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1. Simulation results

Following MD results are for the <110> NW with rhombic, truncated rhombic and triangular cross-
sections, with a side length b equals 3 nm. The vibration testing is carried out at the temperature of
10 K for a total of 7600 picoseconds. For each case, two figures are presented, including the time
history of the external energy and its corresponding frequency spectrum (truncated at the frequency of
45 GHz).

1.1.  NW with rhombic cross-section: actuation along y-axis
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1.2.  NW with triangular cross-section («): actuation along x-axis
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1.3.  NW with triangular cross-section (ar): actuation along y-axis
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1.4.
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NW with triangular cross-section (a): actuation along x -axis
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NW with triangular cross-section (f): actuation along x-axis
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NW with triangular cross-section (f): actuation along y-axis
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NW with triangular cross-section (f): actuation along x -axis
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NW with truncated rhombic cross-section: actuation along x-axis
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1.9.  NW with truncated rhombic cross-section: actuation along y-axis
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1.10. NW with truncated rhombic cross-section: actuation along x -axis
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2. Principal moments of inertia under discrete model

2.1. Rhombic Cross-section

Figure 1 shows the atomic layer of the rhombic cross-section of the <110> Ag NW, which is enclosed

by four {111} surfaces.



0 |

,‘//://
& DD i)
ottt
1:§§§§444-¢;;;325
r SRRV POOQ QG
00‘0’.’0’.’.’0’000' 0'0’0’.’0 o 0'.’0‘

T
93%&%4}

.
<gE8e

FIG. 1 Atomic layer of the rhombic cross-section, the grey edge schematically refers the surface layers.

For the discrete model, the principal moments of inertia are deduced as below. As seen in Fig. 1, the

atoms column number in the x-axis and y-axis are the same (denoted as N). Thus, for 1, , we have,

=1+,

X

= (2N +D)1,
Ly =2(1, + 1,4+l +-+1y) ,and I, =[2(N—i)+1][Aa(ia 2/2)2+|a}
Hence

|m=§]aN—n+q[g¥F+2g]

I, =(2N +1)I, +i[2(N —i)+1][ Aa%i* + 21, |
=
For Iy,we have,
I, =10+,
0 =N +D1,
=2l + 1t L et 1) and 1 =[2(N -0)+1][ A, (i) +1, ]

Hence

_zzjaN—o+1[ga 41, |



I, =(2N +1)1, +2i[2(N —i)+1][ Aali* + 1, ]

where N is related with the side length b by b=Na/cos¢, ¢ isthe angle as specified in Fig. 1. The

cross-section area is given as A= (2N’ +2N +1)A .

2.2.  Triangular Cross-section ()

Figure 2 shows the atomic layer of the triangular cross-section (¢) of the <110> Ag NW, which is

enclosed by two {111} surfaces and one {110} surface.

Fig. 2 Atomic layer of the triangular cross-section (« ), the grey edge schematically refers the surface layers.

As is known, for the continuum model, the centroid of the above triangular is at h/3. According to

the definition of centroid, i.e.,

n n
Xc =2 Axci/ A ,and yc =D Ayci/ A, where A is the total area, A is the area segment with Xg;
i=1 i=1

and yc; as its corresponding centroid coordinates, n is the number of area segments. Obviously,

2N +1

under the discrete model, the centroid has moved from h/3 to h .
6(N +1)

Upon this fact, the principal moments of inertia are derived as below. For I, , we have,

2
. . 2N +1
L=ty + o+t b+t and 1, =[2(N +1—I)+1]{A{(I—1)a\/§/2—h6(N +1)} +|a}

Hence

, 6(N +1)

I, =ZN:[2N —2i+3]{A{(i—l)ax/§/2_h 2N +1 } N la}

For Iy , we have,



=1y+1,
0 =(N+DI,
Ly =200+ o+t Lot 1) and 1y =[(N =) +1]) A (i) +1, ]

Hence

22N: (N-i)+1][ Aa%i* +1, ]

I, =(N+D)I, +2_§Nj[(N —i)+1][ Aai* + 1, ]

where N is related with the side length b by b=Na/cos¢ . The cross-section area is given as

A=(NZ+2N +D)A, .

2.3.  Triangular Cross-section (B)

Figure 3 shows the atomic layer of the triangular cross-section () of the <110> Ag NW, which is

enclosed by two {111} surfaces and one {100} surface.
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FIG. 3 Atomic arrangement of the triangular cross-section ( £ ), the grey edge schematically refers the surface layers.

Similar as the triangular cross-section (« ), the principal moments of inertia are deduced as below.

For I, , we have,

2
] ) 2N +1
Lo=lg+ Lo+t 441, and | =[2(N +1—|)+1]{Aa[(|—1)a—h6(N +1J + Ia}

Hence



. . ON+1 |
I, =[2N -2i +3]{A{(| —1)a—hm} + |a}

For Iy , we have,

I, =1,+1,

lo=(N+DI,

Ly =201+ 1,44 1+t 1 ), and 1 =[(N —i)+1]{A{%J + Ia}
Hence

L =i[(N —i)+1][ Aa’i* + 21, |

I, =(N+D)I, +i[(N —i)+1][ Aa’i* + 21, ],

where N is related with the side length b by b=Na/sing, ¢ is the angle as specified in Fig. 3. The

cross-section area is given as A=(N? +2N +1)A, .

2.4.  Truncated rhombic Cross-section

Figure 4 shows the atomic layer of the truncated rhombic cross-section of the <110> Ag NW, which

is enclosed by four {111} surfaces and two {100} surface.

FIG. 4 Atomic arrangement of the truncated rhombic cross-section, the grey edge schematically refers the surface layers.

Under the discrete model, the principal moments of inertia are derived as below.



For I, , we have,

I, =1,+1,,

lo=(N+D)I,

Ixn :2(|X1+ |X2+...+ Ixi +.“+I><N/2+ IX(N/2+1) deeet Ixj oot IXN)’ and

s =(N +1)[Aa(ia 2/2)2+Ia} and 1, =[2(N —j)+1][Aa(ja\/§/2)2+|a}

Hence

Lo =(N +1)&Z/3(Aaa2i2 +21,)+ ZN: [2(N - j)+1][Aa%j* +21, ]

L=(N+DI +(N+D)D (Aa%i*+21,)+ Y [2(N-j)+1][Aa’j*+2l, ]

i-1 j=N/2+1

For Iy,we have,
| :Iy0+lyn

y

Lo = (2N +D)1,

L =201 1y, 4ot et D) and :[Z(N _i)+1][A"‘(ia)2+ Ia}

Hence

N/2

Ly =2 [2(N -i) +1][ A@i* +1, |

N/2

l, =N +D1, +23 [2(N —i)+1][ Aali* +1, ]

where N is related with the side length b by b=Na/cos¢. The cross-section area is given as

A=(BN?/2+2N +1)A,.



