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1. (15%) Solve the general solution of the following non-homogeneous differential

equation
y"+y =Cosx+secx

2. (10%) Experiments show that in a temperature field T=x- 3xy2 , heat flows in

the direction of maximum decrease of temperature T. Find this direction in general

and at a given point F: (\/—é , «/—i) )

II.
1. (7%)Forfl)=3+ /3082t + sin2t + sin3t — cos(5t+ 7 /3)/2, find the compact
Fourier series representation for f@).

2. (10%) Determine which of the following functions are periodic. For periodic

functions, find the period.

A. 3sinf+ 2sin3¢

B. 2+ 5sindt + 4cos7t

C. 2sin3t+7cos7t

D. 7cosmt+Ssin2mt

E. sin(5t/2) + 3cos (6t/5) + 3sin(#/7 +30°)

3. (8%) Determine ff) from fi) = -1 + fify*e™. Note that the term foyre™
represents the convolution integral of /() and e '

118
1. With a matrix A and a vector b given:
1 3 5 4 1
A=|-2 2 6 2 b=|2
3 1 -13 3

(a) Find the rank of A. (3%)
(b) Find the homogeneous solution to Ax = 0. (2%)
(c) Solve Ax=b (5%) and explain the relation between x and the homogeneous

solution of Ax =0 (3%).
2. With a matrix A given:

A=

[N T S R e
N O N
[« 20 ST

Compute the eigenvalues and eigenvectors of A (12%).
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V.
1. (14%) Evaluate the following integrals (counterclockwise) using the methods

5
discussed in Complex Analysis. (a) fc 42 +21 T C: |z|=3; () §CI£_3, C:
zt =2z -z

lz| =3.
2. (11%) Solve the homogeneous Euler-Cauchy equation

x3y”'+x2y”—2xy’+2y=0.
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Part I: Thermodynamics (65%)
L.

5%. What are the meanings of heat and work? Discuss the similarities and differences between
heat and work?

5%. A substance whose Joule-Thomson coefficient is negative is throttled to a lower pressure.
During this process, (select the correct statement)

(a) the temperature of the substance will increase.

(b) the temperature of the substance will decrease.

(c) the entropy of the substance will remain constant.

(d) the entropy of the substance will decrease.

(e) the enthalpy of the substance will decrease.

10%. If an open system is interactive with its surroundings through the three mechanisms mass,
heat and work transfers. What are the possible mechanisms, which can cause the changes of the
internal energy, the entropy, and the exergy of a control volume, respectively? Please discuss the
change one by one.

15%. Derive relations for the specific enthalpy and entropy changes of a gas that obeys the
Nobel-Abel equation of state p(v-b) = RT. Assume that in the range of interest c, varies
according to the relation ¢, = ¢ + ¢ T, where ¢; and c; are constants.
Note: dh = ¢,dT + [v - T(6v/0T),] dp, and ds = (c¢,/T)dT - (6v/0T), dp

15%. Compare the vapor-compression refrigeration cycle with an absorption refrigeration cycle
by drawing the schematics for the two cycles and explalmng the differences.(10%)
Individually explain how do you use the solar energy to drive these two refrigeration
systems.(5%)

15%. Consider a steam power plant operating on the simple ideal Rankine cycle. Steam enters
the turbine at 3 MPa and 350°C and is condensed in the condenser at a pressure of 75 kPa.
Determine the thermal efficiency of this cycle. Also, determine the thermal efficiency of a

Carnot cycle operating between the same temperature limits. (Tables are given in the next page.)
T, °C

350

Part II: Conduction and Radiation (35%)
7.

15%. A copper slab (k=372 W/m K) is 3 mm thick. It is protected from corrosion by a 2-mm-
thick layers of stainless steel (k=17 W/m K) on both sides. The temperature is 400 °C on one

side of this composite wall and 100 °C on the other. Find the temperature distribution in the
copper slab and the heat conduction through the wall.

15%. A large thin concrete slab of thickness L is “setting,” Setting is an exothermic process
that releases ¢ W/m>. The out side surfaces are kept at the ambient temperature, s0 Ty = To.
Solve the temperature distribution in terms of ¢, L and T.. What is the maximum internal

temperature? (hint: Write down the appropriate steady heat conduction equation and solve the
equation with the given boundary conditions.)
5%. Why glass is used as the “green house” material?
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Saturated water—Temperature table {Continued)
Specific wilume, intermnal energy, Enthalow, Entropy.
m5kg kg kifkg kifkg - K
Sat. Sat. Sat. Sat. Sat. Sat, Sat. ‘Sat. Sat.
Temp., press.; liguid, vapor, liquid, Evap., vapcor, liquid, Evap., wvapot, liquid, Ewvap., vapor,
T°C Pt KPa %y Vg uy Ly e hy e hg 5 See &y
330 12,858 0.001560 0.012979 1805.7 9935 2459.2 15258 11403 2666.0 3.551z 1.8906 G.4422
335 13,707 0.001597 G.0l1848 1537.5 o455 2483.0 15594 1086.0 26454 3.6050 1.7857 53207
340 14,601 Q.0015638 0.010783 1570.7 893.8 24545 15945 1027.4 26220 3.6602 1.6756 B.3388
345 15,541 0.001685 Q009772 1505.5 837.7 2443.2 1531.7 263.4 2895.1 3.7179 1.5585 52765
380 16,529 0.001741 00088086 16424 7759 24183 1671.2 892.7 2563.2 3.7788 14326 52114
Saturated water—Pressure table (Continued)
Spacific voiunie, Internal energy, Enthalpy, Entropy
m3¥kg kg klkg kifkg » K
Sat. . Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liquid, vapat, liquid, Ewvap., vapor, liquid, Evap., vapor, liquid,. Evap., vapor,
P kPa Tat °C v Vg Uy Uy Ug hy Ny hg & g S
75 91.76 0.001037 22172 38436 2111.8 24961 384.44 2278.0 2662.4 1.2132 6.2426 7.4553
100 99,61 0.001043 1.6941 417,40 2088.2 25056 41751 22575 2675.0 1.3028 6.0562 7.3589
101.3256 99.97 0001043 1.5734 41895 2087.0 2506.0 419.06 2255.5 28755 13069 £.0476 7.3545
125 105.97 0001048 1.3750 44422 20688 2513.0 44436 22406 25849 1.3741 56100 7.2841
150 1311.35 0001053 1.1594 46697 2052.3 25192 467.13 2226.0 2693.1 1.4337 57894 7.2231
1760 205.72 0Q.001186 0.11344 876.12 1720.6 259%96.7 87816 1917.1 27952 2.3844 4.0033 6.2877
2000 212,38 0.001177 0.089587 ©06.12 1693.0 2599.1 S08.47 1889.8 2798.3 2.4467 3.8923 £.2390
2250 218.41 0.001187 0.088717 933.54 1667.3 26009 9356.21 1864.3 28005 25029 3.7925 &.2954
2500 223.85 0.001187 0.0799852 ©58.87 1643.2 2602.1 961.87 1840.1 2801.9 2.5542 3.7016 6.2558
3000 233.85 0.001217 0.066667 1004.6 1598.5 2603.2 1008.3 1794.9 2803.2 2.6454 3.5402 6,1855
Superheated water (Continued)
T & t h s v u h s v u fr s
°C m¥kg klkg  klkg kikg-Klm3kg klkg kikg kikg-K |mikg  klkg klkg klkg K
F = 2,50 I4Fa (223.95C) P = 3.00 KPa (233.85C) P = 3.50 MPa (242 52C)
Sat. 0.07995 2602.1 2801.9 6.2558 |0.06667 2603.2 2803.2 6.1856( 0.05706 2603.0 2802.7 61244
225 0.08026 2604.8 28055 6.2629
250 0.08705 2663.3 28809 6.4107 {0.07063 26447 2856.5 6.2893| 0D.05876 26240 2824.7 61754
300 0.09894 2752.2 3009.6 6.5459 [0.08118 2750.8 29943 6.5412| 0.06845 27388 29734 64484
350 0.10978 28525 31270 6.8424 |0.09056 28444 3116.1 &.7450| 0.07c80 28360 31049 56501
400 012012 29398 3240.1 7.0170 |0.09938 29336 323_1.7 6.9235| 008456 2927.2 32232 68428
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1. 10%. Nomenclature
a. fully-developed flow b. Reynolds stress
c. irrotational flow d. hydraulic diameter
e. Newtonian fluid
2. 5%. What is the major difference between Lagrangian approach and Eulerian
approach? What type of the approach is commonly used in viscous flow problem?
Why?
3. 10%. The velocity field of a flow is given by u=- Voy/(x2 + y2)2 and v =
Vox/(x2 + y2)1/2, where V, is constant. Where in the flow field is the speed
equal to Vo? Determine the equation of the streamlines and discuss the various
characteristics of the flow.
4. 5%. What are the main differences in drag force between flow past a streamline
body and flow past a blunt body? Why?
5. 5%. Explain the three types of flows: laminar, transitional, and turbulent flow.

What are their characteristics, respectively?
. 12.%.The equation of motion in the x-direction is
oo, Oty 01, _ p[ ou Ou Ou auJ

(o)

pg, +—=+ +—= —+U—+Vv—+w—
Ox oy 0z ot Ox Oy 0z

(a) Write down the corresponding equation of motion in the y-direction.
(b) What are the stress tensor, o, 7,,and 7, ,if the fluid flow is inviscid.

yx?
7. |8%. A copepod is a water crustacean approximately 1 mm in diameter. We want
to know the drag force on the copepod when it moves slowly in fresh water. A scale

model 100 times larger is made and tested in glycerin at ¥ =30¢" o The measured

drag on the model is 1.3 N. Assume the temperature is20°C, the properties are listed
below

Water Glycerin
D,=1 mm D, =100 mm
— G —O
v,=7 : v, =30,
_ s

p, = 998"%3

k.
#, =0.001 %m

F,=? F, (measured)=13N

We know the force on the sphere is a function of D, V, p, and p. i.e. F' = f (D, V,p, u)
(a) Non-dimensionalize the functional relationship.
(b) For similar conditions, what is the velocity ¥V, =?

(c¢) The drag of the actual copepod in water F, = ?
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8. (10%) Give the definition of Prantd] number and its physical meaning. Sketch the
dimensionless velocity and temperature profiles in the boundary layer of a liquid
metal flowing horizontally over a cold flat plat (The liquid metal has very small
Prantdl number, say 0.01). Dimensionless velocity and temperature are respectively

defined as

ooy uy)

u(y) A

= T(y)-T

T = s
() T -T

where U, and T, are free stream velocity and temperature. T; is the surface
temperature. (Be careful about the relative magnitude of the boundary layer

thicknesses of u(y), and T(y)

Fluid
Pr«1

b

i
>

9.( 5%)Draw velocity and temperature profiles in the boundary layer of a cool
vertical flat plate (natural convection) in hot air.

air at 30°C

NONCN N
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10 (10%) For a vertical cylinder in the air with kinematics viscosity v, thermal
diffusivity o, volumetric coefficient of thermal expansion B, the convective heat
transfer coefficient averaged over the cylinder surface is he. The length L is larger

than the diameter D (D<<L). Gravitational acceleration is g. 4
The surface temperature of the cylinder is Ts. (Te>Tw) I];” L
Air
===
~—Y
D

(2) In case that a horizontal air flow with velocity U approaches the cylinder and
forced convection is dominant (compared to natural convection). What are the two
major dimensionless parameters (grouped from the above dimensional quantities) that
the Nusselt number of the forced convection depends?

(b) In case that the free stream velocity is zero (i.e. U,=0), there is only natural
convection. What are the two major dimensionless parameters (grouped from the
above dimensional quantities) that the Nusselt number depends?

(c) In the case of U=0, only natural convection occurs. Which of the following two
cases would result better heat transfer rate (larger hc)? Explain your answer.

Case I: The cylinder is vertical.

Case I : The cylinder is horizontal.

11. (10%) Derive the integral energy equation of the laminar boundary layer for
low-speed flow (Hint: consider the control volume shown in the following figure)

d g or.,
ol C=Tudr—a ), =0

» B
.
e

{

t

{

1

1

}

1 Temperature Veloeity
: boundary layer boundury layer
1

1

!

!

i

() thickness, &, thickness, &

|

dx

>mj

3%
Sm)
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()  Ahot-rolled steel specimen has a yield strength of S, =S, =100 kpsi. The Young’s modulus

and the Poisson’s ratio of the steel are E =30x10° psi and v =0.3.Estimate the factor of
safety for the principal stress states o, =25 kpsi, 0, = 25 kpsi and o, =25 kpsi

(1) ( ) By using the maximum normal stress theory, the factor of safety is

(A) n=0.5 B) n=1.0
(C) n=20 (D) n=4.0
E) n=w

(2) ( ) By using the maximum shear stress theory, the factor of safety is

(A) n=035 B) n=1.0
(C) n=2.0 D) n=4.0
(E) n=w

(3) ( ) By using the maximum distortion energy theory, the factor of safety is

(A) n=05 B) n=1.0
() n=2.0 (D) n=4.0
E) n=w

()  Aspecimen of annealed Titanium having an initial diameter of d, =0.505in was tested in tension
" using a gauge length of £, =2.000in . A gauge lengthof £=2.310 inch, i.e. a cross section area
A=0.1735in’, was measured under a tensile load of P = 14950 Ibf.

4) () The engineering stress of the specimen at this load is (A)74. 6 kpsi  (B) 86.2 kpsi
(C)69.9 kpsi (D) 98.7 kpsi  (E) None ' '

%) () The true stress of the specimen at this load is (A)74.6 kpsi (B) 86.2 kpsi
(C) 69.9 kpsi (D) 98.7 kpsi  (E) None

6) () The engineering strain of the specimen at this load is (A) 0.1132 in/in (B) 0.1550 in/in
(C) 0.3057 infin (D) 0.4132in/in (E) None

™) () The true strain of the specimen at this load is (A) 0.1441 in/in (B) 0. 2548 in/in
(C) 0.3057 in/in (D) 0.4132 in/in  (E) None

(Ill) A crankis loaded by a force F =3001bf that causes twisting and bending of a 3/4 inch diameter
shaft fixed to a support at the origin of the reference system.
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8 ( ) The torsional stress at a stress elementA is (A) 7, =-14500 psi (B) 7., = —44500 psi
(C) t,=14500 psi D) 7. = 44500 psi  (E) None

®) ( ) The maximum principal stress at the point A is (A) o, =3.82kpsi (B) o, = 47.1 kpsi
(C) o,=512kpsi (D) o, =93.87 kpsi (E) None

(10) ( ) The maximum shear stress at the point A is (A) T =2.56 kpsi (B) 7o = 4.76 kpsi
(C) 7, =11.2kpsi (D) Tpp =277 kpsi (E)None

% =3yt HA 5 0%

(I) - The block is subjected to the three axial loads shown. Determine the normal stress developed at
points 4 and B. neglect the weight of the block. (15%)

100 1b
2501b
501b

5 in:
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(I)  Determine the equivalent state of stress if an element is oriented 40° clockwise from the element
shown. Use Mohr’s circle. (10%)

(IIl) The state of stress at a pointina member is shown on the element. Determine the stress

components acting on the inclined plane AB. (10%) 14 ksi

(IV)  The short concrete cylinder having a diameter of 50 mm is subjected to a torque of 500 Nm and
an axial compressive force of 2 kN. Determine if it fails according to the maximum-normal-stress

theory. The ultimate stress of the concrete is o, = 28 MPa. (15%)
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(B) The angular momentum of the system about a fixed point O is conserved.

7 o -3
G R R LiEE!
Please choose the correct answers for problem 1 to problem 3
Please be noted that the correct answers for each problem may be more than one

Which systems are statically indeterminate systems? (5%)

|
!

i

e et o e et e

If there is no external forces act on the particles of a system, then which following statements are
correct? (5%) 4
(A) The linear momentum of the system is conserved.

(C) The angular momentum of the system about the mass center G is conserved.
(D) The velocity of the mass center of the system is constant.
(E) The acceleration of each particle in the system is zero.
(F) None of the previous statements is correct

Load B is connected to a double pulley by one of the two
inextensible cables shown. The motion of the pulley is controlled by
cable C, which has a constant acceleration of 228 mm/s? and an
initial velocity of 304.8 mm/s, both directed to the right.

Which following statements are correct? (15%)
(A) The initial angular velocity of the pulley is greater than 5 rad/s.
(B) The initial angular acceleration of the pulley is less than 2 rad/s?.
(C) The velocity of the load B after 2 seconds is greater than 1200 mm/s.

. (D) The number of revolutions executed by the pulley in 2 seconds is less than 3.
((E) The acceleration of point D on the rim of the inner pulley at t= 0 is greater than 1000 mm/s*

(F) None of the prev1ous statements is correct.

R e e i ant el o ;

e o

el

s,

e T

B, e e

et et e

TR —

T

e
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4, The disk has a radius of r = 0.3-m and a mass
of 8-kg. If the disk is released from rest on a
0 = 30° inclined plane, determine the angular
acceleration of the disk. The coefficients of
static and kinetic friction between the disk
and inclined plane are g, =0.15 and
- py =0.1, respectively. (25%)

5. If aforce of 40 N is applied to the grip of the
" clamp, determine the compressive force F
that the wood blobk exerts on the clamp and
the force at each pin. (25%)

e e S b it e ey

6. —EEEAM B LEHAT
a4t 3—BEEAMHLBE
BEE BT ENATHENETEE
ICSRE Y ESYY PEAT YT o8
RUBBFRATRET  EEHASA
085 B4 - (25%)

L. [TV S
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1. (10%) If the transfer function E, (s)/E,(s) showninFig. 1is. K i+—(l/b—),
s+(1/ab)

(a) (5%) determine the parameters X, a,b interms of R,R,R,,R,,C,C,.
(b) (5%) How to determine this network is a lead or lag network?

(-}‘2;

@ i
odepp—d L A

Ry, Spuidie &
Ei(s)

' E(5)
C“ -
Lead or lag netwark  Sign inverter

2. (20%) The block diagram of a linear system is shown in F ig. 2.

(a) (10%) Construct a parameter plane (K, versus X,) to show the stable
region.

(b) (5%) Find the steady state error in terms of K, and K, when a ramp
function input r(¢) =tu,(£) is applied.

(¢) (5%) Find the values of X, and K, so that the relative damping ratio ¢
of the complex roots of the characteristic equation is 0.5 and the rise time ,
of the unit-step response is approximately 1 sec. (Hint: using

t, =(1-04167¢ +2.917¢%)/w, )

R(s) +,~ E(s) x Lt 100 1 R{O
- ! 7 1+0.15)(1+0.55) 205
KZ
Fig. 2

3. (20%) Consider the open-loop transfer function for the system is
K(s+2)
5(s~1)(s* +65+36)
(a) (5%) Find the range of X for stability.
(b) (5%) Determine the asymptotes of the root loci.
(c) (5%) Derive that points s=047 and s=-3.9 on the root loci are
breakaway and break-in points, respectively.
(d) (5%) Sketch the complete root loci of the system.

G(s) =
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.. . 4.. (10%) Please discuss the meanings of the following-terminologies; from the ~ - e
: viewpoint of controller design: (a) phase margin and gain margin, (b) minimum
phase system and non-minimum phase system, (c) system with transport lag, (d)
M-circle and N-circle, (e) bandwidth. ' b
y 5. (10%) The Bode diagrams of two dynamic systems are shown in Fig. 3 and Fig. 4.
Please guess the possible transfer functions of the systems. Discuss your :
answers in detail. '
o Bodo Disgram Bode :D;ignram' ‘
. ] 1) f_ ; |
= i i |
T g- i 4 i 1
. F Dt e 5 T WA H5 3
Sl = HSE T i
} b : 3 4 o
( 5!1;"0‘_‘-_ - ST oo 16* T }
— 2 ra—ﬁl S “F.r.qgusn_c_x(r,nq:!su_:) Fisquancy(cat/sac) ‘ ;
‘:‘ . . . i
o
! V1] SENS RN hiad a
e £ i s
i _gj B %m \-\'\s\ !
_gv .|: Lo ;g" ‘M' i ¥ \\\
R -sco . \\
. B [+ R : §° s
{ o i : B ! 4
i Frequancy(rad/sac) Frequency(rad/sec)
Fig. 3 Fig. 4

6. (20%) Consider a unit feedback control system as shown inFig.5. Please draw
a desired polar plot of the open loop transfer function G(s)C(s) that the "
closed-loop system has a satisfactory stability and has a bandwidth more than 100

rad/sec. Discuss your plot in detail.

+ y(t)

r(t) C(s) G(s) g

Y

Fig. 5

7. (10%) Please discuss your procedure or épproach of applying the lead
compensator in improving the stability of a control system.
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Problems 1-13: (B:&8 > B P)FELELEAKEXK

The car shown in the right-hand side has a mass of 2 Mg and
a center of mass at G Assume that the “driving” wheels in the
back are always slipping, whereas the front wheels freely rotate.
Neglect the mass of the wheels. The coefficient of kinetic

friction between the wheels and the road is 0.25 (, =0.25).
Answer the following questions.

1. In drawing the free-body diagram, how many forces do you expect acting at the front wheel at point A?
(@) 1,(b) 2,(c) 3,(d) 4, or (e) 5.

2. How many forces do you expect acting at car? (a) 1, (b) 2, (¢) 3, (d) 4, or (e) 5.

3. What is the car’s acceleration? (a) 0.79 m/s?, (b) 1.19 m/s?, (c) 1.27 m/s?, (d) 1.59 m/s%, or (e) 1.99 m/s”.

4. What is the normal force acting on the front wheel?
(a) 1.25 kN, (b) 6.88 kN, (c) 12.7 kN, (d) 18.4 kN, or (e) 19.6 kN.

A racing car travels around the horizontal circular track that has a radius of 300 ft. The car increases its speed
at a constant rate of 7 ft/s, starting from rest. Answer the following questions.

5. What is the time needed for it to reach an acceleration of § ft/s*?
(a) 2.87 s, (b)3.87 s, (c) 4.87 s, (d) 5.87 s, or (e) 6.87 s.
6. What is the aped at this instant? (a) 13.1 ft/s, (b) 19.1 ft/s, (c) 20.1 ft/s,(d) 27.1 ft/s,(e) 34.1 fi/s.

7. What is the normal acceleration at this instant?
(a) 0.163 ft/s?, (b) 1.35 fi/s?, (c) 2.45 ft/s%, (d) 3.87 ft/s, or (e) 10.63 fi/s®.

8. A harmonic motion has an amplitude of 0.05 m and a frequency of 10 Hz. What is the period?
(a) 0.055s,(b)0.1s,(c)0.2s,(d)0.5s,(e) 1s.

9. In Problem 8, what is the maximum acceleration?
(a) 39.48 m/s>, (b) 78.96 m/s?, (c) 157.91 m/s?, (d) 197.39 m/s%, (e) 394.79 m/s>.

10. The maximum amplitude and the maximum acceleration of the foundation of a centrifugal pump were found to -
be Xpax = 025mm and %, =04 g for its harmonic oscillation. What is the operating speed of the pump?:
(a) 5 rpm, (b) 10 rpm, (c) 15 rpm, (d) 20 rpm, (e) 40 rpm.

11. An industrial press is mounted on a rubber pad to isolate it from its foundation. If the rubber pad is
compressed 5 mm by the self-weight of the press, what is the natural frequency of the system?
(a) 3 Hz, (b) 4 Hz, (¢) 5 Hz, (d) 6Hz, (¢) 7 Hz.

12. The natural frequency of a spring-mass system is found to be 2 Hz. When an additional mass of 1 kg is added
to the original mass m, the natural frequency is reduced to 1 Hz. What is the original mass?
(a) 0.33 kg, (b) 0.66 kg, (c) 1.32 kg, (d) 1.65 kg, (e) 1.98 kg.

13. In Problem 12, what is the spring constant k?
(a) 12.57 N/m, (b) 22.68 N/m, (c) 52.64 N/m, (d) 75.42 N/m, () 100.56 N/m.

Problems 14-18: (BiEf8 > 5 T4H) B AL BEHKLK

14. The ball is released from position 4 with a velocity of 3 m/s and swings in a
vertical plane. At the bottom position, the cord strikes the fixed bar at B, and
the ball continues to swing in the dotted arc. Calculate the velocity v, of the
ball as it passes position C.

(a) 2.56 m/s, (b) 3.59 m/s, (c) 4.58 m/s, (d) 5.12 m/s, (e) 5.33 m/s.

(Continued)
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15. A jet of air issues from the nozzle with a velocity (V) of 100 m/s at
the rate of 0.2 m’/s and is deflected by the right-angled vane.
Calculate the force F required to hold the vane in a fixed position.
The density of the air is 1.206 kg/m>.

(2) 25.5 N, (b) 24.1 N, (c) 23.12 N, (d) 21.56 N, (&) 19.33 N.

16. Aircraft B has a constant speed of 540 km/hr at the bottom of a
circular loop of 400-m radius (p). Aircraft A flying horizontally in
the plane of the loop passes 100 m directly under B at a constant
speed of 360 km/hr. With coordinate axes attached to B as shown,
determine the acceleration that A appears to have to the pilot of B
for this instant.

(a) -4.69k m/s” , (b) -5.76k m/s? , (c) -6.89k m/s*, (d) -7.62k m/s*

(e) -8.34k m/s* .

17. The uniform 200-kg bar 4B is raised in the vertical plane by the 0.5 m 1.75m 0.75m

application of a constant couple M = 3 kN » m applied to the
hinged link at C. The mass of the links is small and may be
neglected. If the bar starts from rest at & = 0, determine the
magnitude of the force supported by the pin at 4 as the position 8 =
60° is passed.

(a) 1.34 kN, (b) 2.02 kN, (c) 3.42 kN, (d) 4.75 kN, (e) 5.63 kN.

18. The uniform slender rod of length / is welded to the bracket at A on
the underside of the disk B. The disk rotates about a vertical axis
with a constant angular velocity @. Determine the value of w that
will result in a zero moment supported by the weld at A for the
position € = 60° with b = I/4.

3¢ V5g \/E 5¢ \/E
(@) 2 —Z',(b) 4 T’(C) g,(d) —‘Z—a(e) S5
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1. H—EssXITAHSIEBBITAET0I HAaM AR A EwE 1 (Figure 1)
" frse o (A ~ B~ C 2534 % pin connection )
(2) #EHMA%ZE & E (Free-Body Diagram) »  (3%)
(b) ¥ EH ° F45H 42 X (Equations of Bquilibrium) = (3%)
(c) HERHEENP BS D - (4%)

2. The 100-mm diameter pulley as shown in Fig. 2 fits loosely on a 10-mm-
diameter shaft. (4 = 0.4) Determine the minimum tension T in the belt need to
(a) Raise the 100-kg block. (5%)
(b) Lower the block? (5%)
Assume that no slipping occurs between the belt and pulley and neglect the
weight of the pulley.

50 mm

100 kg T
Figure 1 Figure 2

3. (a) 8.k Figure 3 77 2 T F 8 T (centroid) 2 y 4.(5%)
(b) 3% %1% o (center of mass)#n & & (center of gravity)sy £ & » ALK
AT A—REAECRECRERESLS? (5%)

150 mm

2.0 mm

100 mm ——l

Figure 3
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4. Figure 4 shows one of the Great Pyrarmids. Dimensions are shown
(a) Write down the position vectors of points A and B relative to O, expressing
your answer as components in the basis shown. (5%)
(b) Find the area of the triangle OAB (5%
(¢) Find a unit vector perpendicular to the face OAB.(5%)

(d) The face OAB is subjected to a force per unit area of 100N=? due to wind
load. The force acts in a direction perpendicular to OAB. Find the total
force acting on the face, expressing your answer as components in the basis
shown. (5%) :

} B
i
0]
K W QBOm
50m A
N 50m -
Figure 4

5. An eye bolt is screwed in perpendicular to a wall in the (j, k) plane so that 1 cm
of its length extends outside the wall at point A. A cable attached to the end of
the eye bolt at O runs over a frictionless pulley and supports the weight W, as
shown in Figure 5. The bolt will pull out of the wall if the component of the
force perpendicular to the wall exceeds 100N.

(a) What value is the maximum value to the weight W that the structure can
support without pulling the bolt from the wall? (5%)

(b) If the weight of W is 45N, what value is the moment about point A due to
loading on the bolt? (5%)
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6.

The car has weight W which acts at its center of mass, G. Moving at constant
speed, an aerodynamic downward force F=0.1W acts at the spoiler as shown in
Figure 6. What value is the reaction force at the rear wheels? (10%)

F=.1W

Each bar shown in Figure 7 is of weight W, and the spring is unstretched when
a=90°.

(a) Show that the system is in equilibrium when « =sin™ (W /4kL) .(20%)
(b) Is the equilibrium position described in (a) stable? (10%)

Figure 7
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