Midterm Exam
10/30/2018

1. (Z+ 54)

%: yx’ =11y, y(0) =1

(1) explicit Euler:y'(0)=-1.1—> y(1) = y(0)+(Ax)y'(0) =1-(1)1.1=-0.1

(2) implicit Euler

Y1) = ¥(0)+(85)y (1) =L+ () YO (0 -1y ()| ~1-01y(1) > 11y () =1 > y(1) = 1] ~0.909
(3) Heun's w/o corrector: with the prediction of explicit Euler: y(1) = -0.1
y'(1)=y(1)(1)* ~1.1y(1) = -0.1+0.11=0.01

[¥(0)],,, = 2[y(0)+y(®)]- %‘)01 — 0,545 -5 y(1) = y(0) + (Ax) y'(0) =1-0.545 = 0.455

f(x,u):?i =-2u+x+4,u(0)=1 Ax=2

k,=f(x,u)="f(01)=-2(1)+0+4=2 (2 pts)

k, = f(X+Ax/2,u+k Ax/2)=f(1,3)=-2(3)+1+4=-1 (2 pts)

(1) 3rd order Runge — Kutta method

Ky = f(X+AX,u—kAX+2K,Ax) = f(2,1-2(2)+2(-1)2) = (2,-7) =-2(-7)+2+4 =20 (2 pts)
u(2)=u(0)+%(k1+4k2+k3)Ax:1+%(2+4(—1)+20)(2)=7 (2 pts)

(2) 4th order Runge — Kutta method

ky = f (x+Ax/2,u+k, Ax/2) = f (1,0)=-2(0)+1+4=5 (2 pts)

K, = f(x+Axu+k,AX) = f(2,1+5(2)) = f(2,11) =-2(11)+2+4 =—16 (2 pts)
u(2)=u(0)+%(k1+2k2+2k3+k)Ax 1+6(2+2( 1)+2(5)-16)(2) = -1 (2 pts)

(3) exact solution
-20+1=0—>b=1/2

u(x)=ae™ +bx+c——2ae ™ +b=-2(ae” +bx+c)+x+4 <
b=-2c+4—>c=7/4

u(x):ae’zx+lx+7¢—>l a+l Ha=-3

2 4 4 4
3 1 7 3 , 11
= —— —_ —_ = —_— 4
u(x) 4e +2x+4—>u(2) 4e +4 (4 pts)
exact @ u=2 3rd order R-K 4" order R-K
2.736263271 7 -1
Error (1 pt each) 156% -137%
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3. start with Taylor’s series

(0):F (%)= f (%) f'(xi)(2h)+%f”(xi)(2h)z (3 pts)
(2):F (%)= F(x)+ f’(xi)(h)+% £7(x)(hY? (3 pts)
(1)+2x(2): (%) +2F (%) =3F(x)+ F"(%)(3n*)+0(h°)

R f”(xJ:#[f(xi_l)—Sf(xi)+2f(xi+1)]+o(h) (4 pts)

4.

2 - . .

AUy UM gy oy su, =0.04, 1=012,3,4

ax (AX)

u'(0)=0.5- uzl(_Au‘)l =0.5—u_, =u, —0.2(backward difference:~1pt), u(l)=2 > u, =2

X

i=0(5pts):u, —2u,+u_, =0.04 > 2u, —2u, =0.24

UJ__UO —05% X_']_/K(S]@_ 7(:)]__([)__’ -3 ptS ——2 2 0 0 0— UO 0.24
(Ax) 1 2 1 0 0l|y| |004
i=1(2 pts):u, —2u, +u, = 0.04 [0 1 -2 1 0 [{u,+=4004
i=2(2pts):u, —2u, +u, =0.04 0 0 1 -2 1]|u 0.04
i =3(2pts):u, —2u, +u, =0.04 L0 0 0 1 -2flu) [-196
i=4(4pts):u; —2u, +u; =0.04 > -2u, +u, =—1.96
5.

ou ou e
xy&—awu=0<—u(x,y)=G(x)H(y) (5 pts: A= 2] ofe]r]o))
xde—G—Gd—H+yGH:0—>xde—G+yGH:Gd—H
dx dy dx dy
y(de—G+GHj:Gd—H—>de—G+GH:Ed—H
dx dy dx y dy
id—G+1=c—>ldG=C—_1dx—>InG=(c—1)lnx—>G=k1x(°’l) (3 pts)

x dG 1 dH G dx G X

2 Cc2
id—H=c—>0|—|_i=cydy—>InH =Y id = H=ke? (3 pts)
yH dy H 2

u(x,y)=kx ke =ka“Ye2’ (1pts)
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6.
(1) GR ——Z””g 60 _ (2pts), J =mR?_ =1500x0.3° =135 kgem* (2pts)
PSD — an A vehicle — ire
Zyw+Zsy 90 3
2 2
‘]eq motor X (GRPSD X GRTM x GRd|ff ) + ‘]wheel + ‘]vehicle =0.05x (EX 3x 4] +1+135=139.2 kg'm2 (2pts)

(2) Tuneet = Trnotor % (GRPSD + GRTM + GRdm ) =50x (%X 3x 4] 400 Nm (2pts)

Fiag = %cd Ao ParV e + Loy M e 0 = %x 0.25x1.8x1.2x 20° +0.01x1500x9.81 = 255.15 N (2pts)

Tyeg = Furog Rire = 255.15x0.3 = 76.55 Nm
Ao = Twhee'Jeq % Rie = %x 0.3=0.697 m/s® (4pts)
(3) By == (Dparir — Do) + Do :%(2000—3000)&000 _1500 RPM (2pts)
ring
o @ig 1900 100 RpM=13.09radis (2pts)

el T GR, xGRy,  3x4

vehlcle Rtlre Wheel — O 3)(13 09 3 93 m/S (1pt)

4) o

motor

_Vence , GR «GR,, xGR., =266.67radls (1p)
1

Tl =-125Nm (ipt
motor regen GRdiff XGRTM ><GRPSD o

Tregen@anest —1000x10/0.3
lpatery = \‘-’/ reel 250 = —133.33 A (Ipt)

battery

dSOC 100 _133.33 100

dt  tvC 50,000

£ 950C i 50+0.267x20=55.34 % (1pt

=0.267 %/s (2pts)

SOC,,,, =SOC

final — |n|t|al
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