Midterm Exam
11/02/2021

1.

z’—=f(x u):—u2+sinx, u, :0—>u(0.2):
( E3] radian, A% glo] sin(0.1)~0.1) EH A% —1)
(1) Euler's explicit method: Ax=0.1 > u(0.2)=u, (5 pts)

u =1u, +f(x0,u0)Ax=O+(—02 +s1n0)(0.1)=0

t, =1, + f (x4 ) Ax = 0+(=0 +sin (0.1)) (0.1) = 0.00998334
(2) 4-th order Runge-Kutta: Ax =0.2 - u(0.2) =u, (10 pts)
k= f(xy,uy)=0

k, f(x0+ Axu0+;kAxJ:f(O.l,O):sin(O.l):0.0998334

bl
I

: f(x +—Ax, u0+;k Ax) 7(0.1,(0.1)sin(0.1)) =~ (0.1)sin (0.1) ] +sin(0.1)= 0.0997337

ky = (%, +Ax,u, + kyAx) = £(0.2,0.0997337(0.2)) = 0.1982714

=y + 6(k +2k, + 2k, +k,) Ax=0.0199135

2.
du _u, —2u+u,, Uy — 204+ T e S P
T e IR I
%zuiﬂ_ui—l(zpts) {L_L},_ +[6— 2 }u+{ ! + > }t =0
dx  2(Ax) (Ax)" 2(Ax) [ (A || (ax) 2(Ax) [
Ax=0.25, u, =2, %z—S—)u_l =u, +2.5(2 pts)
i=0: 6y, —26u,+26u =0 320 0 0 ||y 37
i=1: 6u,—26u, +26u, =0 IR -26 26 0 O ||u, _ -12 (4 pts)
i=2: 6u, —26u, +26u, =0 6 26 26 0 ||u,
i:3:6u2—26u3+26u4:0 0 6 26 26]|u, 0

(2) useet o — u(0)=c +e, - {cl —u=e" +e>* (3 pts)
u'=-2ce —3c,e™ u'(0)=—-2¢, -3¢, =-5 c,=1

graph: u(O) = 2 Tonotonically decreasing_ 4, (1) =e’+e” (2 pts) (T zze) ZEEAl gle™ -1)
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3.
[ L 1
a_uzui —U; Z_uzAg_u_)ui : U; =Aui A;‘H
L S ult :(I—FA—juil—A—uf1
Ox Ax Ax Ax
1(i=0,...,10
(2) A=-0.6, Ax=Ar=0.1, u = ( ' )—mj“ =0.4u +0.6u_,
0 otherwise
[=0: u =0.4u +0.6u,
l':D
t=05
—1t=1
t=2
\
S Mg w5
2 25 3 35 4 45 o
x (7 pts, St AL =0l)
4. (10 pts)
H 1 1 dH
u(x,y)zG(x)H(y)—>ya—u+xa—u=0—>de—G+de——>—d—G=——d—:c
ox Oy dx dy  xG dx vH dy
1 >
Lﬁ=c—>l£=cx—>lnG=lcx2+kl*—>G=kle2
xG dx G dx 2
1
Ld—H:—c%Ld—H:—cy%lnH:lcy2+k2* — H=ke 2
vH dy H dy 2

u(x,y):G(x)H(y):ke; “
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5.
(1) (5 pts each)

Round-ff error: (DCommon arithmetic operations (Addition, subtraction, multiplication, division), (@Large
computations, 3Adding a large and a small number, @Subtractive cancellation, (5Smearing, ®Inner

products
Truncation error: Taylor series approximation

(2) (5 pts each)

J explicit (forward): 221 — _qy 5 = (1-aAt) y, - stability: [I-aAf|<1
7); =—ay > Al .

implicit (backward): Pin =i -ay,,, = y,,; = —— y; — unconditionally stable

At 1+aAt
6.
= ZV = GRPSD (Zpts) '] ehicle mRtie - 1500)( 0 32 - 135 kg.m2 (2pts)
w L +Z
o) 2
J oy = sy X(GRpgy X GRy X GR ) + T oy + e = 0.05 % [EX 3x 4) +1+135=139.2kgem’ (2pts)

@) Ty = Ty X (GRygy + GRyy, +GRy ) = 50 (% x3x 4) — 400 Nm (2pts)

1

Fdrag = ECdAﬁ”ontpalrI/vethlcle + lumlleehicleg = %X 025 X 1 '8 x 1 2 X 202 + 001 X 1500 X 9'81 = 25515 N (2pts)

T, =F, R =25515x03=76.55 Nm ,

drag drag ™ “tire

_ Twheel - Tdrag R _ 400 - 7655
avehicle - tire — 1 ~( oA
J 139.2

eq

x0.3=0.697 m/s> (4pts)

. 3(2000)-3000
(3) w, :(engine rppm), @, :(motor), w, +2w, 3w, =0—> o, =

=1500 RPM (2pts)

" @ne 1500
el T GR xGR,  3x4

=125 RPM=13.09rad/s (2pts)
difff

V... .=R o  =03%x13.09=3.93m/s (Ipt)

vehicle tire™ wheel
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(4) a)matar

motor

— I/vehicle X GRd
R

Midterm Exam

i X GRyy X GR g, =266.67rad/s (1pt)

tire

1
]-;'e en X
i GRdiﬁ' X GR;y, x GRg,

=—125Nm (Ipt)

Tregena)wheel — _1 OOO X 10 / 03

]battery =

dsoC
dt

SOCﬁnal

AUE3028 CAE

= =—13333 A (Ipt)

Kmttery 250
=Luery 100 _ 13333100 5 =0.267 %/s (2pts)
dsocC

initial

=S0C, +7At=50+0.267x20=55.34% (1pt)
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