typically characterised by the quantity diopters (D) measuring lens
power.

(i) How does diopter relate to focal length of a lens?
(i) Draw the difference between +D and -D lenses.

(iii) A lens whose focal length is 50 cm is placed in contact with a second lens
whose focal length is 10 cm. What is the power of the combination lens?

(6]

Answer: "Amplitude of accommodation" is the max amount that the lens can
accommodate in diopters (D), equal to the reciprocal of the focal length measured in
metres.

Examples of lens shapes from the lecture notes:

oD -2D 3D

+4
I

Diopters are extremely useful measures of lens power because they can be summed for
compound lenses, so convert the two focal lengths to meters and then to diopters as 1/0.5
+ 1/0.1 = 12 diopters

(d) Explain why reading glasses are increasingly common as the eyes age, and what
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type and strength of reading glasses are typically used to correct this. (8]

Answer: The lens continually grows throughout life, laying new cells over the old cells,
which results in stiffening of the lens (by three orders of magnitude) as well as growth
of the lens size (from about 90 mg to 250 mg in mass). It then becomes more difficult
to nearly impossible for the lens to change shape under the action of the ciliary muscles,
and thus the lens gradually loses accommodation ability with age, going from 10 diopters
at age 20 to 0.25 diopters at age 70. This is called Presbyopia and it is part of the natural
ageing process and happens to nearly everyone. The nucleus stiffens more than the cortex
with ageing. The near point is the closest object that can be brought into focus naturally.
This ranges from a few cm in children to several meters (longer than an arm’s length!) in
old age.

Convex lenses, typically in the range of powers of D = +1 to +3, are used to correct minor
presbyopia and to allow for focus on things like reading materials held closer than the
near point.
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21 (a) Explain, using examples to illustrate your answer, the advantages and
disadvantages of each of the following types of business models:

6] selling a product;
(i)  selling a product plus consumables; and

(iif)  selling a product plus a service.

[6]

Sell a product: Pros = You can increase revenue with higher volumes; you control
more of the value-adding activities yourself; your embed your knowledge
within a product and thus have control over how your idea is developed in the

Juture. Cons = Need to develop — or access - the capability to produce the
product; potentially high levels of investment will be required; can be quite an
inflexible business model; once you have sold the product you might have no
Jurther interaction with your customers (unless there is a problem); no
opportunily for on-going revenue unless you sell customers another product.

Sell a product plus services: Pros = On-going revenues can be generated on the back
of the sale of each product; you keep in contact with customers through the
delivery of services — and this can help with the development of future
products and services. Cons = You need to develop and manage the
infrastructure to provide services — and this is a very different activity
compared to developing, making and shipping a product.

Sell a product plus consumables: Pros = On-going revenues can be generated on the
back of the sale of each product; you keep in contact with customers through
the delivery of consumables; Con = You need to develop and manage the
infrastructure to provide consumables.

Better answers linked the points above (o issues of-

= Strategy — What do the people setting up or running the business want to
achieve? Do they want to make a quick return from an idea, do they want to
run a small business, focused on local markets, or do they want to be the
global leader in a particular market?

»  Technology — What is the nature of the technology? Is it very novel and
untested? Is it very complicated? Does it work on its own, or is it part of a
larger system?

*  Market — Who are the users of the product, and how buys the product (not
always the same person)? How many potential buyers are there? Where are
they?

*  Resources — What do you need to make the business work? What do you have,
and what do you need to get?



(b)  Compare, using examples to illustrate your answer, the characteristics of each
of the following types of production system:

(1) project;
(i)  job shop;
(iii)  batch production; and
(iv)  mass production.
[9]

Project: Building or road construction; Shipbuilding; Open-heart surgery; High-class
restaurant: Requires project management skills and coordination,

Machining shop: Art gallery; General hospital: Skills co-located, but products follow
unigue routes. Most flexible option, but leads to complex flow - difficult to have
visible processes.

Batch production: Writing instruments - (e.g. pencils, pens); supercars; garden
equipment; fresh prepared meals for supermarkets: Attempt to gain benefits of
product layout without loss of flexibility.

Mass Production: car assembly; electronics, self service cafeteria; (almost all
variants require same processing steps): Requires: line balancing, dedicated
equipment high reliability, co-ordinated response to errors; high initial investment

Better answers could describe these in terms of their relative position on the volume-
variety curve:
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(c) Discuss why there are conflicting objectives between supply and demand in a
manufacturing firm, and describe strategies that can be used to manage these
conflicting objectives.

[10]

First, you need to explain why the conflict exists: The basic problem of supply and
demand is: the process of producing the product takes time - both due to production
and due to the need to acquire the materials and components required to make it. If
the customer is not prepared to wait for this process to occur, a stock of finished
goods must be held so that whenever a customer arrives, there is a complete product
ready to be bought. However, this stock of finished goods is expensive — all the costs
of production have been paid for, and extra costs are incurred due to the need to store
the product. The ideal is clearly that a steady stream of customers should arrive at




exactly the same rate as the factory produces the products — so all the factory's
resources are continuously in use, but no stock is kept.

The challenge is in designing the production system to reconcile two sets of
conflicting objectives:

*  Customers would like to be able to buy any volume of a product without delay
at any time

*  Owners of the business would like to see all their resources fully and
efficiently used all the time without having to pay any of the costs associated
with holding stock

Then, you can describe how these conflicts can be addressed: Clearly the resolution
of this conflict is a complex. Firstly, demand (the time history of the rate at which
customers buy products) is inherently variable and fluctuates, often in an
unpredictable way. Therefore, in designing the production system, it is helpful to
consider strategies to try to smooth the demand as much as possible.

Secondly, supply (the rate at which products can be made) is inherently smooth, and
all production systems work best when tuned to work at a steady rate. The production
system must therefore be designed to avoid wasted time, and 1o be as flexible as
possible in changing the rate of output.

Possible strategies include:

Demand for air-cooling products is much greater in summer than winter, for
instance. We know that ideally we would like to see a smooth pattern of demand at
the average level, or at least we would like to be able to forecast demand. However,
experience of forecasting is that it is extremely difficult, and it is difficult to be more
accurate than saying that “tomorrow will be the same as today.” Four general
strategies have developed for trying to smooth the pattern of demand:

The simplest strategy is to design a system with capacity to supply the average
demand, and use the quiet periods to build stock to meel the periods of peak demand.

An attractive possibility is to find a second product with the inverse demand cycle so
that the two combined have more level demand

Price can be used to reduce demand at the peak, and increase it at off-peak times -
Jor instance by charging more for toys at christmas

Reservations can be used to allow advance booking of peak demand, so that later
requests must be met at other times

A broader strategy made popular by the success of Dell Computers is to try to
smooth demand by offering a range of products where the total demand is smoother
than the demand for any individual item. If the difference between the products can
be introduced late in the production system, the overall demand seen by most of the
system will be smoother.

Better answers put this in context with an illustration such as this:
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22 A team of students has developed a robust, low-cost, digital medical heart
monitor for use in disaster zones where normal medical facilities are not available.
For this product, describe the processes by which the students could:

(a) assess the scale of the potential market;

The basic answer needs to discuss: how to define a market, and how to segment it.

There are many ways in which you could divide, or segment the market place. This
can be done via a perceptual map. How do customers, users and stakeholders
perceive the product? There are four possible ways in which this can be considered.

By the benefits that are delivered: what benefits do customers and users derive from
the product? For a hedge trimmer, it might be a neat hedge, or perhaps versatility, or
perhaps a great service deal.

By particular product attributes: perhaps the easiest way to segment a market is to
compare product attributes. This however tends to say little about the customers and
is often the weakest approach. For lawn mowers, this could include product
performance, width of cut etc.

By characteristics of the consumer: this can be split to include demographics, and
psychographics. Demographics relates to aspects such as social class, age, house
size, sex etc. Psychographics relates to the user’s attitudes and beliefs, what they feel,
their lifestyle etc.

And by product use: describing ways in which a product is used. There might be
strong customer loyalty, products might be used rarely or frequently, it could describe




purchase behaviour (e.g. Distress purchase, seasonal patterns or regular upgrades
etc).

Some perceptual maps use ‘price’ as a dimension. This is never preferable, an in
many cases, price can be considered as an element of other dimensions.

Better answers need to be able to add some context specific aspects: how would you
find out about a market as challenging as medical devices for disaster zones? As it is
unlikely that there are any market research reports, the data could be very patchy, so
some assumptions would need to be made. This should be acknowledged in the
answer

(b) understand the requirements of stakeholders; and

Firstly, the stakeholders need to be identified. This could be done by viewing the
external stakeholders in terms of who is involved in the purchasing decision.

*  [Initiator(s) - Begins the buying process & gathers information

*  Influencer(s) - Persuades or guides, has some role in influencing the decision, but is not the
primary decision maker

*  Decider(s) - Holds the power [ purse strings, May not however be the ultimate user.

*  Buyer - Conducts the transaction

*  User - The actual end user, who interacts with the product

The benefits to the users (such as usability, ergonomics, performance etc) may not be
be visible to the buyer or decider. They may have a different set of goals.

It is important in beginning user research to identify the external stakeholders who
influence the purchase decision and who are influenced by the end product.

In some cases, the same person may fulfil all roles. However, in most complex
purchases, there are normally a number of stakeholders involved in the purchase
decision. Each different stakeholder may have a different view on the elements of the
design mix which are important to them.

We saw earlier how it is possible to identify unique purchase motivations for
different market segments. It is also possible to do the same for the different
stakeholders in the purchase / decision making process.

Then, you need to describe the possible different methods for capturing data from the
stakeholders. This should include a description of the relative merits of the different
qualitative and quantitative methods covered in the lectures.

Better answers should be able to discuss these points in terms of the specifics of the
situation, i.e. stakeholders might include multiple NGOs, contract manufacturing
organisations, national/regional governments, volunteers, efc.

(c) create a detailed product specification.
[25]
The basic answer needs to cover the key points of any product specification:

* Define what needs to be designed
» Expresses customer needs in the ‘language of the customer’

*  Does not limit ways in which the requirements are met




*  Provides design targets
» Sets design constraints
* Provides precise, unambiguous, measurable detail about what the product

must do

— Quantifies and qualifies
» Enables the evaluation of solutions

*  Evolves as new information is learnt

This should be placed in the broader context of going from user needs to final product
manufacturing instructions:
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The detailed specification would look something like this:
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The process to getting to this could include decomposition of different functions
required, and different possible configurations of elements.



Better answers would be able to provide a illustrative example of what the
specification might look like for this heart-monitor, with rough requirements
provided to show what issues would need to be considered for this particular
application.

23 (a) Describe the differences between these four types of Intellectual

Property:

§)] copyright;

(ii))  trademark;

(iil)  design rights; and

(iv)  patents.

The basic answer should cover the information provided in this table:
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Better answers would provide more detail as shown below:

Prolection of dewgns

+ Dewsan opears ol e who of 8 b of @
4 o et

taFDorZDieg »puewn)

) I btk el

= K e A Vgl COpyTg Of rOur Dot
IHAADH W kierir Ml AR —
of hurcwen)

- robemu et airbdat (a maepny Eiad
s P o oTiog) Lart

« 10 LTt e COMEANIS. [Tk I Syl «
ABLa (L2 Ty iy X Py ey 158 Aty
SO ol b

- 40 probect 8 beand Iagn, et 1 s mad
a4 GABEh B ARage of e Cors- \
Cold botw

= ey snsociabed B may bu yiasle

Copynights

» Fof wniten. musical ond artialic wasks. sopyright tasts for 70 yuars after
he Death of the author: published pertions tor 25 years

Paotect ongmal ltarary, dramats, musica’ and arbstic works
{irteapuctve of armic quakly | graphs works. publshed obiois uf
works, sound racard:e fims and troadcasts

o Gt progoatss (Meflwine} cuwl se d frpe of Uoginal Dledusy work

No copytight protection for ideat or far indnadusl words of phiases -
i3 13 where patents and trade marks a°s rowvant

+ Prtacinn ntintn automatically: iha ida of tha Intkreational & ma i
optional (in e LK)

Four gulding principhe for tul trade mark regi

1 Truue tiuih st by distingivg of e gowds o services uf o
trader, and not ba decepive

*s

Must nol be descnpive o the goods to which i is applied (e g
"Appie’ can be used for compuiers! consumer alacirorics. of
fecords, but nat fnut)

3. Muct nat be misleading (¢ g. "Heatthy lor o brand of cgarctias) or
£a%ly conhitsec wilh olher maeks (e . ‘Coka Cola woudd be
unacceptable)

4 Look too smitar lo state symbals ike flags or habmarks

Patant 23 3 socul contract
¢ Abrgal e Wi Qraney the holder

= Ehw pxciaive ngnd 10 pravem
O O Fridd 5, Lokt of

srportng a praduct 3121 Intinges
it patent winoul nn —
MANONILDGN
- 1 countnes for whiCh e pasend -
w3 granted W
- K 3 fmase wme (U0 10 39 o) .
years) o

Pt ot P




(b)  For a patented technology, compare the advantages and disadvantages for a
firm using a business model based upon:

(i) licensing the patented technology to another firm; and

(i)  manufacturing and selling a product that incorporates the patented
technology.

(8]

Basic answer should cover:

Licence the idea to someone else

Pros = Get the cash quite fast, little responsibility for building the business/achieving
success, comparatively little further funding /capital investment needed.

Cons = Get relatively small % of value, need to develop capability to manage
licensing business model (i.e. how to find partners, how to negotiate contracts, and
how to manage licensees), may have little control over how the licensees use your
technology. Have to have the ability to get-on with other people / organisations.

Do it all yourself

Pros = You get ‘all’ the value generated — what you invest in the process can be
directly recaptured by you (if all goes to plan), you are in ‘full’ control of what
happens, you do not need to manage complex contracts.

Cons = You need to raise all the investment/capital, you take responsibility for all
that goes wrong, you have to work within the limits of the resources you can access.

Better answers would compare these two, rather than just describing each one.

(c) i Describe the key elements of a business plan for
commercialising an idea based around a patented technology using a partnership-
based business model,

(if)  For the business plan described in part (i), discuss the specific issues a
venture capitalist would focus upon when examining this business plan. Explain why
you think these issues are particularly important to a venture capitalist.

(9

(i) Basic elements of the business plan are:



The market Financial projections

- Who has the problem that you — How and when will money be
attempting to fix? made?
Product or service Marketing strategy
- What solutions are going to be — How will get people to buy
used to address the problem? your product / service
Management team Resources required
— Who is going to do it? What is — What do you need to start your
their track record? business?
Business operations Exit opportunities
— How are you going to do it? — How will your investors get

their returns?

For the specific case as described in question, there would need to be explicit
reference o the types of partnership that have been or need to be formed, and the role
of the patented technology as part of the core value creation opportunity. Is all the
required knowledge captured in the patent — or are there complementary assels i.e.,
the inventor — that are a key part of the plan?

Outscurcing Partnerships / alllances Margers & acquisitions

Licensing | Shared Partial Partial
{non- resources acquisition Jolnt acquisition 100%
equity) (non- cantrolling ventures controlling acquisition
equity) <50% >50%

Contract
services

Increasing integration

(i)  Any VC is particularly interested in:

Management - especially where the team has not worked together before. They would
look in detail at the CVs of the management team to make sure that there is both
commercial and technical experience, appropriate for this indusiry.

Access to markets — they would look in detail not only at the projected market size but
whether the team have a clear awareness of what needs to be done to access the
specific market (e.g., if the plan is for a healthcare technology, do the team
understand and have a plan for working with an organisation as complex as the
National Health Service, with set procurement processes?).

Exit- what control, if any, will the VC have over a trade sale or a stock market
listing? Do the team have a sense of who might buy the business in the future?

For this particular situation, the VC would want to be convinced that the team have a
clear plan for working with the partner. They would look in detail and who the
potential pariners are, what the current relationship between the start-up and the
pariner(s) is, and what the IP situation is. The VC would want to know whether the
start-up team has any experience of managing partnerships.



