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APPENDIX I 

MATLAB Programs used for calculation of Mie Coefficients and Efficiency for Core-Sell 

Nanostructures: 

Mie Coefficients 

function result = Miecoefficients_xy(n1,n2,a,b) 

%calculation of Mie coefficients xq,yq of orders q=1 to qmax; value of size %parameters a=k*x and b=k*y where 

k=(2*π)/λ=wavenumber of the surrounding %medium; n1=refractive index of inner medium (magnetite) with radius 

‘x’, %n2=refractive index of outer medium (gold/silver) of radius ‘y’  

 

n1=1.938; n2= 0.1734+i*5.7092; a=0.003488889; b=0.017444444;  

v1=n1.*a;                               %v1,v2,v4 =%Bessel function arguments 

v2=n2.*a;                                    

v3=n1.*b                                     

v4=n2.*b; 

m=n2./n1;        

qmax=round(2+b+4*b.^(1/3));    %infinite series truncated after qmax       terms     proposed by Bohren 

and Huffman (1983) 

MAXIMUM=max(abs(v3),abs(v4));                                           

qstart=round(max(qmax,MAXIMUM)+16);     %finds initial value of q for Dq(v) 

q=(1:qmax);                                

der(qstart)=0+0i; v=v1;        %Dq(v)is log derivative of 

                                                            %psi_q(Bessel fn), 

for p=qstart:-1:2                                                                    %loop for the calculation of Dq(v) 

%using reccurence formula; p varies 

%from qstart to 2 with increment -1 
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der(p-1)=p./v-1/(der(p)+p./v);          %derivative of p-1=der(nstart-1), der 

    %(nstart-2)........der(1),der(2).  

end;  

derv1=der(q);                          %a column matrix Dq(n1a) is obtained 

   %with elements der(1),der(2) upto 

   %der(qmax).                                                                                   

v=v2;                                  %loop for calculation of column matrix  

   %Dq(n2a),v2=n2a 

  

for p=qstart:-1:2       

    der(p-1)=p./v-1/(der(p)+p./v); 

end;  

derv2=der(q);  

v=v4;                                  %loop for calculation of column matrix  

   %for Dq(n2b),v4=n2b 

 for p=qstart:-1:2       

  der(p-1)=p./v-1/(der(p)+p./v); 

end; 

derv4=der(q);       

%The values of logarithmic derivatives of psi and chi (Bessel functions) %Dq(v) have been calculated above. 

%calculation of psi,gsi and chi functions and their derivatives 

qt = (q+0.5);  

sqrootv2=sqrt(0.5*pi*v2); 

sqrootv4=sqrt(0.5*pi*v4); 

sqrootb=sqrt(0.5*pi*b) 

bessel1v2=sqrootv2.*besselp(qt,v2);    %computation for first kind Bessel 

   %function Jq(n2a) 
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bessel1v4=sqrootv4.*besselp(qt,v4);    %calculation for first kind Bessel 

   %function Jq(n2b) 

bessel1b= sqrootb.*besselp(qt,b);      %calculation for first kind Bessel 

   %function Jq(b) 

bessel2v2=-sqrootv2.*besselb(qt,v2);   %second kind bessel function Yq(n2a) 

bessel2v4=-sqrootv4.*besselb(qt,v4);   %second kind bessel function Yq(n2b) 

bessel2b=-sqrootb.*besselb(qt,b);      %second kind bessel function Yq(b) 

sphbessel1b=[sin(b), bessel1b(1:qmax-1)]; %spherical bessel function Jq-1(v), 

   %J0(v)=sinv/v 

sphbessel2b=[cos(b), bessel2b(1:qmax-1)];  %Spherical Bessel fn Yq-1(v),  

   %Yo(v)=-cosv/v 

hankelbq=bessel1b-i*bessel2b;          %hankel function hn(z)=Jq(v)+i*Yq(v) 

hankelbq_1=sphbessel1b-i*sphbessel2b;  %hq-1(v) =Jq-1(v)+i*Yq-1(v) 

 

%calculation of Aq and Bq 

Dv1=m.*derv1-derv2; 

cv2=derv1./m-derv2; 

ev2=bessel1v2./bessel2v2; 

ev4=bessel1v4./bessel2v4; 

fv1=Dv1.*ev2./bessel1v4; 

gv1=Dv1.*(bessel1v4-bessel2v4.*ev2)+(bessel1v4./bessel1v2)./bessel2v2; 

lv2=cv2.*ev2./bessel1v4; 

tv2=cv2.*(bessel1v4-bessel2v4.*ev2)+(bessel1v4./bessel1v2)./bessel2v2; 

P1=fv1./gv1; 

Q1=lv2./tv2; 

%calculation of Dq tilde and Gq tilde 

P=P1+derv4; 

Q=Q1+derv4; 
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s=P./n2+q./b; 

t=n2.*Q+q./b; 

%calculation for xq and yq 

xq=(bessel1b.*s-sphbessel1b)./(hankelbq.*s-hankelbq_1); 

  

yq=(bessel1b.*t-sphbessel1b)./(hankelbq.*t-hankelbq_1); 

%matrix of coefficients xq and yq 

result=[xq; yq]; 

 

Mie Efficiency 

function result = Mie_efficiency(n1,n2,a,b) 

  

n1=1.938;n2=0.1734+(5.7092)*i;a=0.003488889;b=0.017444444; 

  

qmax=round(2+b+4*b.^(1/3));       %infinite sum truncated after qmax terms 

q=(1:qmax);qtimes=2*q+1;       

bsq=b.*b; 

  

fn=Miecoefficients_xy(n1,n2,a,b);            

  

xqreal=(real(fn(1,:)));          %real component of xq,fn(1,:) gives 1st row  

   %and all columns,in fn=[xq;yq] row1=xq and      

   %row2=yq             

xqim=(imag(fn(1,:)));            %imaginary component of xq 

yqreal=(real(fn(2,:)));          %real part of yq 

yqim=(imag(fn(2,:)));            %imaginary part of yq 
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%Scattering Efficency is obtained by integrating total scattered directions %in all directions and the Extinction 

Efficiency is calculated from the %Extinction theorem (Ishimaru and Van De Halst),also known as forward-

%scattering theorem. 

%calculation for extinction Efficiency Qex 

dq=qtimes.*(xqreal+yqreal);       

SUM=sum(dq);  

qex=2*SUM./bsq; 

 

%calculation for Scattering Efficiency Qsc 

nq=qtimes.*(xqreal.*xqreal+xqim.*xqim+yqreal.*yqreal+yqim.*yqim); 

tn=sum(nq);        

qsc=2*tn./bsq; 

 

%calculation for Absorption Efficiency Qab 

qab=qex-qsc; 

result=[qex qsc qab]; 

 

  

 

 


