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Question 1 Answer the following questions.

(1) Find the indefinite integral / z cosz sinz dz.

(2) Find the integral / 23 logz dz.
1

2z —1
(3) Find the limit value lim —— .
z—0 x
d 2 2
(4) Find the general solution for the ordinary differential equation ﬁ =2 ;;/y
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(5) VVhenA:{4 9

} , find the eigenvalue of A.
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Question 2 When S is an area surrounded by a closed contour C, the two-dimensional divergence theorem of Gauss

(Green’s theorem in the plane)

holds for the vector function F(z,y) = Fy(z,y)i + Fy(z,y)j with derivatives (Fig.2.1). n is an outward unit normal
vector on C and df is a line element of C. Also, 4 and j are standard unit vectors in z and y axes respectively.

(1) When we put F = yj, calculate the area of the triangle shown in Fig. 2.2 by means of the line integration using

eq. (2.1).

//V'FdSz/F-ndé
s c

(2) Show that the right hand side of eq. (2.1) is written as

/F-ndéz/{Fmdy—Fydw}
c c
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dz(t)
dt
dz(t) = dy(t)

i Tar oo =0

+z(t) — 2y(t) =0
, 2(0)=1, y(0)=1 (3.1)

Question 3 Find the solutions for the following simultaneous ordinary differential questions with respect to z(t) and
y().
dz(¢)
dt
da(t) | dy(t)

it +7+5$(1§)=0

+z(t) — 2y(t) =0

, x(0)=1, y(0)=1 (3.1)
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(1) ZODERDOPNERESOAE & 729 AEE 0 L350, sin 42RO &,
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(3) FEHMEINR N2 DB R M DA% KD X,

Question2  As shown in Fig, 2.1, a cylinder (mass: M; radius: a) is set up on a horizontal plane, and two spheres (mass: m, radius: b) are
put in the cylinder. Then, answer the following questions assuming a <2b . The gravity acceleration is denoted as g.

{RATI- ~s faa o-art lactmacs thesmaizal L andtho lina suhink annnonto tha cantare of o cabatac e acenaad tohe nAd o
gER—— - - - — — - - ]

(2) As shown in Fig, 2.1, the reaction forces from the cylinder to sphetes are assumed to be Ri and R respectively. Find Ry and R,.
(3) Find the range of mass M so that the cylinder should not roll down.
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ZER FDFEEIE
(1) RIERIRREEA 8D 7,
(2) REEFN O FROZN IS, ZBEEETRAL TSN,
(3) ZAUIRTERNCTT, MBI OB REA LT EENY,
(@) fEpEx I E XL, FIUBROERAZFAL TOEOETA, 2771, TOBAE R Rl LHE
TR LT 2 E B Loz LT 2 &,
(5) 2RNTHRE LRIV,
(6) MIREFIMRIIAREFIMGE & bITEI L ET,
(7) R ICEE IV EWHRRRH LG, MERRCGIATLZ 8,
(8) 1B 2A, 5 THEREHEHA L THELIZZRY,
9) BRiH DRSS AHEAIETFERT TSN,

Notices
(1) There are 8 question sheets including a front sheet.
(2) Fill in your examinee’s number in the specified positions in this cover and each question and answer sheet.
(3) This examination booklet consists of only question sheets. Use other separate sheets for answers.
(4) Ifthe space is exhausted, use the reverse side of the answer sheet and write down “to be continued’ on the last line of the sheet.
(5) Answer all the questions.
(6) Return these question sheets together with the answer sheets.
(7) If given the instruction to draw a diagram, draw it on the answer sheet.
(8) Youmay use the approved ruler if you need.
(9) Raise your hand if you have any questions.
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(1) LUTORNOBEERT %L ¢, W », ERRT v vrvlw@)irt, J2TC z=x+iy &95,
@ —HER () WEHIL - VAL (o) ZEREHIL ()

(2) Fig 3.1 \ORT X 91, —HEE VICEY I a OFRERRIC, WEHE Y OfFER T 2525, BL, FHERE
DIFEH% p, BRBIOEN% po B LOWEEE V &2, LLFOMWIEA L,

(@) ZOWHBOEERT V¢ BIOVRNEE Y 2RO L,

(b)  PIRESRE EOUERIT IO v, & BRSO vy 23RO X, 7eds, (r, ONIMBEER L T2,

© HEIREC, 2R L,

d) PREAERT S x, y DI F, BIOF, 23RO X,

Question3  Regarding ideal fluids, answer the following questions.

(1) Show avelocity potential ¢, a stream function ¢ and a complex potential w(z) in the following flows, where z = x + iy.
(@) Uniform flow (b) Source and Sink  (c) Doublet (dipole) ~ (d) Vortex

(2) As shown in Fig. 3.1, a clockwise vortex of a circulation ~T, is added on a surface of a circular cylinder having a radius a ina
uniform velocity ¥, where the pressure on the surface of the cylinder is p, the pressure and the velocity at the upstream side are pg,

and V, respectively. Answer the following questions.
[a)  FUyen-rglag =gyl g aitr cnn‘pati e 7@ Hchinova Gieatine 1t

(b) Obtain the velocities v, and v, on the surface of the cylinder in the normal and tangential directions, where (r, 6) is the polar
coordinate.

(¢) Derive the coefficient of pressure C,,.

(d) Calculatethe forces F, and F, acting onthe cylinderin x and y axes.
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