
EE245, Fall 2001

Homework 2 solutions

problem 1:

First of all we know that
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(assumeHooke’s Law), where
�

is Young’s modulus,
�

is the strain,and
�

is
thestress.So

�
is thestrainlimit at thebreaking point. And, we know that

�
is in theunitsof pressure.Pressureis

force/area.
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Soif my mass� is 50kg, then
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s� and # is thecross-sectional areaof thewire.

For a roundwire, # � $%�'& �( . Soplugging it all in,
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problem 2:

Usingthesameformulaasabove, �)�*�+���,� � � �
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problem 3:

Herewearegoingto ignoresomeof thebiological aspectsinvolvedin themaking of spidersilk. Let’s justassumethat
thespider’s “silk making volume” is full of thesilk protein,andthat thereisn’t muchvolumechangeastheprotein
polymerizesinto thethread.

bodyvolume is < �	
=� mm >
the“silk-making volume” <@? � # �=A 6 whereA is thethreadcross-sectional area,L its length.
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problem 4:

Herelet’s assumeHooke’s law again,
�

is Young’s modulus of thematerial,
�

is thestrainlimit,
�

is thestress.
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where X is thedensityof the thread, # its cross-sectional area,

A
its length, and � is theaccelerationdueto gravity,

whichwill varywith theplanetonwhichonestands.
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problem 5:

According to theMEMS Clearinghouseat ISI (mems.isi.edu), theYoung’s modulusof bulk aluminum is E=70GPa.
For thin films of aluminum,theYoung’s modulus will range from 47.24-70GPa.

problem 6:
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And weknow thatthereis a1V excitationon thebridge, so < ��

Theminimum possibleoutputvoltagefrom thebridgeis
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Themaximumpossibleoutput voltagefrom thebridge is
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Noticethat theminimumandmaximum output swingon theWheatstonebridgearenot thesame.This is dueto the
factthatthebridgevoltageis nota linearfunction of theresistancechange. For smallsignals(smallresistancechange)
wewouldexpect thatthebridgeoutput

h
V/V wouldbeequal to onefourth of theimpedancechange

h
R/R,or

h
C/C.

If thebridgeresponsewerelinear, thentheoutput change in problem6 would have been
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mV, andfor
problem7 theoutput wouldhavebeen
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mV.

problem 7:

For capacitors, � � Mp���� and � � _ �&
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Themaximumpossibleoutput voltagefrom thebridge is
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problem 8:

Sheetresistanceis given by
i ? ��� z where X is the resistivity of the materialand � is the thicknessof the sample.

Pleasenotethat X is theresistivity of thematerial!(above I usedthesamevariable to denotedensity)
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Resistance
i � i ?S�� where

A
is thelengthof thewire and � is thewidth of thewire.
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problem 9:

This problem saysthatwe shouldestimate.Soa quick searchon thewebtells usthat the42 million transistorson a
modern microprocessorsuchasthePentiumIV canbefound on a

9�
�
mm C die manufacturedon a

���E
="�2
m process.

Thatgives14.7mm persidefor a square. Thereare10 levelsof densewiring with 0.5
2

m line/spaceon eachlayer.
This meansthateachwire is 0.5

2
m wide andis 0.5

2
m away from its next neighbor. In a 1

2
m wide rectangle there

is roomfor onewire andonespace.

If thechip wasnothing but wires,we couldhave 14,700 wireson eachlayer, each14.7mm long. For 10 layersthat
gives147,000wiresanda totalwire lengthof:
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If thechipwashalf wires,thelengthwouldbe1.08km!
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