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YuDadayan
On a basis functions selection of the finite element method

We construct piecewise quadratic basis functions to solve the Sturm-Liouville problem by the finite element method.
The obtained results are confirmed by numerical calculations.

Cinmp-Lanufhyh Jubmph Jlpouninp wmwppliph UGenpny oty hadwn upnigyad G4 innp we fumnp
punmniuanhl (pognidalinh §nnpphbunmalioé pmblghawalp: Ungdad wpymépblipp houmannda o b

puyhé hupJupliabpny:

Unynpuwpuwn Jtipgudnp viwppbiph dbpnnmid (J SUY) npugtiv fnnpnhawnughts pniafghwtin Jipgunud
0t qunp wre Junp qought $muljghwubin: Uyu wpumwnwopnid  GUuwemglivp Juinp wn Guinp
punwlnuught puwqhuwyht $pmufghwulin b gnyg [uwup, np dnnwgnp (mondp unyy pynd
w@huwywiliph plwpnud Yihah ng Whuys wdbih G2qphu, wyp Swl wylih oopl:

Nhuwnpbup
" dx ( "0 4 ) Fu() = (@), 0<x<l (1)
unynpuljwu nhpbpbughur hun{tuuulpnu[n
u(x)=u()=") (2)
fiqnuyht wjuydwubpny, npinbin
()= p, >, q(x)=), foe (0D 3)

Uyu bgpuyht uunhpp wupg, puyg pudulwuwswih pnjwunwluwihg ungl] b owytth ndyduwn
Jhpwnwljuw@ uunhpuliph hwdwn. ophtwl], wyt upugpnid £ wihwdwube dnnnid glipduwunhdwuh
pup funudp:

Puquuuuinlitp (1) hwduuwpdwy Gpime §nqpdp Juduwyuooy g(x) e wg; (0,) pmuljghuyny L
humnbgpbup

j L o0 9 ) de+ jz(x)u(x)g(x)dx—jf(x)g(x)dx
dx K dv)’

Unwoht hﬁmﬁqu[nuf Junuwpliing L[uluﬁpnq humbigpnid b oqmllli[nl{ (2) wuydwaubphg
Juunwuwp

[Oeou xg' x)+ 1) u)g(x) e = [£(x) g(x)ax “
0 0

huwmnbigpur unyunieymup:
Uuwljuya h wwpplipnigyni@ (1) hwduuwpdwb, nph monudp - C9¢o0,1) wwpwonyeynithg t, (4)

unyunmpmut hdwun moh M(;; (0,))  wmwpwonipyuy muljghwubiph hwdwnp: Nwwnmh Juplith £ wuaryg
modw wy] vwhdwand, wydtijh eny duwlbpydundp:
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Uwhdwiunmdl: u(x)e vgg 0,)) pmufghwt Ynsdmd t (1)-(2) tigpuyh junph punhwipuwguo nonud,

bl wyt pudupunnud t (4) hunbgpur anyunieyuup, juduoywljud g(x) e w(;; (0,)) pmufghuyh hwdwn:

Nputiugh quutiup (1)-(2) uunph dnwydnp monudp Jhpeuwdnp miwapptiph dbennny [0,1] huwwndwop
wnnpnhbup qnyq pYny hwduwuwnp dwubliph 2=/2N puyny, pudwudwu Jhnbpp tpwiwlbup x,=nh,
n=0,1,2,...,.2N: ‘Upqwo [bwnbphg xp-u U xp-p Juwudwubvp uvwhdwuwihyt hwogqnygulin, hu
duwguotlinp’ alippht hwgnygulip:

Udbtu Jh abipphtt hwugnyght hwdwwunwuuwunipyuy Uiy nubliup vh $muljghw, npp unp wn
[uinp puwrwlniuught b, pun npud wyn pniuljghwubipp hwiwwunwujuwt hwugnygnid pugmiunad Ga 1
wpdlip, hul] vowguotlipnd” 0 wipdtip: Uyn dmuljghwitipp juuduwubiup pugqhuwghts nmiafghwabin:

bt hwdwpnyd uippht hwugnygubipmd pughuwyhts $niafghwatipp fuuwhdwubiup hbinbyug Ghpog

|f 0, X <Xy,
-—xy E
P_a(x)= il_ BT
| 0, X>Xy,.0

npnlin n=0,1,2,...,N-1, hu{] qnyq hwdwpny ubippht hwugnygubipnid puqhuwghts $muljghwubintt mubv
htinlyur) wmbupp

Xop SXS X0

|( 0, X <Xy, 5,
~ >
3€-x, €—x,
11+ o =+ 2h2"/ s Xgps SXZX,,,
Q)_",(X) = 3‘ X ~ f x 2
Mo ~on
- + = X, SX=<Xy,.,,
| 2h 2h?
1
L 0, X>Xy,.0,

npunlin n=1,2,...,N-1:
Uowbglind »» | (x) U o (x) dmufjghwblipp hudwwurnuwujuwtwpun juinwbwip

I[ 26 0, - X<X,,,
_x2n+l -
¢_.:+l(x): I_ 2 s Xy SXSXZn-*—Za
L 0, X>Xy,. 0,
L
( 0, X< Xy, 5,
I 3 1'_x2n:
| —t —, Xon-2 Sxgx2n’
2h h?
(p_.J(x) = 3 ‘/._ -
I xZn _ <y <
|_2Z+ e Xon SXS X405
L 0, X> Xy, !

Uyt pninp pmajghwtliph puqunieyniup, npnup wupunhwwn o [0,1] hwndwond, pudupupnid G
(2) wuydwuht U npnig wowbguiubpp Juinp we Juinp qought b4, hwinhuwinmd bu w(/)g (0.1)

nwpwonipjwy  Dupwnwpuwonpimu ¢ (x),k=1,2,3, ...2N-1 pwghuny: Uywuwllup wyn
hpuunwnuontemun H , s Gdliu vh v x) e H , dmuljghw [uunpbh £ ubipluyugul
2N-1
vX)=Yve )
k=1
bupny:

Ujuhuynt,np v 0)=v )= 1:
Uwhdwind 2: 7 ¢ pmufjghwt Jubdwabup (1)-(2) Ggpuyht fuinph dnnwynp inionud, el
Judwjuljw ¢ x),¢= 2,...2N - puqhuwyht pniulghuyh hwdwn

Y [ewe w9 0+ e e W ix= [f()e xdx: )
0

k= 0
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Rwthnn v x )= -, n=1,2,....2N-1, wuyu wohuwjntlipp hwinhuwimd Gu (1)-(2) utnph d2qphn

modwy Uninunp wpdbpubipp guigh hwugnygulipnid:
Juunwnlbiup

1
(pi. 0" )= I@(x)(ﬂ,', (X)¢" x)+ (D)@ ()¢ x) dx,k (=12, 2N-I,
0
Vv v v s b U =€ o fon : Wwawnidalipp, npuntin
1
f, = If(x)go{ x)dx, (=1,2,...2N-1:
0

(5) hunfwljwnpgp Gupnn Bup gpi

AV=f
wnliupny:
Umhdwond 3: Gpll @, » =), wyquw ¢ (x) b » x) puqghuwght dnibljghwbipp Jubduabip
onengnuw|:

Uit uh o | (x) pwqhuughtt $mulghw oppengntw| £ pninp dbwgwotlinhtt puguwnmmpjudp
P (e DU o Ml e (x0)-ppugumpulp ¢ (D9 - (D> @ (e L () U
» . (x)-h, wuwju gwugh hwugnyguliph pwuwlhg: Uu JSU-h §nnpnhuwnugh pniuljghwuliph
punhwunip b puduuihy Juplnp huwnnieynie k: Uyughund utintegutp, np A dwiphgp uhdbiuvphly L
hhtq wulpmuwqowyht, pun npmid dwiinphgh vhuyg @ hbinlywy viwpptipt G4 qpnyhg wwppbn:
1@7 . ,¢7 . : n—= O,l,...,N'l,

@ Lo o n=1,2,...,N-1,

@ .o =9 o _ 0= 12, N1,
@ o . = . ,p -n=12,.  N-1,
P Por =P 0= 12, N2

S quiplbipp Yunwpdt B (1), (2) dnplijugh@ ubnph huddwp, Gpe px) = 7", q(0) =0,

f(x) = 3— x, nph G2qphin monudp u(x)=(x - 2) ¢~ $muyghwd k: pgaliingd N=10 A dwnphgh
ny qnnyuljut twppbiph hopJudwo hwdwp uvinwgydty 6o htinbyon pobwdbipp

X2

= | . (02 CTde= 19,5597 (2, 00,1234,

PP =
X2n-2

X2n+2

@ o = [ @ (> (Tdc= 85483026 D,n=1234,

X2n-2
X2p

¢ o = | @@ (0> dx= - 55174026 D,n=1234,

9 o = [ 9.0 .. () de= - T1513-02€ 3,n=1234,
@ @ = | P ()L dx= 2655026 D n=123,

X2

npwnlin h=0,1, hulf w9 dwuh hwdwp utnwgyty G’

20_)
fo =20 01234,
75

15—
= , n=1,2,3.4
f2n 75

puuwaLbpn:
Suwpquiplatipp unwpytip b MATLAB thueliph thgngny N=10 nliwgpnid, wpnyniupnid unnwghiy Gap
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max|u(x,)—v | = ),00038

1=n<

Swquipljubipp gnyg o nwhu wowewnlynn pugqhuwyht Sniughwubtiph niwpnmd JSU-p tiwhu &
puduljuwuurswth pundp Jupgh dnnipyniu:
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