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TOM TAT

Mgt 10 xo mém, hay mét slinky, dwot treo tai dau trén va dé dan ra duwdi tac dung cua trong
luc theo phirong thang dimg. Khi can bang, ta tha roi phan dau trén cia slinky. Viéc quan sét qua
trinh roi cho thdy cdc vong phia dwi Ciia 16 xo hoan toan ding yén cho téi khi né va chgm véi cac
vong bén trén. Dya vao nhiing kién thize co ban cia co hoc dai cirong va gidi tich, bai viét nay xay
ding cac biéu thirc tinh tir md hinh roi rac nham gidi thich va mé ta dinh lwong mét sé thugc tinh
vdt li dac trung lién quan dén slinky nhw dé bién dang, vi tri khai tam, va thoi gian roi. Vi vay, bai
toan khdo sdt slinky roi tw do c6 thé duoc tiép cdn dé dang, réng rdi hon doi véi sinh vién chuyén
nganh vdt li va nhitng nguoi dam mé vat li ndi chung.

Tir khoa: khéi tam; roi tu do; 10 xo slinky

1.  Gigithi¢u

Slinky 1a mét loai 16 xo mém c6 cac vong quan sit vao nhau & trang thai tu nhién ma
khong can cd ngoai luc nén tir bén ngoai. Ta xét mot chiée slinky duoc treo thiang ding va
bi dan dudi tac dung cua trong lec. Khi trang théi can bang duoc thiét Iap, ta tha phan duoc
treo (phan dau & phia trén) dé no roi tu do. Hién twong quan sat duoc 12 phan day cua 0 xo
dtng yén hoan toan cho dén khi va cham véi cac vong & bén trén roi xudng. Hiéu tmg lo
ltng nay da duoc nghién ciu trong nhiéu cong trinh (Aguirregabiria et al., 2007; Calkin,
1993; Cross & Wheatland, 2012; Graham, 2001; Newburgh & Andes, 1995; Vanderbei,
2017; Unruh, 2011). Cac nghién ctu trén da duoc xay dung dua trén nhiéu co so I thuyét,
tir phuong phap xap xi Taylor (Graham, 2001) dén van dung gia thuyét song bién dang lan
truyén doc theo slinky (Aguirregabiria et al., 2007; Calkin, 1993; Cross & Wheatland, 2012;
Unruh, 2011), 1a diéu duoc chi ra trong hai nghién ctru vé 10 xo trude dé (Edwards & Hultsch,
1972; Heard & Newby, 1977). Céc nghién ctru trén di mo ta twong di tot chuyén dong cua
slinky va da dwa ra 10i giai thich dua trén quan diém lan truyén “thong tin” caa sy tha roi
duéi dang song dan hdi.

Cite this article as: Trinh Dai Hoang Long, & Nguyen Lam Duy (2023). Characteristics of a slinky via a discrete
model. Ho Chi Minh City University of Education Journal of Science, 20(7), 1199-1206.
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Tuy nhién, sinh vién chuyén nganh vat Ii hay nhitng nguoi yéu thich vat If & nhiéu mic
d6 néi chung kho c6 mot am hiéu tuong tan vé hién tuong nay néu khong c6 mot nén tang
vitng chéc vé giai tich cing céc kién thirc dic thu cua dao dong va séng. Vi thé, ving dbi
tuong doc gia co thé tim duoc cau tra 161 xéac dang cho minh vé hién tuong vat Ii tha vi nay
con tuong ddi han ché. Bai viét nay nhiam xay dung mot s6 biéu thic todn hoc nham giai
thich hién tuong duoc trinh bay, md ta trang thai can bang tinh theo phwong thang dung cua
slinky va tim thoi gian roi ctua nd. Cac biéu thirc nay dugc xay dung dua trén mot ¥ tudng
quen thudc trong vat I va giai tich, va di dwoc van dung dé nghién ctru cac dic tinh caa 10
x0 (Newburgh & Andes, 1995; Vanderbei, 2017; Sawicki, 2002; Mak, 1987; Edwards &
Hultsch, 1972): chia slinky thanh nhiéu phan tir nhé ghép ndi tiép nhau rdi sau do ta c6 thé
thuc hién phép lién tuc hoa dé mé ta mot chiée slinky that. Khi sir dung md hinh nay, ta chi
can &p dung cac kién thirc vé co hoc dai cuong va giai tich don bién co ban. Vi vay, né co
thé phu hop véi sinh vién chuyén nganh vt li va nhiéu nguoi yéu thich vat Ii ndi chung.
Déng thoi, mo hinh cd thé gilp ta tim ra cau tra loi chinh xac, ngén gon hon cho vén d& duoc
nghién ctu.

2. Noi dung
2.1. Gidi thich hién twong lo liing cua 10 X0
2.1.1. M6 hinh roi rac hoa cua 10 xo

Trudéc tién, ta xét mot slinky co cac tham sé dic trung: khéi lwong M, do cing k, tong
s6 vong C, va mdi vong duoc roi rac hda thanh Q 106 xo ghép ndi tiép vai nhau. Vi thé, ca
slinky duoc roi rac hda thanh N = €Q 10 xo nho ghép néi tiép. M&i 16 xo c6 d6 cang 1a Nk
va c6 chiéu dai tu nhién bang 0. Khi slinky dat trang thai can bang tinh, ta chiéu nd 1én mot
truc Ox thiang dang thanh mot chudi cac 10 xo thang ding nho ghép ndi tiép nhau. O mdi
dau trén caa N chiéc 10 xo nay 1a mot phan tir khéi lwong. Mdi phan tir ndy ¢6 khéi luong
Am = M/N, vacé bé day 1a d, /N, véi d, 1a chiéu dai caa slinky ¢ trang théi tu nhién. Mo
hinh dugc trinh bay nhu Hinh 1.

Vi slinky 1a mét 10 xo ¢6 cac vong quan sit vao nhau ¢ trang thai tu nhién va can mot
luc t6i thiéu F,,;, dé tach hai vong ké nhau (hodc hai phan tir) ra khoi nhau, nén ¢ day cua
slinky c6 thé ¢ n phan tir khong tach roi nhau (Mak, 1987). D6 1a vi téng trong luong cua
cac phan tir nay vira ding bang F,,;,,. Ta dat z = (N — n)/N 12 mot hé sé dic trung cho ti
1& s6 phan tir dwoc tach roi trén tong s6 phan tir. Vi du véi z = 0.9 ¢6 nghia 1a 10% s6 phan
ttr cua 10 xo bi dinh véi nhau & phan day cua no.

Ta danh s cac phan tir theo chi s6 chay i, c6 gia tri tir 1 dén N, twong tng véi phan tir
dau tién & phia trén dén phan tir cudi cling ¢ duéi. Khi can bang, luc cua 10 xo giira phan tir
thir i va phan tir thir i + 1 ¢6 d6 16n bang trong luong cua N — i phan tir. Goi d6 bién dang
ctia 16 xo dudi phan tir i khi can bang 1a Al(i). Dya vao dinh luat Hooke va diéu kién can
bang cua phan tu tha i + 1, ta c6:

NEkAL(Q) + Fpin = (N — i)Amg,
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V6i F,,;my = nAmg, ta suy ra biéu thic cho Al(i):

Al(D) = (Z”“') Mg (1)

N2 ] k

———==+ Mot phin tr

----- + Mot 1o xo twdng twong

Cac phan tir tach roi !

Phan day !

Hinh 1. M hinh roi rac cua slinky

2.1.2. Giai thich hién twong lo lung cua 10 xo0

Ta gia str ban dau c6 tong cong w phan tir duoc cot dinh vao nhau ¢ phan treo phia
trén slinky. Diéu nay 1a hop 1i khi xem xét cach ma né thuong duogc treo hoic cam trong
thue té. O trang thai can bang, cac luc tac dung 1&8n khdi gdm w phan tir nay (ndm & dau phia
trén) bao gém: trong luong caa chinh né P, = wAmg, luc cia 10 xo ngay dudi né, va luc
cuia gié treo F,. Luc caa 10 xo nay c6 do 16n dung bang trong luong cua tat ca cac phan tir &
phia dudi, bai vi phan tir tiép theo ciing ¢ trang thai can bang. Nhu vay, thanh phan huéng
xuéng cua hop luc tac dung 1én phan dau cé gia tri bang trong lwong cua ca slinky (Hinh 2).

Phin d4u chira o phan tir —
B, = wAmg

(N — w)Amg

Hinh 2. Gidan dé luc cua phan dau trong trang thai can bang
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Hop luc tac dung 18n m&i phan tir con lai gdm 3 thanh phan: trong lwong caa phan tir
d6, luc caa 16 xo bén dudi né va luc caa 10 xo bén trén né. O trang thai can bang, cac hop
lyc ndy bang 0 cho ting phan tir caa slinky. Ngay khi duoc tha roi, lyc cua gia treo mat tac
dung. Hop lyc tac dung I&n phan dau lic nay hudng xudng va c6 do 16n bang bang trong
lwong cua ca slinky. Vi vay, ddng thai, cac phan tir con lai cua slinky déu c6 hop luc bing
0, tuc 1 chiing van dtng yén va chua c6 chuyén dong. Lap luan nay cé su twong dong véi y
tudng duoc trinh bay trong mét nghién ctru dinh tinh vé hién tugng nay (Newburgh & Andes,
1995). Tuy nhién, sau khi phan d4u phia trén roi dugc mot khoang thoi gian nao dé, thi luc
cua 1o xo dau tién khdng giit nguyén d6 16n ban dau nita, ma c6 d6 16n giam danvi khoang
cach (ciing chinh 1a d6 bién dang dan hdi) giam dan khi phan dau roi. Diéu niy c6 nghia la
cac phan tir khac s& bit dau co gia téc. Nhu vay hién twong lo lirng van chwa dugc giai thich
xac dang.

Duya vao Phuong trinh 1, ta thdy d6 bién dang khi can bang cua cac 10 xo tién dén 0
khi s6 luong cac phan tir tién dén vo cing, tic 13 16 xo duoc lién tuc hoa, twong duong voi
mot 16 xo that. Vi vay, s& hop i néu ta cho rang vi cac khoang cach 1a vo cung bé, thoi gian
dé phan dau roi, sau d6 va cham vai phan tir thor  + 1 ciing 13 v6 cliing bé. Vi vay, gia toc
khong c6 thoi gian dang ké dé thay doi. Khi do, ta c6 thé xem do Ion cua luc dan hoi tac
dung Ién phan dau cho dén khi nd va cham véi phan tir phia duéi 1a khong ddi. Do do, cac
phan tir khac s& dimg yén cho dén khi cl va cham dau tién xay ra.

Gia str cac va cham la tuyét ddi mém va xuyén tam, phan dau va phan tir tiép theo tao
nén phan roi c6 khdi lwgng va van tdc ngay sau cu roi tuan theo dinh luat bao toan dong
luong. Bay gio ta lap lai 1ap luan trén cho phan roi méi dugc hinh thanh nay va thay ring
hop luc tac dung I&n nd ludn cé gia tri bang trong lwong cua ca slinky (Hinh 3). Loi giai
thich c6 thé duoc dua ra ¢ day la: cac phan tir s& khéng bat dau chuyén dong cho dén khi
duoc xac nhap vao phan & phia trén roi xubng, vi tong hop luc tc dung lén ching ludn
bang khong.

|
—/—
. 1
Phan roi chira i phén tir ?
— P = idmg
(N —i)Amg
||
(=]
o
=]

Hinh 3. Gidan dé luc cua phan roi chira i phan tie
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2.2. D¢ bién dang ciia slinky va thoi gian roi
2.2.1. Van dung mo hinh roi rac

Ta dat mot bién sé méi @ = zN — w + 1 1456 phan tir ma 16 xo bén dudi chiing c6 do
bién dang I6n hon hoic bang khéng, tic 12 gia tri AL(i) cua chung khong am. Dé tim vi tri
ctia khoi tam, ta chon truc Ox thang dung hudng 1én, voi x = 0 14 vi tri ciia mép trén ciing
& thoi diém ban dau cua slinky nhu Hinh 1. Vi tri cia mdi phan tir x(i) phu thudc vao phan
khic cua 10 xo chira phan tir dy. Véi phan dau (1 < i < w):

@l = (1-5) %
dbi vai phan 10 xo bj dan (w < i < zN):

01 (1-3) 4 3000 = (=) e+ e -,
j=o

va voi phan khong tach roi ¢ day 1o xo (zN < i < N):

el = (1 =) S+ AL,
v6i AL 1a tong do dan cta cac 10 xo phan tir ndm giira khéi bi treo ¢ trén va khdi dinh nhau
& dau dudi slinky.

Diti’ =i — w + 1 1a s6 thir tw ctia mot phan tir ké tir  — 1 phan tir dau tién (phan tir
thir w €6 i’ = 1), ta c6 thé tinh toan d& dang hon gi4 tri tong trong biéu thirc cua |x, (i)|:

Sich@N - ) = $hie - ) = [+ (o +3) i — o] @)

Ta thu dwoc gia tri cua AL khi thay i’ = ¢ vao biéu thuc trén. Khi d6 téng do dan cua

slinky la:
Z (o — ©°— @
Tz LY kNZ 2 )

Goi tong chiéu dal cuaslinky 13 L = dy + AL. Két qua nay phu hop vdi tinh toan ctia Sawicki
(Sawicki, 2002) trong truong hop w = 1, hay ¢ = zN. Vay biéu thirc cta |x5(i)] 1a

. - N\dy , Mg (¢*—¢
|x3(l)|:<l_§>ﬁ+kN2< 2 )

Nhu vay khoang cach tir vi tri x = 0 dén khéi tam 1a

dy % 1\ Mg ST 1 z -
__0 L= d o N -
|x0|_sz(‘ 2>+kN3 Zl 2+<‘p+2>l ‘Pl*_z ( 2 )
i=1 i'=1 i=zN+1
dy Mg[e¢® ¢?/1—-2z 1 1 1-z
—7+7[—3Ns+7<wz ~wi)telaw )| 3)

Béy gid ta c6 thé tim thoi gian slinky hoan tit ¢l roi thong qua quang duong roi tu do
ctia khdi tam. Khi slinky hoan tat ¢t roi, va vi cac vong day dung yén, khdi tim s& co toa do
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dy/2 cao hon toa do day cua slinky. Vay quang duong ma slinky roi la

Mg|-¢@® ¢?/z 1 1 z
H=do+AL—do/2 - lxel = =2 |25+ 2 (354 75) — @ (53 + 52 |
0 o/2 = Ixel = I3N3 2 w2 " vz) T Plens T 2ne

Ta c6 thé tinh dugc thoi gian slinky roi thong qua cong thirc roi ty do quen thudc

- 2H  |2M —cp3+(p2<z+1> (1 N Z) @
= g Tk [3nv3 T2z T wvs) T PlenE T anz) |

2.2.2. So sanh véi két quda thuwe nghiém

Ta st dung Phuong trinh 2 va Phuong trinh 4 dé so sanh tong d6 dai L, thoi gian roi
t, v6i két qua do dac duogc tir thue nghiém dbi véi hai slinky that (A va B), va véi két qua
tinh toan cho mét slinky C, dua trén 1i thuyét cua Calkin (Calkin, 1993). Pay ciing chinh 1a
co s& cia mo hinh thoi gian va cham hiru han (Cross & Wheatland, 2012). Cac gia tri thong
s6 dic trung cua 3 chiée slinky duogc trich tir bai viét ctia Cross va Wheatland (Cross &
Wheatland, 2012) duoc trinh bay ¢ Bang 1. Trong d6, do roi rac dugc chon 1a = 5000
phan tir/vong.

Bdng 1. So sanh két ciia md hinh trong bai viét nay véi két qud do dac

Slinky A B C
Céc thong so dugc do dac (A va B) va tu chon (C),
dugc trinh bay trong bai viét cua Cross va Wheatland (Cross & Wheatland, 2012)

Khéi luong M ) 215,5 48,7 200
Do cung K (N/m) 0,69 0,22 0,84
Bé day tyu nhién d, (cm) 5,8 6,6 6,0
Tong sé vong C (vong) 86 39 80
S6 vong khong dinh cham ¢ day z (%) 89 100 90
Tong do dai L (m) 1,26 1,14 1,005
Thoi gian roi t. (s) 0,27 0,27 0,24
Céc két qua tinh toan dya trén md hinh cua bai viét nay
S6 vong dinh véi phan tir dau tién (w—1)/C (vong) 1,25 1,25 0,00
Tong do dai L (m) 1,23 1,08 1,005
Thoi gian roi te (s) 0,27 0,27 0,24

(Cross & Wheatland, 2012) va tinh toan tz mé hinh cua Calkin (Calkin, 1993)

Khi d6i chiéu véi cac két qua trong nghién ciru ctia Cross va Wheatland (Cross &
Wheatland, 2012), qua Béang 1, ta c6 thé tim lai gia tri thoi gian roi t, ciia ca ba 3 slinky nhur
da dugc cong bd. Ngoai ra, vi ta chi co thé biét dugc cac slinky A va B dugc treo voi “xap
xi mot hodc mdt vong rudi” (Cross & Wheatland, 2012) & déau trén nén néu ta chon gia tri
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trung binh 12 1,25 vong cho ca 2 slinky thi tong d6 dai cia timg slinky s& khac biét 2,38%
(slinky A) va 5,26% (slinky B) so véi gia tri dugc cong bd. Déi véi slinky C, két qua tinh
toan tir mo hinh roi rac trong bai bao nay gan trung khép véi véi két qua tir mo hinh cua
Calkin (Calkin, 1993).
3.  Kétluan

Bai viét nay trinh bay cach xay dung mét sé biéu thirc giai tich tir md hinh roi rac dé
giai thich hién tuong lo ling cua mot slinky, xac dinh vi tri caa khdi tam va chiéu dai cua
slinky & trang thai can bang ciing nhu c6 thé xac dinh thoi gian roi ty do caa slinky. Céc két
qua thu duoc tir nghién ctru nay c6 do sai biét khéng qua 6% so véi két qua thuc nghiém va
Ii thuyét trong cac nghién ctru dwoc cong bd trudc ddy. Ban chét roi rac cia mé hinh da gitp
ta dua ra 101 giai thich xac dang vé phuong dién dong luc hoc cho hién tugng lo lting cua
slinky khi dugc tha roi tu do tir trang thai can bang trén phuong thang dimg. Duoc xay dung
dwa trén céc kién thie nén tang cia co hoc dai cuong va giai tich, bai bao nay dé xuat mot
huéng tiép can moi, don gian hon. Hudng tiép can nay c6 thé pha hop véi sinh vién chuyén
nganh vat liva cong ddng nhimg ngudi yéu thich vat Ii. Cach tim ra cac biéu thuc tinh trong
bai viét nay ciing c6 thé dwoc sir dung trong mdi truong su pham & bac dai hoc nhu mét vi
du vé hiéu qua ciia phuong phép rdi rac hda trong viéc giai quyét cac bai toan vat Ii.

% Tuyén b6 vé quyén lgi: Céc téc gid xéc nhan hoan toan khéng cé xung dot vé quyén loi.

TAI LIEU THAM KHAO

Aguirregabiria, J. M., Hernandez, A., & Rivas, M. (2007). Falling elastic bars and springs. American
Journal of Physics, 75(7), 583-587. https://doi.org/10.1119/1.2733680

Calkin, M. G. (1993). Motion of a falling spring. American Journal of Physics, 61(3), 261-264.
https://doi.org/10.1119/1.17301

Cross, R. C., & Wheatland, M. S. (2012). Modeling a falling slinky. American Journal of Physics,
80(12), 1051-1060. https://doi.org/10.1119/1.4750489

Edwards, T. W., & Hultsch, R. A. (1972). Mass Distribution and Frequencies of a Vertical Spring.
American Journal of Physics, 40(3), 445-449. https://doi.org/10.1119/1.1986571

Graham, M. (2001). Analysis of Slinky levitation. The Physics Teacher, 39(2), 90-91.
https://doi.org/10.1119/1.1355166

Heard, T. C., & Newby, N. D. (1977). Behavior of a soft spring. American Journal of Physics, 45(11),
1102-1106. https://doi.org/10.1119/1.10956

Mak, S. Y. (1987). The static effectiveness mass of a slinky T M . American Journal of Physics,
55(11), 994-997. https://doi.org/10.1119/1.15282

Newburgh, R., & Andes, G. M. (1995). Galileo Redux or, how do nonrigid, extended bodies fall?
The Physics Teacher, 33(9), 586-588. https://doi.org/10.1119/1.2344314

1205



Tap chi Khoa hoc Trwoéng BPHSP TPHCM Trinh Dai Hoang Long va tgk

Sawicki, M. “Mik.” (2002). Static Elongation of a Suspended Slinky™. The Physics Teacher, 40(5),
276-278. https://doi.org/10.1119/1.1516379

Unruh, W. G. (2011). The falling slinky. https://doi.org/10.48550/arXiv.1110.4368

Vanderbei, R. J. (2017). The falling slinky. Mathematical Association of America, 124(1), 24-36.
https://doi.org/10.4169/amer.math.monthly.124.1.24

CHARACTERISTICS OF A SLINKY VIA ADISCRETE MODEL
Trinh Dai Hoang Long, Nguyen Lam Duy”
Ho Chi Minh City University of Education, Vietnam
“Corresponding author: Nguyén Lam Duy — Email: duynl@hcmue.edu.vn
Received: March 12, 2023; Revised: April 08, 2023; Accepted: April 17, 2023

ABSTRACT

A slinky, which is a soft spring, is vertically suspended under the influence of gravity. When
equilibrium is attained, the slinky is released by letting go of the top. Observing the free falling slinky
shows that its bottom turns remain completely at rest until the upper turns collide with them. This
paper proposes a model that provides a reasonable explanation for the stated effect, as well as the
descriptions of several physical characteristics of the slinky, such as the elastic elongation in
equilibrium, the position of the center of mass, and the total collapse time. The model is based on
fundamental mechanics and basic calculus, which are encapsulated in the first year of college for
physics majors. Therefore, the falling slinky problem should be more approachable for a wider
community of physics students and enthusiasts.

Keywords: center of mass; free falling; slinky
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