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4. a) Sandwich panels consist of two stiff, strong skins separated by a lightweight
core. The separation of the skins by the core increases the first and second
Moments of Area of the panel, with little increase in weight. This produces an
efficient lightweight stricture for resisting bending and shearing loads.

Hexagonal honeycombs, lattice materials, and metal or polymer foams are
used as core materials in sandwich panels for lightweight structural
applications.

b) Face yield:
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(Note that the shear stress across the core is approximately uniform, because

of the skins.) (4]

¢) Neglecting core contribution to face yield:
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i) Casting using a polymer foam precursor:

An open-cell polymer foam of the desired cell size and relative density is
selected. This is then coated with a mould casting slurry (ceramic powder)
which is then dried and embedded into a casting sand. The mould is then

baked, both to harden the casting material and to decompose and evaporate the

polymer template, leaving behind a ‘negative image’ of the foam. The mould
is then filled with a metal alloy and cooled. The mould materials are then
removed, leaving the metal equivalent of the original polymer foam.

(The ERG DUOCEL foam is made by this method, which typically produces
open-cell foams with pore sizes of 1-5 mm, and relative densities as low as
5%.)

ii) Metal deposition on cellular preforms:

Open-cell polymer foams can serve as templates upon which metals are
deposited by Chemical Vapour Decomposition (CVD), by evaporation, or by
electrodeposition. After several tens of micometres of the metal have been
deposited, the polymer is burned out by heating in air. This results in a
cellular metal structure with hollow ligaments: a subsequent sintering step is
then used to densify the ligaments.

(The INCO nickel foam is produced in this manner, by CVD. Typically,
foams with pore sizes 100-300 um & relative densities in the range 2-5% can
be made by this technique.)
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b) 1) For simplicity, open-celled metal foams can be modelled as shown in
Figure 5, with dimensions chosen such that the relative density and surface
area density of the model match those of the real foam (which can be
measured).

The cylinders shown in Fig. 5 are each shared by 4 cells, so only % of them
belong exclusively to the unit cell shown. Assuming d << h, the relative foam

density is: ] E_“ |1x(ﬂ (1—1/4) I x 1/4
C (s N

_ Om (A )"
- 27
Similarly, the surface area density of the foam is: .
- il 5} IR 3 (j*u-
1I2«Tdbh «7a I g
3 - S [5]

]

]

i1) For a 20 ppi foam,
k=25 = 123

Y Y 1 _ 23w oA
I R O — 5~ C
. 23w x0\* = (529 /.3

Y |.‘).‘.7-~Av-!¢>’-s
To qualify as a compact heat exchanger, oo must be larger than 700 m*/m’.
Therefore, a 20 ppi foam with relative density 0.1 does qualify. [4]

ii1) In general, there are 3 principles guiding the design:

1) The foam needs to have a reasonably high relative density and be made of
a highly conductive material, so that heat can be rapidly transported from the
heat source to the bulk of the foam. Aluminium and copper are good
candidates.

2) A high surface density, and turbulent flow of the coolant within the foam,
is then required to facilitate heat transfer between solid and fluid.

3) A low pressure drop in the coolant is desirable, to minimise pumping
power.

The thermal efficiency of this type of heat exchanger is defined as

_ Rate of heat removal

I
pumping power

I



Requirements 1 and 2 call for high relative density, surface area density, and
coolant velocities; but these tend to compromise requirement 3. Simple

models based on the cubic unit cell have shown that, for a given pore size, I is
maximised when the relative density is in the range 0-1 ~0-2. (Increasing the
pore size for a given relative density can raise the value of I, but at the expense

of making the heat exchanger larger.) [5]

6. a) 1) The main contributions to the cost of manufacturing a component are:

+ The capital cost of the equipment used to make the component (generally
a non-dedicated cost), C

+ The cost of dies, jigs and other special tooling (a dedicated cost), Cq

+ Time-dependent costs (labour, overheads, administration, &c.), C;

+ The cost of energy per unit of production, C.

+ The cost of information (research, development costs, royalties, &c.) per
unit of production, C;

« The cost of the material, Cp,

These are combined as follows:

C=C

m

n nit

wo

C
+—d+i(cc +CJ+Ce +C,x

where n is the batch size, n is the rate of production (units per hour) and ty, is
the capital write-off time. [5]

i1) Cost varies with batch size as shown in the sketch:

L0555 ~OVER
WwhrTYT

CoST

Low DIE Co¢T
/ SLOW PRoOCESS

HT4R DT E CosT
[ RAPTO PRocESS

l‘o tot 10% lo* 105 10° [oF
BATCH SI2E

The curves differ because of the differing capital, die, and time-dependent

costs, and the rate of production. This leads to cross-overs, as shown, making

one process economic at low batch size and another at high. Die costs often
dominate at low batch sizes: the development of low-cost dies that can

survive a small batch run, avoiding the need for costly long-life dies, can

extend the economic range of a given process. [5]
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b) 1) When a problem has two objectives — minimising both mass m and cost C,
for instance ~ a conflict arises: the cheapest solution is not the lightest, and
vice versa. The best combination is sought by constructing a trade-off plot
(see sketch below) using mass as one axis, and cost as the other. The lower
envelope of the points on this plot defines the trade-off surface, and the
solutions that offer the best compromise lie on this surface.

To get further, we need a value function. Define the function
V=C+ Wm

where W is a constant (a weight factor) that defines the acceptable additional
cost to reduce the mass by 1 unit. The best solutions are found where the line
defined by this equation is tangential to the trade-off surface. (Note that a low
value of V' is more desirable than a high one.)
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ii) For problems involving two or more competing objectives, the relative
weighting of one objective with respect to each of the others must be
established. These weight factor are found in two principal ways:

1) By engineering analysis — for instance, by calculating the cost of the fuel
saved by reducing the weight of a vehicle by 1 unit;

2) By asking experts (or potential customers) for their best estimates, using a
structured interviewing technique. [5]
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Led  The turbofan will have tow or three shafts because of the need for the fan, due to its larger
diameter, to rotate at a lower rotational speed. This is needed because the pressure rise and
blade stresses (both proportional to blade speed squared) and Mach number (blade speed)
must not exceed certain limits. The pressure rise/Mach number limits exist due to the risk of
boundary layer separation, shock wave strength and noise.
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Elechncal Engineening Paper @ Section D

Cribs

Q10
a] mobility = velocity/field p = v/E _
considering a tube of current of velocity v that passes a point in 1 second,
current density = charge density x velocity = eN.v
v=uE
¢ =J/E = eNV/E = eNuE/E =eNp

2
b] N=4x(4.09x10"0) > =585 x10"* m"” .
.
o=Ney, so it = 6.3x107 /[5.85x10% x 1.6x10™° ] = 6.7x10” m*/V.s- |
(‘MS*"‘! ) ).
-~ Cs
¢ o=2x10"x1.6x10"°x6.7x 10° =0.21 ohm™ m™
d] equations needed are
P=VI
V=EL /
t=L/[uE]
W/L=c _
I=eNWduE where W, L, d are usual dimensions of channel.
So, substitute for W and E, -
P=V.I=V.eNcLdpuV/L = eNedpV?
V2=2/(1.6x10""" x 10%?x50x 10° x 0.1)=25
V=5V —« '[
Combine 2 and 3
L =pVt=0.1 x20x10"? x 5=10"
L=31x10°m -
Q { j Photoelectric effect. Minimum frequency for any electrons. Electron KE
! proportional to light frequency above this threshold, rather than to light intensity., as

expected from power density arguments. Current density proportional to light
intensity -

b] E = hv = he/A = 6.6.10°* x 3.10% 400 .10° = 4.95.10"° = 3.09 eV
c] ¢ = A exp (ik.x) + B.exp(-1 k.x)

E = h’k*/2m

Boundary conditions give

¢ = A’ sin(k.x)
k =nn/L



E = h*(nn/L)2m

d) Take the case of n= 1.
L =200 nm. Photon wavelength = 400 nm.
E=(1.05x10™* x 3.14 x 1/200x10” ) /[2x 0.9 x 10°°] = 1.5x102%J

=94x10% eV

small compared to photon.




a) The various etch steps used include removal of resist, insulator, polysilicon, silicon
and metals.

Wet etching:

This involves liquid chemicals to dissolve unwanted material to produce the required

patterns. Examples are given below. The exact mixture of the chemicals needed, their
temperature, degree of agitation etc all impact on the process. Generally we etching is
faster than dry etching but less controllable.

Examples:

Si etch, KOH + DI water 1:7 at 60°C — etch rate is around 0.5um per minute

Si0, etch — P-etch, a mixture of 15 parts HF, 10 parts HNO; and 300 parts DI water at
25°C. etch rate 2nm/sec.

Al etch — 1 part HNO3, 4 parts acetic acid, 4 parts orthophosphoric acid and 1 part DI
water — etch rate around 35nm/min,
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b) Phosphorus or Arsenic are possible n-type dopants. There are two main techniques
for doping either Diffusion or lon implantation.

Diffusion — simple and cheap but time consuming. Difficult to control the dopant
from spreading sideways.

Ion implantation — more expensive but faster and lower annealing temperature which
leads to less sideways spread and better control.

( | DIFFUSION

Quartz, polysilicon or Heaters

Silicon carbida tube // \
= w I — 1 C ~

Diffusion amblent gases

-
_Tl

L
Z1 C ] C ) |

Walers .~ Quartz, p_olyslllcon, or silicon carbide boat

The tube s heated by three zones of heaters lo between 800 and 1300 degrees C (typlcally).
The three zones are conlrolled so that the central portion of the tube has a very uniform
temperature (+/— 1 or 2 degrees C). Only the centre of the lube is used.

At the high temperatures in a dilfusion tube the dopant atoms that are concentrated near the
surface of the waler will redislribute themselves to be more uniformly spread (ie they wlil move
away from the surface and form a concentration gradient that becomes less, but deeper with time.
The high temperatures are necessary so that diffusion takes place in manufacturing, but not in use.
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Informadtion E\S\M@f g

Part Ib, Paper 8, Section E

“An Architecture for Wearable Computing”

()

(b)

(©

(d)

-A stateless client is simple

-State is not lost if the client crashes

-Creating new clients is easy

-Management of the server side is potentially easier because it is centralized
-Mobility comes “for free” because the client can be re-started at another
place with no difficulty

-Basic primitive is “put a rectangle of pixel data at a given X,y position”

-Initial interaction is
-Authenticate in some way if required
-Set up connection; server sends width and height in its “natural” format
-Client chooses pixel format and encoding
-Then _
-Client requests screen update
-Server sends screen update
-Client processes screen update
-Client sends keyboard and pointer events as they happen

-Raw encoding is where pixel data is sent in left to right scanline order
-Run length (RRE) encoding describes rectangle differences from a single
background colour rectangle

-Copy rectangle encoding is used where the client already has the pixel data
somewhere in the frame buffer; this is good when a user moves a window
across the screen

-JPEG

-MPEG

-The intrinsic design is that of a “suck” protocol hence data is only sent when
a client requests it. This means the amount of network traffic is minimised for
example when a fast server sends to a slow client

-The pixel data encodings reduce the amount of data sent and allow choice of
the most appropriate encoding for any stream

-Pixel data caching can be used at the client end

-Servers do not have to be workstation or computers
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(a) Benefits of multiprocessing:

e Better hardware utilization (using multiple peripherals in parallel)
e Can perform computation in “parallel” with peripheral processing
e It appears many processes are running in parallel

(multiple applications/background processes)
e Can switch to a new process when waiting for data/user input

The definition of each of the given process states is:

Running: Process is using the CPU and is being executed. There can only
be one running process per CPU in the system.

Runnable: Process could be run once the CPU is made available.
Blocked: Process is waiting for a resource to be made available.

A running process becomes runnable when it is pre-empted after consuming its
time slice. A running process may also become blocked if it tries to access a
resource that is not available, or while the data from the resource is being loaded.
A runnable process becomes running when it is scheduled to have access to the
CPU.

A blocked process becomes runnable once the resource it is waiting for becomes
available.

This is summarized in the following state-transition diagram:

Blocked

Process executes a WAIT or Event signaling blocking

accesses an unavailable activity is completed
resource

Process pre-empted or runs
out of timeslice

Runnable
<\

Scheduler selects process
to run next

The actions performed by the different scheduling policies are:

1) Round robin: A queue of runnable processes is maintained. When one
process finishes (either by yielding or being preempted), then the next



(b)

(c)

ii)

one on the queue is scheduled and the old process is moved to the end
of the queue. When a blocked process becomes free, it is added to the
end of the queue. Therefore, each process is executed in turn, in a
circular fashion.

Priority based: When the processor becomes available, the next
process to be run is the one with the highest priority. This priority may
be based on the amount of CPU the process used in the last time slice
(to provide some level of fairness), or may be arranged so that I/O
bound processes are given higher priority.

A preemptive scheduling mechanism is one in which a process can interrupt a
running one in order to be processed in a more timely fashion. It can also mean
that a process will be interrupted once it has used up its current time slice (to
avoid letting a process have permanent access to the CPU).

In a non-preemptive scheme, a process must yield the CPU to another process,
usually by an explicit system call. Also known as cooperative scheduling this is
harder to guarantee fairness between processes and can result in slower response

to events.

In a time-slicing system, a compute bound process will usually be pre-
empted from the processor, while an I/O bound one will usually yield
the CPU as it waits for I/O to be completed.

Round robin will favor CPU bound processes, as each process will be
given equivalent access to the processor. I/O bound processes will
usually yield; so will have to wait a long time between accesses.
Therefore, want to give higher priority to I/O bound processes as this
will allow them to handle I/O events in a more timely manner and they
will block quickly, giving the CPU back to compute bound processes.

1) A process is a heavyweight object consisting of a block of (protected) memory,
session details (such as allocated devices) and at least one thread of execution.

A thread of execution is one of the many paths that can be taken through the process.
It is a snapshot of the current location and the current contents of all the processor
registers. Multiple threads can operate within the same process space, sharing the
same memory region.

When switching between processes, the memory management unit will need to be
reloaded with the new memory information. This will also usually result in the cache
needing to be invalidated. As memory is shared between threads, switching between



them only requires the processor registers to be reloaded. It also does not invalidate
the cache.

As there is much less state allocated to a thread, it is more efficient to switch between
threads than. Hence they are sometimes known as lightweight processes.

ii) A WWW server potentially has many hundreds of concurrent connections
operating in parallel. It is an I/O bound process (disk and network I/O), so there is
frequent switching between these connections. It may also choose to cache frequently
accesses pages in memory to avoid slow disk accesses.

Due to the smaller descriptor required for each thread, a more memory efficient
implementation would be possible than when using processes. Similarly, being an I/O
bound application it would be more efficient to switch between threads when they
rapidly block on I/O. Finally, sharing a single memory image between multiple
threads allows them to share any cached information, rather than require multiple
copies of the data, saving memory and avoiding disk I/O to load multiple copies.
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(a) In the fat model, the user carries all of their equipment around on their body. A
large number of applications would run directly on the hardware, communicating
via a bodynet. This avoids reliance on networked infrastructure and can be used to
augment human senses. However, the weight and discomfort are an
inconvenience, and the appearance can be off-putting.

In the thin model, the user carries the minimum amount of hardware, perhaps only
a token to identify them to the system. Because the system knows who they are,
existing computing resources can be tailored to that user without them belonging
to the user — ubiquitous computing. However, rely on existing infrastructure and
usually need wireless networking for ease of communication.

In the fat model, the user carries around their device, so therefore carries all of
their information with themselves. This makes it very secure. If they have an
augmented display, then only they can see the information. The device does not
need a network connection, so the only security threat is from theft of the device
(which loses all of the information).

In the thin model, minimal information is contained in the tag. However, this
means all information must be available to all devices so they can be
personalized. Sharing a device also allows other people to see the information.
Stealing the tag can allow someone to pretend to be someone else.

(b) Wireless networks provide only an intermittent connection to the main network.
The quality of connection (bandwidth, bit error rate etc) is generally lower than a
wired connection. Range is limited, so there may need to be handover between
cells, requiring a complex protocol. May also need to handover between different
networks (802.11 for in-building and GSM for wider area); these may provide
different qualities of service, so applications may need to adapt. Peer-to-peer
networking between devices is more complicated (for example, Bluetooth needs a
rendezvous mechanism to synchronize devices before they can communicate).

Discovery of devices/services is problematic (but may be helped with a
distributed object layer offering brokers, etc).

TCP/IP may not be the best network protocol because it presents a complex
implementation and may not fit in the limited resources available in the mobile
device.

An application-specific protocol can be optimized to perform specific tasks; can
be made more efficient.



The networking overheads (additional information in the packet) may also not be
appropriate given the limited available bandwidth.

Many benefits of TCP may also be redundant depending on the physical layer —
for example GSM packets are already reliable, so an additional layer is
unnecessary.

Addressing can be problematic — based around fixed IP address rather than any
concept of a service. Need to add these layers on top of the basic protocol (e.g.
distributed object broker).

When not transmitting or receiving, the wireless network can switch to a “sniff”
mode, where it periodically checks for a network connection. This gives slower
response, but reduces duty cycle and hence power. RSSI information can be used
to detect approximate range of destination device and the transmit power could be
reduced. In favorable signal conditions, the network can also transmit at a higher
bit rate for a shorter time, allowing the transmitter to overall use up less power.

The operating system can maintain a list of which processes are using the wireless
network and once no applications are using it, it can be turned off to conserve
battery power.

To conserve power in other parts of the system, devices may be turned off when
they are no being used. The processor can be halted when waiting for I/O to
complete or when it is idle. The backlight on an LCD display can be reduced, or
even turned off when not being interacted with. The voltage of the device can be
reduced to lower power consumption — this can either be stepped or proportional
to the work queue.

Reliability can be enhanced using memory protection — preventing one process
from gaining access to another processes memory area or to privileged areas of
memory such as used by the OS or devices.

Garbage collection and automatic resource recovery can help badly written
software from crashing a system by avoiding the system running out of resources
over time (especially memory; see JAVA).

Watchdog timers can be set before starting critical or dangerous tasks that may
lockup the system. If a timer is not reset after a particular time period, or if the
system is deadlocked or live locked, the timer interrupts will occur and can reset
the system back into a known valid state.



User mode and privileged mode can prevent badly written software from
accessing dangerous areas of memory, such as reconfiguring a device or the
MMU. A switch from the ‘safe’ user mode is made during an operating system
call and allows the trusted OS to have full access to the system whilst maintaining
safety and security.

To support memory protection, the system needs to support some sort of memory
management unit. This does not need to be a full paging system, but can just
support a base and limit register.

A watchdog timer requires a timer with an interrupt.

User and privileged modes require support by the CPU and MMU, so that only
certain operations can be carried out in certain modes.
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