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Site-juxtaposition (superhelical DNA)
Interior-sidechain rotation (proteins)
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Calculate forces-1 (i.e. a;(#))
Calculate forces-2 (i.e. ay(t))
Calculate forces-3 (i.e. az(#))
Calculate forces-4 (i.e. ay(t))
do step =1, Nyjeps
V =V +3n3mphztiay
do f3 =1, Ha
V=V +3imnybha,
do iz = 1, Ho
vV =v+inbta,
doi; =1, m
v=V-+ % 61’1&1
r=r-+ 61’11?’
calculate forces-1 (i.e. a;)
v=v+ % ota,
enddo
calculate forces-2 (i.e. a,)
v =v|in6ta
enddo
calculate forces-3 (i e. a3)
V=V +3in6ha;
enddo
calculate forces-4 (i.e. a,)
V =V + snynynsbtiay
enddo
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Num =1 : ; :

dok=1,(2 * Subs_Deps + 1) - R e e e S L. .
..' :..:..--.-.-.-.-",

doi=1,(2*Subs_Cols + 1) . TR YR YR R e e .

-"-"p‘v‘v‘v’v‘v‘ .

temp = mod((i + k) ,2)

doj=1,(Subs_Rows + 1 - temp)
atom(Num).X = a_subs / 2 * (i - 1-Subs_Cols)+xoff_subs
atom(Num).Z = a_subs / 2 * (k - 1-Subs_Deps)+zoff_subs
atom(Num).Y = a_subs * (j - 1) + a_subs / 2 * temp +yoff_subs
Num = Num +1
end do
end do
end do
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ddc=0.433012701892219*3.568 ; cof1=0.942809041582063; cof2=0.816496580927726

cof3=0.471404520791032; cof4=1.22474487139159

atom(1).X=0; atom(1).Y=0; atom(1).Z=0;

atom(2).X=0; atom(2).Y=ddc/3.0; atom(2).Z=ddc*cof1;
atom(3).X=ddc*cof2; atom(3).Y=atom(2).Y; atom(3).Z=-ddc*cof3;
atom(4).X=-atom(3).X; atom(4).Y=atom(2).Y; atom(4).Z=atom(3).z

dok=1,1201!363
i=4*k+1; temp1=(k-1)/3.0; j = floor(temp1);
atom(i).X=atom(k+j+1).X; atom(i).Y=atom(k+j+1).Y+ddc; atom(i).Z=atom(k+j+1).Z;
atom(i+1).X=atom(i).X+atom(2).X;  atom(i+1).Y=atom(i).Y+atom(2).Y; atom(i+1).Z=atom(i).Z+atom(2).Z;
atom(i+2).X=atom(i).X+atom(3).X; atom(i+2).Y=atom(i).Y+atom(3).Y; atom(i+2).Z=atom(i).Z+atom(3).Z;

atom(i+3).X=atom(i).X+atom(4).X; atom(i+3).Y=atom(i).Y+atom(4).Y; atom(i+3).Z=atom(i).Z+atom(4).Z;

end do
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2F + Zf = Zm,¥, mr = Imi,

[ZF =mr or XF = mﬁ]h

2l pteas SO LS po)ls () sy ples anl a5 WS e Gl (5B (]

System boundary

o 02 35 50 Ol 030 e IS 0> L cl
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% — ~
F, \ m; H() = Z(li X ’”-:Vf)
o ~\
] R o |
or @ i, = 3 <mv) + 0 <m,)
f ol ,
l r; N i'l P ” G System

| boundary

K . / Z(riXmivi):Z(riXmiai):Z(rixFi):ZMO

; [ZMOZHOJ |

Slisbos ggome b Cunsl plpG oy S0 Jo> (o) plaaw S Gl 0gl) poiiege 1G oy 35 w0 Jo>

—
: P (arbitrary)
lp 2

<
O (fixed)

[ ]
H(}' — y_pl X "l,l"l G c\.b.o.’ Js.‘> &_J‘)Q ﬁLo.’ Gb ‘59.».1.05.0
H(; =3p, X mr + p,) + Tp, X m,i¥,

ZpiX(Fi +fi):ZPiXFi+Zpini:ZMG [ZMGZHG]
G5 ()
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h,-=r,-><m,~([lo+wxr,-)= ~VoXMm;r;+1; X m;{wXr;).

h= E“'ﬂxmiﬁ"‘zrﬁ?ﬂﬂxﬁ)mi ==VoX 2 m;r;+ 21 X (wXr;)m;.
m; m; m;

m;

h=23rX(wxr)m,.
m;

by p Oyge d hate (dowe olfiws SO jo ) (e o p g (e Jb 0

h= i[wx §(l’r2+zf2)mr =y 2 ViXim;—w, 2-‘?2:"":]
] my m; Ixx _Ixy _Ixz wx

+ 24 221 v — - =| — - —

iy E(xf +2;°)ym; wxz;:x;y.m. wzgy,z,m] I:> h ;yx I,I,,, I‘S’z Wy [=[[]a.

Tiix —ly 2z w

+k[wz§(xf+yf)ms—wxzx:zfm:—wy Ey,-?-.-m;]. )
i my; m‘

M = = hg+wxh.
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v=0-¢ order of rotation3 -2 -1

[Ayee] = [Asl[A0ILA)

sopsy+cosfcy —socy+copsisy copcd

[As]=[Ayee] = [—c¢s¢+s¢59c¢ cocy+spsisy sopch

clcy clsy —56 :|

5l sl Ole s a4 hatie Slaitee o ygome 9> i o cans gl gy Co

P 0 0 é p=d¢—ysin(0),
[Q] = WpR = [ﬁd[Ai][ﬁ;][Ojl'l'[ﬁ*][ﬁi] 6 -I-[A,..]{O} g = 0 cos(¢) -+ cos(8) sin(e),
4 v 0 0 r =y cos(0) cos(¢)— 0 sin(s).

13903 03ldisl 5 O)yso 4 Vb by wsSae 5l ls5 oo Hhigl Ly Sl ks Sl e (sl s

& = p+[gsin(¢)+r cos(¢)]tan(d),

G5 ()

0 = g cos(¢)—r sin(¢),
¥ = [gsin(¢) +r cos(p)] sec(8).
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" 0 0, —uw, "-‘r- 133 ,5 oolaiuwl
d 1 —-—w 0 W, W
v ] = == ﬂ’ . n-’ - z X ¥y .
=z W= "0 o,

| —wy —wy, —w; 0

g, = e;sin(x/2),
g =e; Siﬂ[ﬂfl], > 2

+ i+qgi=1, =1.
gy = e, sin(a/2), git+qr+gi+qi=1 la] =1

q4=cos(a/2).

gi—gi—-qi+q}  2q1q:+9:94) 2(q193—42G4s)
Al =| 2(q19:—q39s) —ai+aqi—gi+q? 2(q,9:+¢:q0)
20193+ 9291) 2929:-4:19s) —qi-@E+qi+q?

gs=+0.5v1+a,+ay+ai,
g1 = 0.25(a33 —a33)/qa,
g2 =0.25(a3 —ay3)/q,,
g3 =0.25(a;,—a3)/q.
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S PRV PPV y CR P B

of, o of of; of, ~ of; _ of| :
— X +—V+t—Z X Y T Zy=——, 1£]<m

o oy, oy ox, "oy, "z ot
= [a]mx3N [Xl yl 21 o XN yN ZN ]T :{b}mxl

o5 RY
s

oL
dt (aqi)_ oq ]Q‘ +

a; ay ami]ﬂ’l —— AV

A8y apand (s\a 5y
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r,(8t) = 2r,(0) — ry(—6t) +H—lar3
1

| f 24
= 21,(0) — ry (=8t) + —8t2 + —[r,(0) — 1,(0)]5t2
Fﬂl HII

— £,(50) + 2= [1,(0) ~ 1,(0)]5¢°
1

> e e et (gl s s Bl 603 (6905 45 1 sl 0,8 e Silo F(81) Leul o ®
omsles oo oolital 5 g abal, 51 A 51,5V

|11 (88) — r2(8t)|* = d*

£ (50 + - [1(0) — (0182 = 5(60) — —— [1,(0) ~ ,(0)]5¢2

2

2

Iy (8t) — 1"2(51“}+—[ (0) —ry(0)]8¢% = d?
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Uk(t) = ka(_,(t) — Xk,q(t)ylg — d% =0, &B=Ll..5 PN

positions of the two particles involved in
the kth constraint

9°x; (t) ) s _
v mi:—a V(x,-(t))—l—;/\kak(t) v ¥ E LN
el W e, )b 50 5l 6 SIS o
= 0oy (t ;
x,,j(t%-At):i,-(t+At)+Z)\k Uk()(At)zmz-l, i1=1...N

k=1 8xi

the unconstrained (or uncorrected) position of the ith particle after integrating the
unconstrained equations of motion.
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on(t + At) == || Xpa (t + At) — xp5(t + AL)||* — d2 = 0.
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2 [0 Doy (t
o'j(,‘ } A’) . xJn( Ai) xJ" Z’\A At [((;T:;( ) ,)ul ((;f;({)’lnjn‘l] dH : O‘ J 1 n
jo Ji
109 oo oolaiwl gl = Taud g, 3l OVolre cpl J> gl ®
0oy 0oy 0oy \
_ oA oA 0\
A(l+1) — A(l) . Jalg(t G At) 1 2

do 2 do 2 do 2
oA\ oA 0An

BO’n 80-7;, adn )

. . _ 0\ Oy O
where J; is the Jacobian of the equations oy
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Lateral Deflection

Principles of AFM Fricion

Normal DeﬂectionI

(Topography)

A sharp probe is scanned over the surface of = “#ergo Photodiode

interest.

icro-Cantilever

The probe explores the repulsive and
attractive forces which exist between the
probe and the sample surface.

Feedback
Control of
Z-Piezo

Interactions between the tip and the surface
being used to produce a very high resolution
image of the sample

Piezotube
Scanner

Foree Repulsive farce

Intesmmitient
contact

Distance (tip-sample separation)

Being able to take measurements in air or
fluid environments

Typical imaging modes: (i) contact mode, (ii)

—
non-contact mode, and (iii) tapping mode. \/ ﬂ
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AFM Modelling Approaches

The AFM operation is principally governed by:
1. The cantilever dynamics

2. The tip-sample interactions

Piezo-actuator

Microcantilever
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