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1. HiekTpiko povpo kovti: AtcOnmpoc peratomonc pe faon
YO PNTIKOTNTO

[a éva mokvet) yopntikémtag C o omolog sivar pépog (eEGpTnua) evOg TAAAVTMOTH TOV OO0V ™
ovyvotnta taAdvtoong eivar f , n oxéon peta&y f ko C givan

Onov a eivon o otobepd ko C, yopntikdtnta dtucmopds tov KukAopatds pog. H cvyxvotnta f
umopet va mapakorovdeitar pe tn fondeia evog ymelaxkon LeTpnT| GLUYVOTNTOG.

To nAexTpiKd pawpo kovti Tov Gog diveton o avTd TO TEIpOUO Eivol VOGS TUKVAOTAG UE TUPAAANAES
mAakeg. KaBe mhdxa amotedeiton and Eva aplud KpOV SOVILOV TOL 1010V YEMUETPIKOD GYNLUATOG.
H tuf tov C pmopel vo petafdiretarl petokivovtag opilovtia v Tove TAAKE 6€ 6YEoT UE TV
Kéto TAdko. Meta&h Tov 000 TAUK®V VITAPYEL £VAL GOAO OO SINAEKTPIKO DAKO.

Yk kor Opyove: Tolaviotg, YneloKo TOADUETPO Y10, LETPNON TG GLYVOTNTOS TOV TAAUVIMTY,
GET OO TUKVOTEG YVOGTNG YOPNTIKOTNTOC, £VO NAEKTPIKO HLODPO KOVTL KOl Lo, UroTopioL.

IIpocoyn: EAéyEre v TdOoM TG praTapiog Ko CNTHGTE KOvovpLa av 1] Taon givol pkpotepn
and 9 V. Mn Egydoete va avoileTe TOV O10KOTTY).
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Hlektpikol axpodékteg
TPOG TIG TAGKES

Hlektpikd pavpo kovri:
[Mukve g pe mopdArnieg TAGKES

Kvlopevn endvo
TAQKO

AlokoTTNG |

Zouyvotnta €£660v | AKPOIEKTEG Y10 TUKVAOTES |

| -
EIKONA 1

EIKONA 2 UKthég
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H 6¢om ywa 116 petpnoeig
GLYVOTNTES

EIKONA 3 ¥notoxd ToAOUETPO Yl T HETPNGT THG GLYVOTNTOG

IMINAKAZ 1 OvopooTtikég TIHES YOPNTIKOTNTOG

Kodwkog Twn
YOPNTIKOTNTOG
(pF)
33J 34+ 1
68 68+ 1
82J 84+ 1
151 150+ 1
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Mépog 1. BaOpovopnon

No whpete petpfoelg e ovyvotntas f yia Toug TUKVOTES YVOGTNG YOPNTIKOTNTOC.
2xedlaoTe KATAAANAT YPAPIKY| TAPAGTOCT Y10 VO VITOAOYIGETE TIG TIHEG TOV & KOl
C, . Aev amorteitatr avdAvon GOOALATOV.

[3.0 points]

Mépog 2. Evpeon g YEOUETPIKNG HOPONS TOV TUKVOTH HE TIS TOPAAIAES
TAGKES
[6.0 points]

Atvovtan ot Tpeic mBavég yeopetpikég popeés, Mopen I, Mopoeny 11 koau Mopon II1
OM®G 0KoA0VOMG:

wouw

upper plate slide in and out

upper plate slide in and out
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lower plate

3w —

upper plate slide in and out

IMa kdBe yeopetpkd oynuo, vo yopaEete TV avVOUEVOLEVT YPAPIKT TOPAOTOON TNG
yopntikotntag C oe cuvaptnon g 0€omg ¢ mhve TAAKAG 6 GYEoN UE TNV KATM
nAdka. No mhpete eniong perpnoeig g cvyxvomtoag f oe oxéon pe t 0éom g
Thve TAdKAG ©G TPOG TNV KAT® TAGKA. N yopaEete YpaQIKes ToPUSTAGELS Kl OO
OVTEG VO TPOGOLOPIGETE TO YEMUETPIKO GYNLO TOV TAOKDOV TOL TUKVOTH OTMS KoL TIG
daotdoelg (tyés tov peyebov b kor w). H andotaon (d ) peta&d tov dvo mhakdv
elvar 0,20 mm. To @UAAO amd SMAEKTPIKO LAIKO HETAED TV 000 TAOKAOV £)el
dmAektpwkn otabepd K =1,5. H OJdwmAektpwn otabepd tov Kkevoy elvon

£, =8,85x10"" F.m™'. Agv amarteitor ovéAlvon cQaApbToV.

Mépog 3. Avarivon ynowoknig padpovopnong
[1.0 point]

Kabog petafairetor n oxetiky] 0éom tov 000 TAPAAANA®V TAAK®OV TOL TUKVOTH, M
YOPNTIKOTNTO UETAPAAAETOL HE ol TTEPLOOKOTNTA. AVTH 1 Odtaén pmopel va
ypnotporombel cav ynelokodg LETPNTNS Tov UNKoVS. Otav 0 TuKVEOTHS TapIAANA®Y
TAOK®OV GE OUTO TO TEIPALO XPTOLUOTOLEITOL G YNOLOKOS LETPNTNG, TPOGIOPIOTE
amd To TEWPOUATIKE OEGOUEVO TOV HEPOLS 2 TNV OVOALGT TOV, ONANON TNV UIKPOTEPT
andotacn mov pmopet va petpnBel yuoo v tun g ovyvotnrag f ~5 KHz . Agv
OTOLTEITOL EKTIUNON GPAALOTOC GTNV TEAIKY] OTAVTNON.



>

International

Experimental Competition: 14 July 2011

Rt I Question 1 Page 1 of 7
Part 1. Calibration
From the relationship between f and C given,
I=% f C, % B éc * %

That is, theoretically, the graph of %on the Y-axis versus C on the X-axis should be linear of

. . . C .
which the slope and the Y-intercept is 1 and —= respectively.
« «

The table below shows the measured values of C' (plotted on the X-axis,) f and,

additionally, % which is plotted on the Y-axis.

C (pF)

f (kHz)

1/f (ms)

33
68
82
151
233
219
184
150
115

101

13.94
8.30
6.99
4.17
2.79
2.98
3.48
4.20
5.24

5.89

0.0717
0.1205
0.1431
0.2398
0.3584
0.3356
0.2874
0.2381
0.1908

0.1698

1/f (1/kHz)

0.4000
0.3500
0.3000
0.2500
0.2000
0.1500
0.1000
0.0500
0.0000

1/f vs. C graph

y =0.0014x +325&/ —

50 100 150 200 250

C (pF)

C
From this graph, the slope (l) and the Y-intercept (—) is equal to 0.0014 s/nF and 0.0251
« «

ms respectively.

Hence,

and

=1 = L = 714 nFls
slope  0.0014 s / nF
c. = Y — intercept _ 0.0251 ms ~17.9pF as required.
slope 0.0014 s / nF
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Part Il. Determination of geometrical shape of parallel-plates capacitor

PATTERN I: The expected graph of C' versus the position
C

w 2w 3w 4w 5w Distance

PATTERN II: The expected graph of C' versus the position

w 2w 3w 4w 5w Distance

PATTERN I11: The expected graph of C' versus the position

C

w 2w 3w 4w 5w Distance
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By measuring fand C versus z (the distance moved between the two plates,) the data and
the graphs are shown below.

x (mm) | f(kHz) C (pF) x (mm) | f(kHz) C (pF)
0 7.41 77.9 30 4.94 126.1
1 8.09 69.8 31 5.52 110.9
2 8.64 64.2 32 6.19 96.9
3 9.30 58.3 33 6.48 91.7
4 9.30 58.3 34 6.64 89.1
5 8.21 68.5 35 5.72 106.4
6 7.02 83.3 36 5.08 122.1
7 6.40 93.1 37 4.39 144.2
8 5.98 100.9 38 4.06 157.4
9 5.91 102.4 39 3.97 161.4
10 6.38 93.5 40 4.32 146.8
11 6.96 84.1 41 4.86 128.5
12 7.61 75.4 42 5.33 115.5
13 8.40 66.5 43 6.05 99.6
14 8.20 68.6 44 5.98 100.9
15 7.13 81.7 45 5.14 120.5
16 6.37 93.6 46 4.47 141.3
17 5.96 101.3 47 3.93 163.3
18 5.38 114.3 48 3.74 172.5
19 5.33 115.5 49 3.64 177.7
20, 5.72 106.4 50 3.93 163.3
21 6.34 94.2 51 4.30 147.6
22 6.85 85.8 52 4.91 127.0
23 7.53 76.4 53 5.46 112.3
24 7.23 80.3 54 5.49 111.6
25 6.33 94.3 55 4.64 135.4
26 5.56 110.0 56 4.07 157.0
27, 5.36 114.8 57 3.62 178.8
28 4.73 132.5 58 3.36 194.1
29 4.53 139.2
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10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

f vs. x graph

f (kHz)

I 7

X (mm)

250.0

200.0

150.0

100.0

50.0

0.0

Cvs. x graph

C(pF)

X (mm)
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From periodicity of the graph, period = 1.0 cm

Simple possible configuration is:

«-0.5cm

«—>
1.0cm

The peaks of C' values obtained from the C' vs. x graph are provided in the table below.
These maximum C' are plotted (on the Y-axis) vs. nodes (on the X-axis.)

node C_max

1 105.1

2 1186 200

3 139.5 180

4 163.7 160

5 182.1 140
120
100
80
60
40
20
0

g C_max vs. Node graph
x
4
o /‘
/ y = 19.924x + 82.04
Node
0 1 2 3 4 5

This graph is linear of which the slope is the dropped off capacitance AC' = 19.9 pF/section.
Given that the distance between the plates d = 0.20 mm, K = 1.5,

AC ~ KsOA’
d
and A = 5x10°m x bmm x10° m?
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AC d

Then, b mm = ; — ~ 60 mm if medium between plates is the
Ke, x10° x5x10°°

dielectric of which K = 1.5.

Part 111. Resolution of digital micrometer

From the given relationship between fand C, f = e
C+C,
Af =Y ac = |—" |ac
dC (C+C,)
f2
=—AC
(03
& AC = %Af

And since C linearly dependsonx, C =mz+3 = AC=mAx.
Hence,

«

mf’ A

where Af is the smallest change of the frequency f which can be detected by the multimeter,
x,is the operated distance at f =5 kHz, and m is the gradient of the C' vs. = graph at

=2

Az =

0"

From the f vs. x graph, at f =5 kHz, The gradient is then measured on the C' vs. x graph
around this range.
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Cvs. x graph 2
250.0
200.0 Y
- X g L 4
y = 17.455x - 504.54 ¢
L R 4
150.0 ll_!‘ & *
T R ¢ *
2 L 4 * P L 2
%) . - ‘“‘ o o 0“ o
000 e ¢ e ¢ %]
” o e
50.0
0.0 T T T T T T 1
0 10 20 30 40 50 60
x (mm)

From this graph, m = 17.5 pF /mm =1.75x10"°F /m.
Using this value of m, f =5 kHz,«a = 714 nF/s, and Af = 0.01 kHz,

-9
r= 74 x10 % (0.01x 10°) = 0.016 mm

(1.75x10°°) (5 x 10°)?
NB. The C' vs. x graph is used since C (but not f) is linearly related to =z .

Alternative method for finding the resolution
(not strictly correct)

Using the f vs. zgraph and the data in the table around f = 5 kHz, it is found that when f is
changed by 1 kHz (Af =1 kHz,) x is roughly changed by 1.5 mm (Az ~ 1.5 mm .) Hence,

when f is changed by Af = 0.01 kHz (the smallest detectable of the change,) the distance

moved is Az =~ 0.015 mm.
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