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1. For a linear chain in which the alternate atoms have mass m; and m; (m; >> m3), and

only nearest neighbor interaction K, make a plot of vibrational frequencies. Also discuss

about the change of frequencies when m; = m,. (20pt)
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In order to have non-trivial solution,

det ml.a)2 —(K1.+ K,) %K, +e™™K,
€K, +e K, m,»’ (K, +K,)

[ (0 6 (6,416} ~(62K, 2 2K, 6K, e i) <0
mm,@* —(m +m,)(K +K,)o® +(K, +K, )’ — (KK + K? + K + K,K,e ) =0
mm,o’ —(m +m,)(K, +K,) o’ + 2K K, (1-cos2ga) =0

Form the quadratic equation,
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K(m,+m,)+ K\/(ml+m2)2—4mlmzsin2qa

m,m,

a)_i\/K(ml+m2)J_r K\/(m1+m2)2 —4mm, sin® ga
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For m,>>m,, o~ |—*— = |— or 0.
m, m, m,

2K +2K/1-sin?
For m =m,, a):\/ oIn 98

m

To compare the effect of the mass (mi), assume M, =1, K=1,a=1 and three cases were plotted
below.

i) m =m,
i) m, =3m,

i)  m >>m, (m =1000,000m,)
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Figure 1.1 Vibrational frequencies

As shown in the figure, when m; >> my,, it converges to @ =

2K

— or w=0. Also, it shows the

m,

lower boundary whereas m;=m; presents the upper boundary of the angular frequency. Moreover, the

T

T
1* Brillouin zone is presented from —— t0 —.
2a  2a

# Matlab code

o\
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o® o o

clc
clear

q = linspace (-2*pi/ (2*a),2*pi/ (2*a),1000);
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o\©

ml = m2

1 = m2;

Optical 1 = sqrt((2*K+2*K*sqrt(l-sin(g*a).”2))/m2);
Acoustic 1 = sqgrt((2*K-2*K*sqgrt (l-sin(g*a).”2))/m2);

3

clear ml
% ml = 3*m2
ml = 3*m2;

Optical 2 = sqgrt((K* (ml+m2)+K*sgrt ((ml+m2)"2-
4*ml*m2*sin(g*a).”2))/ (ml*m2));
Acoustic 2 = sqgrt ((K* (ml+m2)-K*sgrt ((ml+m2)"2-
4*ml*m2*sin (g*a).”2))/ (ml*m2)) ;

clear ml

% ml >> m2

% Optical 3 = sqgrt(2*K/m2) *ones (length(qg),1);
% Acoustic 3 = zeros(length(q),1);

ml = 1000000*m2;

Optical 3 = sqgrt ((K* (ml+m2)+K*sgrt ((ml+m2)"2-
4*ml*m2*sin (g*a) ."2))/ (ml*m2)) ;

Acoustic 3 = sqgrt ((K* (ml+m2)-K*sqrt ((ml+m2)"2-
4*ml*m2*sin (g*a) .”2))/ (ml*m2)) ;

figure (111)

plot(g,Optical 1,'k")

hold on

plot (g,Acoustic 1, 'k--")

plot (g,Optical 2, 'b")

plot (g,Acoustic 2, "b--")

plot(g,Optical 3,'r")

plot (g,Acoustic 3, "'r--")

grid on

xticks ([-pi/a -pi/a/2 0 pi/a/2 pi/al)

xticklabels ({'-\pi/a', '"-\pi/(2a)', '0', "\pi/(2a)', "\pi/a'})

xlabel ("q'")

x1im([q(1) q(length(q))])

ylabel ('frequency (\omega)')

legend ('Optical mode (m 1 = m 2)','Acoustic mode (m_1 = m 2)','Optical
mode (m_ 1 = 3m 2)','Acoustic mode (m_1 = 3m 2)','Optical mode (m 1 >>
m 2)',"Acoustic mode (m 1 >> m 2)"'")
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2. Image processing project. Send your results with your Matlab code. (80pt)

#2 Particle size analysis of 2D SEM image of silica fume

100nm NCIRF 8/23/2016
x30,000 10.0kV LED SEM WD 10.0mm %30,000

100nm NCIRF 8/23/2016 -
x30,000 10.0kV LED SEM WD 10.0mm x30,000

Figure 2.1 Silica fume®] ¢& SEM ©°]7]#|

219] Figure 2.17 & 47%2] SEM o|n|#] &A1& F31o] silica fume®] YA} Z7] 4]

100nm NCIRF
10.0kV LED

i

100nm NCIRF
10.0kV LED

(c) SF4 (d) SF7

HW#5

8/23/2016

SEM WD 10.Omm)|

8/23/2016
SEM WD 10.

Omm

pixelsize = 100/32; % nm
%% Read reference image
I = imread('SF2.jpg');

% figure, imshow (I)
[nRows nCols] = size(I);
nPix = nRows*nCols;

S et JA] A== 3.1250m 0|, gray ©|v]A]o]t}, ojujx] FEAJof kA Zh
oju A HB 7} A3l o}FFH o] edge detectionol] FHFS = F UASLBE, o]E T}
o Zebidtt. A wiEolv] A § e Tl ol AV|E Feleta, tE oA
5 Y 712 gAY (Figure 2.2).

%% Advanced construction materials

% HW#5 Image Processing

% #2 Particle size analysis of 2D SEM image of silica fume

% 2018-31976 Kyoung-Min Kim

clc

clear
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%% Cut image

position = min(find(I(:,1)==0));
I2 = 1I;

I2 (position:nRows,:) = [];

% figure, imshow (I2)

[nRowsI2 nColsI2] = size(I2);

e @
100nm NCIRF 8/23/2016
10.0kV LED SEM WD 10.O0mm|

(2) SF2 9% o]1] =] (b) A2} o] x|

Figure 2.2 SEM ©o|w|#] < &1

T oA =S 3] M X (gray) ©IVIAIR edge’t FEUAA 7] wiEol] olw|A| o] thH]
5 =2 § HHY 3JFal edge detections T3S TH (Figure 2.3). ©|v[A| ] tiv]&= RE
A k] 59 1% 39 1%E saturate A 7] ‘imadjust’ & AF8-SFS T (Figure 2.3 (b)).

JHYL EFHAE 172 3= 2319 718~ g E A}%s}oﬂ o™ Figure 2.3 (c) ¢ &
o] Yepdtt 7hg-2 dE O V&g FHAE 0.501 A%, 0.55 AREE AH9- oA <]
wol=7F AgEtAl Holdle] edge detection®] A UI= —r?@ﬂx] %7 wio XFEHAE
172 o] A&kl

7t~ AEE o] g3t ZHEY §F canny WHES AFSSFY] edge detections 33}l Th
(Figure 2.3 (d)). Edge detection =3 $, WEX]&©| 2pixelQ] disk FE} 2] structure elementE A}
&35} edgeEs BAAIZ morphologyoﬂ/}}?l ‘bridge’ ¢} ‘close’E F3ll YA edges A
2 D FHAFAIF Y (Figure 2.3 (e)). Morphology 4t 533 /\] n=inf® Fo] o]n Ao W37}
Sl w7bA Arks WSSt ©] % morphology A4t shtel ‘thin’= AR&3lo] edge
5 7t=A ©Eo FAT (Figure 2.3 ().

%% Edge detection
listing = dir('silicafume/*Jpg');

nFiles = numel (listing);

% nFiles = 1;

for k = 1l:nFiles
tic
Is{k} = imread(['silicafume' '/' listing(k) .name]);
Is{k} (nRowsI2+1l:nRows,:) = []; % Cut images

Is2{k} = imadjust(Is{k}); % Contrast adjustment

% Filtering
Is filtered{k} = imgaussfilt(Is2{k},1.7); % Gaussian filtering with

6
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standard deviation 1.7
% Find edge (Canny)
[E{k} threshOut{k}] = edge(Is filtered{k}, 'canny');
figure, imshow (E{k})
title('canny")

o)

% Dilation with structure element
radius = 2; % radius of structure element
h = strel('disk', radius);

E dilation{k} = imdilate(E{k}, h);

% Morphology operation
E bridge{k} = bwmorph(E dilation{k}, 'bridge',inf);

E close{k} = bwmorph(E bridge{k}, 'close',inf);
E thin{k} = bwmorph(E close{k}, 'thin',inf);
Edge{k} = 1-E thin{k};

I11{k} = Is{k}(:,:); I11{k} (Edge{k}==0) = 0;
figure, imshow (I11{k})
CC = bwconncomp (Edge{k},4); % Connecivity
stats =
regionprops (CC,Edge{k}, 'Centroid', '"MajorAxisLength', "MinorAxisLength');
% Find particle propeties
for 1 = 1l:size(stats)
centers{i} = stats(i).Centroid;
diameters{i} = mean([stats (i) .MajorAxisLength
stats (i) .MinorAxisLength],?2);
axisratio{i} = stats (i) .MajorAxisLength/stats (i) .MinorAxisLength;

if axisratio{i}>1.9

centers{i} =[];
diameters{i} = [];
else
centers{i} = centers{i};
diameters{i} = diameters{i};

end

if diameters{i}>180

centers{i} =[];
diameters{i} = [];
else
centers{i} = centers{i};
diameters{i} = diameters{i};
end
radii{i} = diameters{i}/2;
hold on

viscircles (centers{i},radii{i}, 'linewidth',1);
plot (centers{i})
hold off
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end
dias{k} = 10"-3*pixelsize*cell2mat (diameters); % micrometer
numbers{k} = axisratio;
toc
end

(d) Cany edge dettion

SRS H \ £5QY )
(e =) ST A

b B RPN o OTT0 S Re N

(e) Dilation % morphology 14} (f) Morphology 14} (thin)

Figure 2.3 SF102] edge detection 53§ ¥}7
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©] % Figure 2.4 o] YEPt A7} Zo] edges AL YA Fito] EF (3 A)o] ¥
= oto] oy 9 FPo] HEE YHFIUL S =20 olm X9 3 vEhH
Figure 2.5¢} ZT}. Figure 2.5 4 &1t = l%ol, 7 YA edge’} & YEhd AS &

T At

dAFe] A7, 94 & 99 A BR F0S A= ‘regionprops’S AFEE 7 e
gl o]& Al&3s7] A & 8k connectivity®] A o] AFFolth
A olm A o] A gk ]l edge® thr o] S17] wiEell connectivity= 45 AR
&t

Silica fume YAH= 2D ©o|w| A A UF & Hal
o] ‘regionprops’ = H-H 7} g9 A, FHI &
o w7k 2 A= dATE obd wid 94
3 @59 87k 194 4 ovle=d

3}

9] dolg dojlly. ojul, 53
S YeERE=R, Ao A Aol gttt

A SEM olu| A= ZF fdAtEe] 7HH
A el Y5 o]Fa YA Form=E T3S 197 dAS Y 19 Bu 2 A= 2
o A A|QlatA Tt w3 wo g Felslylol Ad Z AR H o] thEF 180 pixel O] 2=,
olnt} & AfoE AA JATF obd HiH S YERNA o] o] JAl A A x
Sl =

- =
=

"l

Figure 2.4 SF10°] edge detection ©] M| %]
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(b) SF2 edge dtection
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(d) SF7edge deection

Figure 2.5 tiH] Z=A o|v] =]} edge detectionZ}2] W]l

11
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Aok FE AAE Fa ol G %’37‘44 A5 o]&sto] oln A o] Yo
YUEFN ™ image processing®. 2 detectingdt Y AHES Figure 2.6 o] 81t 4= Qit}, 7t

zke] olu|Alof thste] gl (PAH 7H—r/°ﬂ°ﬂ4 M= 242 obel e Table 2.13 #Zt.
ol uf, =3 @59 HE A&l Hfg Aol TS edgeE FEREUFANE =
Stal edge=ol =Rl vl o] AF dAE AAH= ARl AT
detect ¥ YAFE2 9007 ol/felar, 23 AE YRES Mee FH R A
7] w&Eo] AR 7] B Z S Fx LS Aolgt kst

%
Table 2.1 Edge detection .= 1% (J=Fe] 7N/ 92 7l4)

SF10 SF2 SF4 SFE7 Total
968/1190 948/1190 950/1190 980/1219 3846/4789

(d) SF2 938 A %A

(e) SF4 edge detection ©] W] *] () SF4 93 JA} EA]

12
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(g) SF7 edge detection ©]H]| A (h) SF7 €38 Ak 1A
Figure 2.6 Edge detectione &3+ A} detection

AR QR AR E pixel size FEFO] 2L oAk 7 olul el A Pape] Aol

o)

%% Histogram

for j = l:nFiles
nbins = 200;
figure (100), subplot(2,2,3), hist([dias{j}],nbins)
hold on
set (gca, 'xscale','log")
xlabel ('Particle diameters, {\mulm')
ylabel ('Number of particles')
axis([10~-2, 1, 0, 801);
xticklabels({'0.01", 'O.1", '1', '"10'})
title(listing(j) .name)
grid on

end

dias _all = [dias{1l} dias{2} dias{3} dias{4}];
nbins = 200;

figure, hist(dias_all,nbins)

set (gca, 'xscale', "log")

xlabel ('Particle diameters, {\mu}m')

ylabel ('"Number of particles')

axis([10"-2, 1, 0, 2501);
xticklabels({'0.01"', 'O.1"', "1', '10'"})

grid on

mean dias = mean(dias all)

13
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Figure 2.8 Image processing= &3l &

14



