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- L. Find the 'puéwer series solution of the following initial value problem about 1.

(15%)
. ) , ..x'vﬂ_yl +y—~=0
: T =2 :
T y=—4 :
£ - L Y

_2.(a)Find an-orthogonal matrix that diagonalizes the following matrix: (5%)

e a—

. C: the rectangle with vertices 1, 8, 8+51i, 1+4i.

(b) Evaluate: (10%)

—‘-'_.-'Wr""“‘..,_,_\_ cme 1"
2iz .

{or ™
(z+1-2§)~

C: any simple ¢loged eurve cnelosing (-1+2i)

- —— -~

N I R | - T
— 1-2 0 .- -
T [1 0-2) ) .
-(b) Show the result of diagonalization.-(10%)
" T -~ .3, (a) Evaluate: (10%)
§(z* - 42+ 8)dz
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V74 Solve the followmg equatlons Yoo T e

. 3 s ' .
a x-—-— = e"”‘ ’ ) . ‘ 10%
- (a) e Y= y - L - ( o)

. !
.4 . . .
) yi+yi-y =cos2es yi+2y) =0, (15%)

J’I(O)=y2(0)-—- o "‘7‘:."_*1 ) s - ’
. 2 -
Solve the boundary value roblem ou_Tu +gx, 0<x<L
£ p " &

with initial condition u(x; 0)—0 S ‘ S
and boundary condltlons u(0, t)=0, u(L t)—O ' H (25%)
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1. Bar AC has angular velocity of 2 rad /s in the counterclockwxse d1rectxon that is
decreasing at 4 rad/s®. The pm at C slides on the slot in bar BD. Consnder the
instant-shown. .owm T Tl - P e ,f'.'_‘. Tt
(a). Determine the angular velocnty,of bar.BD and the- velocnty of the pin relative to -

theslot.- - .~.m . o oarLaT o mT o [12,2_{

(b). Determine the angular acceleratlon of bar BD and the acceleration of the pin
relative to'the'slot.” . £ N T A B SOR [13%:[

2. The slender, 200-kg beam is suspended by a cable at its end as shown, If its other .
" endis subjected to a horizontal force of .>0 N, determme the lnltlal acceleratlon of
its mass center G, the beam's angular acceleratlon the tension in the cable AB, "and
the initial acceleration-of the end A" B [’25}]
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3. The- spool has a mass of 80 kg and a radius of gyratlon ks =04 m. If it is released
with an angular velocity of @ = 1 radfs determine how far its center descends down
- the plane before it attains an angular velocity of @ = 10 rad/s.
Uselhﬁ_enﬂmmelho.d only: ~ °~ - 7. -
(a) Neglect friction and the mass of the cord which of is wound around the central
core. [10%]
(b) Solve the problem 1f the coefﬁc:ent kmetlc fnctlon between the spool and plane at
Ais ‘u# 0.15. [15%]

4, The 10-1b slender rod AB is released with an angular velocity of ¢ = 0.2 rad/s when
it is in the horizontal position so that-it begms to rotate clockwxse A 2-1b ball is
thrown at the rod with a velocity’v = 60 ft/s. The ball strikes the rod at C at the instant
the rod.is ‘11_1‘ the vertical position as shown. Take the coefficient of restitution e.= 0.7.
(a) Determine the angular velocity of the rod just after the impact. [12%)]

{b) What is the veIOC1ty of the ball v if the answer of (a) is O rad/s? [13%]

(hmt use the prmcnple of lmpulse and momentum})
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(A) Ifa =2, sketehjhe.metlesusfork>0 anddeteumnejhe_m.nge.gf.kfor which
, the system is stable. ( 12%)

R

(B) ) I o=-3, determme the range of k for which the system is stable (6%)
©. QetenmngaleQsmlﬂe,yames_Qm with whmh at leastrone real value of the gam

sk canbe found to stabilize:the system (‘7%) R

' compensator . plant -

L "’»J @) | 60s)

- N amT. ™
&8

2, Con?ideg a systemfdescrib_éd; by the.following transfer function,
Y(s) s5-2 ’ B
T U(s) s*+3s+2 .
where=U is the input and ¥ is the output
(A) If the input « is given by u(f) = 3¢, determme the time response for the
__output, i.e; (O (Assume-y(0)= y(O) 0) (10%) T N
-~ (B) Determine the input x as functlon of time by which the output satisfies
‘y(t) 0for-t>.0 __(Asstyne u(O) =1y (8%) ) -
(C) K the input variable is constrained by o
- - lu(t) =100, - P

..—"

isit p0551b1e to keep the output ata constant. value at all tunes" Why? (7%)
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And, K= 2, T= E) m—eJ;ven -
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9. mﬂﬂﬁﬁﬂﬂﬂ{]ﬁmﬂlﬁﬁﬂﬁgﬂﬂﬂﬂlﬁm&hﬁﬂiﬁm (10%)
RIS 0- 3 mmAT S U $31 Gﬁmﬂlﬂl%':lﬁ¢0 001Imm
AR AHE(10%) - ﬁﬁ'ﬁﬂﬂlﬁjﬁuﬁ“ﬁﬁﬂﬂﬂﬂ% ? ﬁﬂﬂﬁﬁ ? (10%)111]
IZ@ME’H]"?ﬁE’%HQﬁWﬁE? (5%) St

- It . s *

3. (1) SRR abrasive flow machining(ATM) o - BT « A
BB R MR EIERRBIT - S [15%]
(2) il rotattonal molding Z‘(’Eﬁﬁﬁ ﬁ“*ﬂﬁﬁi}@%ﬁgﬂ? (10 %].
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——aw Ly
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4 Q) mam@ﬁ,ﬁm ﬁw@é@%ﬁ'&z&%ﬁﬁ- . [8 %

(2) %\?;ﬁﬁvéi ﬁ'wtlon weldmg 2{’E¥ﬁ$¥£ﬁﬂ%&$§ 7 %]

(3) Eﬁ%ﬂﬁﬂﬂ —‘:\isﬁﬁﬁ)\mfﬁE@ﬁEﬁﬂE—(cennets)Zﬂ]ﬁJﬁﬁ
[10 %] -
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1. A pin-connected structure is loaded and supported as shown in Fig.1.

Member CD is ng1d and is honzontal before the load Pi is apphed

GPa and a-cross- sectlonal area of 1000 mm?. Member B is a structural
steel bar with a modulus of elasticity of 200 GPa-and a cross-sectional

" area of 500 mm?-. The thermal coefficients-of expansion are 22x10%/°C

for the aluminum alloy rod A and 12x10%/°C for the steel rod B. After
the load P = 150 kN was applied , the temperture increased 100°C.
(a)Determine the axial stressesin bars A and B. ( 15%. )

(b)Determine the deflectionof pin D. (10% ) -

25m Sl 1.0m | p = 15;0 kN

T ' a i . AN
Fig L .
2. The shaft shown in Fig. 2 is’ s1mp1y supported at Aand D but is keyed
' against rotation at both points. .~ - -

(a) Find reactions'at thé ends, and draw a view of the elément at B on the

top_surface of the shaft. Show all stresses acting and their numerical
— . values. ("15% 6 )

.(b) Compute the > value of the maximum shearmg stress at B and the
"angle at which it acts. Make a view of the element properly oriented
showing maximum shearing stresses acting as well as the normal
stresses on all faces. ( 10% °) -

e

R | nu“i_
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5 A ﬂmlﬂﬂ beam AB carrying two, concentrated loads P(Fig.% - )hasa rectanglﬂﬂf ’
Cross section of width- b 100 mm and helght h = 150 mm. The distance a from R T
the end of the beam to one of the loads is 0.5 ma. Determine the allowable value of
P if- the beam is constructed of wood having an allowable stress in bending
Caow = 11 MPa and. an allowable stress.in honzonta.l shear 7,5, = 1.2 MPa.
Disregard the weight of the bcam itself. (,7-
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4— Determine the equat:on of the deﬁecuon curve I'or a-cantilever beam AB
supporting a triangularly distributed‘load of ma:umum ‘intensity gq (I:'jg.é, .) .

Also, determine the deflection §; and angle of rqtatlon 6, at the free end< (2§ /0 it

S - LTt _-'-'f - . . -
LT g T -
do .
T Sy -
-‘.‘-.-‘ =
A I I T s .
A Y Y . i -
A4 .. , *
| Pl

- Fig, 4-' A Deflections of
cantilever beam with a'triangular load
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(25%)1.Air msrde a chamber’js: heated-from an initial volume and pressure of 1. 0 f and 1500
.psia respectively to a final volume of 8.0 f’. Calculate the total- work done. by the gas if the

expansion process is. qua31—stat1c "and g1ven by the relatron Pyt = constant
cne - . . - - N

,_x-‘-_

" - = a
- - . = .o - . - --

Lo - . e =

(?.5 %)2. A 1 ft3 cylmder contammg an 1deal gas at. a pressure of 10 atrn 1s lcept in a larger tank
at a pressure of 1 atm"and 535° R Calculate the work done, heaLtransferred and the change in

- L1y +
H

internal energy if- (the gas constant Ris 0. 73) T T R R
(a)the. gas-starts leaking-slowly: such that the cylrnder and gas st1ll remains at’ a.,constant

S h e m e mes R

1 . a e

temperature (6%) N T T T e - S
- (b)If the cylmder is 1nsulated and process 1s ad1abatrc (6%)
(©)If the valve | is suddenly opened and the tank. pressure above a hypothetrcal piston_. _

P .‘_« -

falls to atmospherrc pressure The: cyllnder is insulated and the process is ad1abat1c 6%) .
(d)If the- process is polytr0ptc w1th n= 1 3 (7T%) e

> N
. ,
= - . _ ST e e - " v
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3 The pressure and temperature ar the begmmng of compressron of-an a1r-standard Diesel
cycle are 95-KPa arld 290 K, respectwely At the end of heaf’ add1t10n the pressure is

—, Y =

6.5 MPa and’ the temperature is 200{) K Determme e e

- L e— -

-'L—, = - -~ - - e

(a) the compressmn ratlo 8% .
(b) the thermal efﬁcrency of the cycle,. 8% -_ -

- 4 -

(c) Gihe mean effective pressure, inKPa. ~ 9% = - -

- -
— - - i o
R - - . .. e - =
- L. . -~ - - Te mme e - . - -
- -

¢ A cycle machme operates by mteractmg w1th a closed tank‘ _and a steady ﬂow device.
The tank has rlgld walls and is Anitially frled with_air at a pressure. B, ="400'KPa-and a
temperature, T = 300 °C. Water flows_at constant pressure through the steady-state

" device at a constant mass flow | Tate 0.5 Kg/sec. “The inlet ad outlet temperature of water

are T, =25 °C and Tow = 55°C. The operation of the cyclic machine stops when the
pressure: in. rank drops to half of its original value, i.e., when P, = 200 KPa Assuming

that air behaves as an ideal gas w1th constant specific- heats ats, C, =0. 72 KJ/Kg-K and R =

. 0.288 KJ/ Kg -K and water behaves as an mcompress1ble flUId w1th a constant spec1ﬁc heat

C= 42KJIKg-K Determine - "_, o e e

- - .

(a) the final temperature of the’ air in the tank, _ﬁ.%: e
" (b) the. change in, mternal energy;and entropy per unit mass. of air in | Lhe tank between its
initial and Fmal states, 6% . .

_ (c) the change in enthalpy and entropy per. umt rnass flow rate of water ‘between the inlet
"~ and-the outlet stream, 6% o . a— -
(d) the mlmmum volume of the.tank that should. be used to produce a work W 200 KI

- form the cyclic machme How long would this process take" 7% . -

-
-t —— - - - - - - - - -

[ - - — - * - - - - - - hl - - -
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(1) Consider the laminar flow of an _in'compressible. and, constant
- property fluid flows in a tube with the tube radius of r, at the fully

developed condition. ~ Determine (a) the velocity profile, u(r). ‘The

momentum equatlon for the laminar fluid ﬂow in tube is giving as: “*

o - (p/r)d(rdw/dr)/dr = dp/dx,

where the pressure gradient, dp/dx, is constant, y is the fluid viscosity
(b) Calculate the pressure drop per unit length, dp/dx, in the fully
developed. region for the laminar flow of 20°C water through a tube
with the radius r, = 1.35 cm, water den51ty, 0=1000 kg/m® ) vnscosnty,

1=l 01x10'3 Ns/m . The mass ﬂow rate of the stream is M— 123.72

kg(hr" C‘Zf‘/) T - .

- -

(2) A constant property liquid is kept within two large horizontal-
parallel plates in which the upper plate is moving with a constant
speed U, while the lower plate is maintained stationary: The vertical
distance between “the ‘two parallel plates is L. The upper plate is“
mamtamed at a constant temperature of Ty and the lower plate is
insulated. - “(a) Determmg the. temperature of the insulated plate, .
expressing your result in terms of fluid .-properties and the
teﬁﬁéramre,ang -speed of the moving plate. (b) Obtain-an expression’
for the heat flux at the moving plate. .Assuming the liquid velocity is
linear dlstnbutlon between the plates. The energy equation is given q

——

as: - - - -

pe(udT/Ox+vOT/dy)= B(kaT/ox)ox-+o(kaT/oy)/dy+a(naT/ay) dy

You can simplify the above equation for obtaining the solution. (2.£/7)
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(3) The corcentric cylinder Viscbmeter show_n in Fig.1 uses a_falling o
weight W to produce ‘a constant rotational speed of the inner cylinder. -~
Find the require werght if the inner cylinder rotates at 30 rpm and the

ﬂuld in the v1scomefer is gasolrne at- 50°C (p.—-2 39x10% N s/mz) (25%)

- ~

-

= - - .
(4) Experimental measurements are made in a low-speed air jet to
determine. the drag force on:a circular cylinder., Velocity measurements ‘
at two sections, where the ] pressure is umform and equal grve the results
shown in Frg 2.. Evaluate the drag force on the cylmder per unit width. ]
Express . your result” usmg  the ~ parameters shown in the. ﬁgure

(u=Usm(2—), 0<y<a; u=U, y>a)(25%)! : w
- a’- - it ) v

-

SR |goon e LT : - -
e | —— ; SR |
“r' S : .

Ha' . ’ - ’ gt_. =

{0.0cm L - ' z U=
%' 2= 1l 0.0 , »

% I"JEm" :

Fig_.-l___ o , .- Fig2
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I. Find the arc lefgth of the graph of Yy =6+ 1/(2x)
on the interval [1/2, 2]. " i (25%)

- -

-

2. Aferce’of 750 pounds cémpresses a spring 3 inches from its
natural length of /5 mches _Find.the work dong¢rin. .,
compressing the spring an "additional 3 inches. (25%)

—
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