Midterm Exam
10/31/2017

1 (#2r g 24, Al 37)

round-off errors (WF-2% 2 2}): result when numbers having limited significant figures are used to represent
exact numbers

examples: common arithmetic operations, large computations, adding a large and a small number, subtractive

cancellation, smearing, inner products, Numbers (z,e,/ ) & 3} (&2 oA = H5X)

truncation errors(' 2 %}): result when approximations are used to represent exact mathematical procedures

examples: Taylor series

2. (7F 4pts) (B 9E=7 5 2pts, § shuRF Bt A9 3pts)
2 2 2
f Il+2x dx—>2f X+X +c¢>c—2—>y—w
) idM 7|27|2 (+DoM yE o=
Euler's method
X y dy/dx exact
0 1 1 1
05 15 244949 1890625
1 2724745 4
) idlAM ZIZ7|e2t (+D)oM Z[E7]e] B2 (+1)UAM yE 0=
Heun's method withoud corrector
X y dy/dx x end y end |dy/dx enddy/dx avg
0 1 1 05 15 244999 1724745
05 1862372 2729375 1 322709 5389204 4059291
1 3892018
@) (i(+0.5*h)0M 7|2712 (+DoM yE HF
Mdpoint method
X y dy/dx | xmd | ymd |dy/dx mio
0 1 1 025 125 1677051
05 1838525 2711845 075 2516487] 396586
1 3821455
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k, :iol A 717
. k, tiell Al k71715 (|+;j01 71
(5) 71=71 ¢=g(k1+2k2+2k3+k4)<— )
k,:iol A k71 &7 &2 |+2j°ﬂ/\1
ky tiol Al k712712 (i+1)9ll4] 71<7]
4-th order RK method
X y kl=dy/dx| xmid ymd P=dy/dxn| y3 k3 x end y end k4  |phi=dy/dx
0 1 1l 025 129 1677051 1419263 1786990 05 1893494 2752087 178009
05 1890014 2749554 075 2577403 4013573 2893408 4252505 1| 4016267] 6012188 421565
1 399784
3. (5 pts)
oy 02 A dz_dy, | dz_dy
NPTl T e A T ae dx
dz d’z
2(0)=%(0) =1 £(0)=y,(0)=0, $£(0)=y.(0)=-1
dy.
d_xl =y, wherey, (0)=1
dy.
d_x2 =y, Wherey, (0)=0
W, _, here y, (0) = -1
dx YitY, =% ygwereys( )_
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4. 3*4 Jgle ZQIEo| Cfst a2 (FYLfR0) 3*4F OK)}t O|X|= ®7| 5F) (A2[E e &4

o
oT

r

50C

THEEO it 4 R= GH), WEEM it 4 7= 6F)

oT T1-T.
ot _ha—Tua 4

@O0 T, +0+T,, +T,, -4T), =0—2—22%—4T 2T -T,,=0
@@ T, +0+50+T,,-4T, =0—>-T,, +4T, -T,, =50

T _Tio-Tap

@(0,2) T, +T,, +T,, +150—4T,, =0—2 28 5 T, 44T, —2T,, =150
@(L2) Ty, +T,, +50+150-4T,, =0 — —T,, -T,, +4T,, = 200
4 =2 -1 0T, 0
-1 4 0 -1||T,| |50
-1 0 4 -2||T,,| |150
0 -1 -1 4||T,| |200

AUE3028 CAE 5



Midterm Exam

10/31/2017
5.
explicit implicit

+1 11— D

concept
Al I Fall I
w1 w1
i=1 i i+ 1 i—1 i i+ 1
2 1+1 1+1 1+1

Space O°T _T-2T'+T), 0 T2 = T — 2T, 2+TH
(3 pts) ox? AX? OX (Ax)
Time or T -T ot TH-T
(2 pts) At Y

kTi|+1_2TiI +Til—l :TiHl_TiI I+1 I I+1

(AX)Z At 1+ 22 _l s 0 Tl Tl + /1T0
o . N -4 1+22 - 0 ||T,® T/

(2 pts) T =T +4 (Ti+1 —2T, +Ti—1) : : : s :

where 1 = kAtz 0 0 <o 1424 TrTI]+l Tnl1 + ﬂTnI]ﬁ

(4x)
Stability kAt 1 1(Ax)° 3

A= s <— > A<~ Unconditionally stable

(3 pts) (Ax)" 2 2 k
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6.
3 3013
(1) Fiio = M F, =0.5x2,000=1,000 N, Ry 2( o r'g) = 2(0'22 0'12) =0.1556 m
( out rm) 3(02 -0.1 )
Tou = Fric R =1,000%0.1556 =155.6 Nm (4 pts)
Vveh 10
(2) @y =™ ORyy GRy =% 254 = 266,67 1adls, E, = K, =0.4x266.67 =106.67 V
T 50

I =%“”=?= 25 A, V=IR+E, =25x10+106.67 =356.67 V (6 pts)

t

(3) wheel (T +T

eng motor

)GRZ, GRZ +J, 1 + My RZ, = (0.2+0.05)x8% +1+1,500x 0.3% =152 kgm?

)GR,,,GR;, = (30+50)x 2x4 =640 Nm
‘]eq = (‘]eng motor

Fy = 2C AoV + i M g =%x0.25><1.8><1.2><102 +0.01x1500%9.81=174.15 N

drag ZE d

Tonest — T, -
drag Rtlre 174.15x0.3=52.25 Nm ! a'\/ehicle = WheEI‘] = Rlire = 640155;225 x0.3=1.16 m/SZ

€q

drag

(9 pts)
W

battery — V.
battery

moor 13333 _ 333 A (6 pis)

=50%x266.67 =13,333W , |
250

@) Wooor =T,

motor motor motor

dsoc | 100 100 ;o0 100

Cdt e 50,000

t, =SOC, —— — —50——_—468.75s, s, =V

driving ini dSOC / dt 01067 vehicle drlvmg

=0.1067 %l/s,

=4687.5m
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