2 zeixnep zehiy dhiy ly xcq ,zepey‘x zehiy meyii :x”cnl zehiy .1 libxz

zixlwqd diirad ly wiecnd oexztd (‘) .1 x^′ = x , x(0) = 1 oaenk ‘ed x(t) = e^t ,Trapezoid ,Midpoint ,Improved Euler ,Backward Euler ,Euler zehiyd 6-a ynzyd -a ynzydl yi dhiy lkl .(x(1)) t = 1 xy‘k oexztl aexiw ‘evnl ick Runge-Kutta meyiia dxfr yi qxewd xz‘a :dxrd) .h lr zerhd ly zelzd z‘ wecale ,h =^1_{10} ,^1_{20} ,^1_{40} .(Trapezoid-e Backward Euler zenezqd zehiyd milawn xliie‘ zhiy ici lr .‘ sirqa diirad z‘ mixzet xy‘ky gked (a) x_i = (1 + h)^i zzl leki dz‘ m‘d .h → 0 xy‘k e-l s‘ey ok‘ x(1)-l milawny aexiwdy dfn gked ? zehiyd x‘yl dnec dgked diirad xear .‘ sirq lr xefg (b) y^{′′} + 2y = cos t , y(0) = 1 , y^′(0) = 0 .y(t) = cos t ‘ed ely wiiecnd oexztdy diirad z‘ zxzet y(t) divwpetd .2 y^{′′} = −ty + cos t , y(0) = y^′(0) = 0 zhiy ici lr y(2π)-l miaexiw ‘vn .10^{10} jeza 1 wlg ly weicl y(2π) z‘ ‘evnl yxcp xtqnl ocne‘ ‘vn jly ze‘vezd jezn .micrv 80-e 40 ,20 mr iqlwd Runge-Kutta jly dxrydd z‘ weca .ievxd weicd z‘ lawl ick ynzydl jixv ziidy N micrvd la‘ jildzd lr xefg .micrv 2N-e N mr Runge-Kutta zhiyn ze‘vezd aeyig ici lr ?dliri xzei dhiy dfi‘ .midpoint-d zhiy mr Lorenz ze‘eeyn ly zepexzt (zixnep) ‘vn .3 x_1 x_2 x_3 ′ = p(x_2 − x_1) rx_1 − x_2 − x_1x_3

x_1x_2 − qx_3 mixwnd z‘ wecal yi .mireaw md p, q, r xy‘k p = 10, q = 8/3, r = 28 (‘) p = 10, q = 3, r = 18 (a) p = 10, q = 8, r = 18 (b) zepexztd z‘ xiivl Matlab-a xfrdl yi .x_0 dlgzd i‘pz ly xtqn xegal yi dxwn lkl .agxna zenewrk (x_1(t), x_2(t), x_3(t)) ly z(t) daebd ,rwxwd lrn θ zieefa diipyl xhn 200 zexidn mr xeck mixei xy‘k .4 ze‘eeynd z‘ miniiwn exewnn r(t) wgxnde xeckd r^{′′} = −0.001r^′ √ r^{′2} + z^{′2} z^{′′} = −0.001z^′ √ r^{′2} + z^{′2} − 9.8

r(0) = 0 , z(0) = 0 , r^′(0) = 200 cos θ , z^′(0) = 200sinθ xy‘k r(t) ly jxrd ‘ed geehd) θ ly divwpetk xeckd ly geehd z‘ ‘evnl dpkez aezk ? ilniqwn geeh milawn ,jxra ,θ dfi‘l .(dpey‘xd mrtl 0-l xfeg z(t)

(d − 1 cninn X) X^′ = F (t, X) zinepehe‘-‘ld zkxrnd z‘ aezkl ozipy epxn‘ xeriya .5 miazeky ici lr x^′ = f(x) zinepehe‘ zkxrnk

x = ( X t ) , f(x) = F x_d, x_1 . . x_{d−1} 1 zkxrnl d‘ad dhiyl dlewy x^′ = f(x) zkxrnl iqlwd Runge-Kutta zhiyy d‘xd :X^′ = F (t, X)

K_1 = hF (t_i, X_i)

K_2 = hF ( t_i + 1 2 h, X_i + 1 2 K_1 )

K_3 = hF ( t_i + 1 2 h, X_i + 1 2 K_2 ) K_2 = hF (t_i + h, X_i + K_3)

X_{i+1} = X_i + 1 6 (K_1 + 2K_2 + 2K_3 + K_4)

(.mixtqd aexa dhiyd z‘ miazek day dxevd df)

dhiyd xcq z‘ ‘vn .6

x_{i+1} = x_i + h ( α_1f(x_i) + α_2f ( x_i + 1 2 hf(x_i) ) + α_3f(x_{i+1}) )

.α_1 + α_2 + α_3 = 1 mr mireaw md α_1, α_2, α_3 xy‘k ,x^′ = f(x) ze‘eeynd zkxrn oexztl ? 2-n deab didi xcqdy jk α_1, α_2, α_3 xegal ozip m‘d mixgea xy‘k milawn dhiy dfi‘

? α_2 = α_3 = 0 ,α_1 = 1 (‘) ? α_1 = α_2 = 0 ,α_3 = 1 (a) ? α_1 = α_3 = 0 ,α_2 = 1 (b) ? α_1 = α_3 =^1_2 ,α_2 = 0 (c)

? dl‘ zehiyn zg‘ lk ly xcqd ‘id dn dhiydy jk a_{21}, a_{31}, a_{32}, w_1, w_2, w_3 mincwnd lr mi‘pz ‘vn (‘) .7

k_1 = hf(x_i) k_2 = hf (x_i + a_{21}k_1) k_3 = hf (x_i + a_{31}k_1 + a_{32}k_2) x_{i+1} = x_i + w_1k_1 + w_2k_2 + w_3k_3

(.three stage Runge-Kutta z‘xwp efk dhiy) .2 lrn xcqn didi diydy jk a_{11}, a_{12}, a_{21}, a_{22}, w_1, w_2 mincwnd lr mi‘pz ‘vn (a)

k_1 = hf (x_i + a_{11}k_1 + a_{12}k_2) k_2 = hf (x_i + a_{21}k_1 + a_{22}k_2) x_{i+1} = x_i + w_1k_1 + w_2k_2

lawl ozip m‘d (.implicit two stage Runge-Kutta z‘xwp efk dhiy) .2 lrn xcqn didi mr 2 lrn xcq lawl ozip m‘d ? w_1 = w_2 -e ,a_{11} = a_{22} ,a_{12} = a_{21} mr 2 lrn xcq ? w_1 = w_2-e ,a_{11} = a_{22} = 0