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Bandul yang talinya diperpanjang

Pers. Gerak bandul
d y _
%(ml 8) + mglsind =0
Untuk osilasi kecil
sinf = 60
Dan persamaan gerak bandul:

. ﬂ B
ml<0 + 2mlo o +mglf =0

Panjang tali berubah
[ = lO + vt
dl

dt *



Pers. Gerak Bandul

Substitusi
dt = dl/v
Persamaan gerak bandul
. . dl
ml?6 + Zmlea+ mglf = 0
470 21 2de+ 0 =0
T TR
d*6 2d8 g
diz " ldl vl

[?v

6 =0




Pers. Diff. Bessel

x%y" +xy' + (x? —p?)y =0

/ 2
y p
"+—+(1—-—=|y=0
et (1-5)y
Solusinya
J,danY, =>y,=AJ,+BY,
Misalkan ada solusi y, = x*Z,(bx°). Bagaimana pDB nya?
y/ > a2 _ pZCZ
"+ (1 -2a)=+ |(bcxH)* + =0
v+ ( a)x [(cx ) ", ]y
Jikaa=0,b=c=1:

/ 2

X X2



Pers. Bessel

Modified Bessel equation:

/

y" +(1-2a0) % +

=0
Memiliki solusi

Vp(x) = x% Z,(bx©)

Dengan

a

2

21

(bc x¢~1)? 4

xZ

Z,, dapat diganti dengan J,, maupun Y, atau N,,.



y = Odanx - [:
d?0 (1 -2a)d6

a
—+ 4—[(bclc_1)2-k

dl? l dl

1—2a=2
a? —p?c? =0

l2(c—1) o

>52(c—1)=-1

(bc)* = g/v*



Solusi

Solusi

1

a a %

2(c—1) = -1 > c=>
g 2

(%

az_p2C2=0 = p=+1

Yp(x) = x¢ Zp,(bx©)

(%

01 — l—1/2 Zl (2\/5 ll/z)



Solusi

e Misalkan
Zig ]1/2 d_u — ﬁ [~1/2 — Z_gu—l

u=v dl v 2

Solusi umum

0 =Au~1J;(w) + Bu~tY;(w)
Turunan 0 terhadap u:
6
Tu —[Au™1], (W) + Bu™'Y, (w)]
Yang diperoleh dari

d —D —D
— [ PIp ()] = =X Ppis ()



Konstanta Adan B

e Keadaan awal bandul

2
t=0 -1I=1I, —>u=7‘/§101/2=u0
=60, &60=0 ao 0
— = - — =
0 du

sehingga
Ay~ (ug) + Buy 'Yy (ug) = 6y X Yz (ug)
Ay~ (ug) + Bug ' Yo (ug) = 0 X Yq(ug)
= Auy 1 (ug)Y2(ug) + B up 'Y (ug)Y2 (ug) = 6,Y, (ug)
= Auy ", (ug)Y1 (ug) + Buy™ Yo (up)Yy(ug) =0
Auy 1 (ug)Yo (ug) — Jo(we) Yy (up)] = 0¥ (up)



Konstanta Adan B

ugBoY> (ug)

A T o), o) — Jo i) Vs (i)

Auy™;(ue) + Buy 'Yy (ug) = 6y X J2(uo)
Auy™ o (ue) + Bug ' Yo (ug) =0 X J;(up)
= Auy 1 (wo)J2 (o) + Buy™ o (ug)Y: (ug) = 0o/ (up)
= Auy 1 (ug)J2(g) + Bug ™1 (ug)Y2(up) =0
Buy ' [J2(ug)Ys (ug) — J1(ug)Y2(ug)] = 00/, (up)

UoBo/2 (Up)

B T Guo)Y: (o) — J1 (i)Y Cutg)




3A+ 2B =7
2A+ B =4




Penyederhanaan A dan B

* Untuk menyederhanakan A dan B gunakan persamaan

2
Jn (Y041 () = Jna1 ()Y () = ——

X
Didapatkan
4= Uo6o Y2 (uo) _ _ﬂu(%HOYZ (uo)
J1(uo)Yz (ug) — J2 (up)Ys (up) 2
B — Uo6o/2(up) _ mug 0o/ (Uo)
J2(uo)Ys (ug) — J1 (uo) Y2 (up) 2

Penyederhanaan dapat dilanjutkan jika dipilih

2449l
v

J2(up) =0

Ug

sehingga



J2(x) =0

x =0,
5.1356 2230,
8.4172 4414,
11.6198 4117,
14.7959 5178,
17.9598 1949,

21.1169 9705,
24.2701 1231,
27.4205 7355, ...




Solusi Bandul

Jika J,(uy) = 0, maka B = 0 dan solusi bandul

A
0 = Au~1 = Ji/l
u jl(u) uomjl (uO /O)

A
0o = u_O]1 (uo)

karena

maka
)

0
= J
1Vl

v

(%\/W)




Perhitungan

0, = 0.15 rad

24/ 9lo

T 21.1169 9705

lO = 0.1m
g = 9.8m/s”

u0=

2./l
ug % = 0.0937 5855 m/s

0
J1(uy) = 0.17326473865852338

0.86572721698224819
§ = /1 (211169 9705./1/1,)

JU/1,

v =




6 (rad)

Osilasi lengthening pendulum

015
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Kecepatan sudut

do 1
du = —Au""J,(u)
Nyatakan u dalam [:
2~/ gl 2,/ 91
= g & 11, = glo
v v
Didapat
du U
u=1up/l/l, , =
oV dl — 2./1,1

Karena A = Oyuy/J1(ug):
ae O

du _]1 (ug)ug+/1/ 1o

J2 (uO\/TlO)



Kecepatan sudut dan energi kinetik

do  df dudl
dt  dudl dt

0, Ug
Ji JU0/l
]1(“0)\/ l/lo i (uo O) 2\/ lol 7

B Oouov
o 2)1 ()l (U/1p) & (uom)

1 .. 1[0,unv
K=-1%202 = < |——
2 8_]1(“0)




Energi Potensial

up?

U= —glcosf = 2 cos 6

usv? (1
= cos 6
2\l
Energi Total

E—K+U—1lzéz upv” (1 0
— _2 > lO COS




