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1. The polar coordinates of the collar A shown in Figure 1 as function of time are » =1+2# m and 6=2¢

rad. Determine the velocity and acceleration of the collar in terms of polar coordinates at # =1 sec.
(20%)

2. The two masses shown in Figure 2 are released from rest. Use the principle of impulse and
momentum to determine the magnitude of their velocity 0.5 sec after they are released. (20%)

Figure 1

3. The 18-kg ladder shown in Figure 3 is released from rest in the position shown. Model it as a slender
bar and neglect friction. At the instant of release, determine (a) the angular acceleration of the ladder
and (b) the normal force exerted on the ladder by the floor. (20%)

4. What is the acceleration of the 8-kg collar A shown in Figure 4 relative to the smooth bar? (20%)

5. The masses of the bar and disk shown in Figure 5 are 5-kg and 10-kg, respectively. The coefficient of
kinematic friction between the disk and the horizontal surface is 1;=0.1. If an 8 N-m

counterclockwise couple is applied to the disk, what is its angular acceleration? (20%)
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Prob. #1 (30 %)

(1) Plotthe engineeling stress-strain diagrams for a ductile and brittle material, respectively.

(15 % » S b 3% XU B39 T » RobRAB ] + 36 54% BB AR + B LA B Red 4 152
BAAK BB A LM $h—Bio—5 > B 155 41E)

(2) AP (R@DE) T4 (XFA) (15%)
(@) General state of stress (9 % » & B RIALTZ > s — Ao —% > 30 E I A L)
(b) Homogeneous and isotropic material (2 %) :
(c) Statically indeterminate problem (2 %) ;
(d) Saint-Venant’s Principle (2 %)

Prob. #2 (20 %)
Draw the shear and moment diagrams for the following beams. (#r A #BEAET ~ FHV-AM
Diagram » R38040 pbdlk® ~ 6938 dy 5 B —MAio— 2 > 0 E25H5 50

ik, (D ) ©)) 4)
120/ |
Beams [ — ig4111;¢1l111££5 }“‘J‘ lﬁﬁiﬁzh
r'*"'IT:‘F L 4 'T"T) l-— 121 -[ b ™ on b T
120 Ib/ft

FBD. @%fﬁﬁ__f I‘“g;'j aﬁiﬁﬂlﬂ

Mo/(2L) Mo/(2L)

AT |‘ 13.5f¢ '4.95t|

1\240 b 480 le 3.12 kip 0.68 kip

A 2014-T6 aluminum tube having a cross- su,lional area of 800 mm” is used as a sleeve for an A-36
steel bolt hdvmg a cross-sectional area of 500 mm? When the temperature is 7 = 10°C, the nut holds
the assembly in a snug position such that the axial force in the bolt is negligible. If the temperature
increases to 7> = 60° C determine the force in the bolt and sleeve. For A-36 steel: Eg= 200 GPa, o=

12(10°%)/°C. For 2014-T6 aluminum: Eq= 73.1 GPa, aa = 23(10%/°C. (A4 64 4a 4 2 0

7 B A AR R
Prob. #4 (20 %)

If the built-up beam is subjected to an internal shear force and moment of ¥ = 50 kN and M = 100
kN m, determine the maximum shear, tensile and compressive stress acting in the beam.

rob. #3 Prob. #4
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1. (10%) In Fig. 1, if R =8kQ, C =0.0254F , find V,(s5)/V,(s), percent overshoot and settling time with

v, as a step input.

1 H R

\|
WA
,::

V(1) @) I MQ C

Fig. 1

K(s+30)
s(s +3)(s + 7)(s+9)(s*+ 20s +225) ’

(a) (10%) plot the root locus;

(b) (5%) determine the range of K for stability;

(c) (5%) briefly explain how the zeros of the open-loop system affect the root locus and the
transient responses.

R(s - C(:
(5)  + 8 6 (s) .

2. (20%) In Fig. 2, if G(s)=

Fig. 2

0.004K
s(s+0.5)(s +40)
with a 10% overshoot, a settling time of 1 second and velocity error constant K, =1000 for the

3. (20%) In Fig. 2, let G(s) = . Design a lag-lead controller to meet the specifications

closed loop system.

__ K

s(s+2)(s+6)

(a) (5%) Sketch the Bode plots of G(s) if K =1.

(b) (15%) Try to design a PID controller to obtain zero steady-state error for a ramp input and a
50" phase margin.

4. (20%) In Fig. 2, let G(s) =

BEFHEAME
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5. (30%) In Fig. 3, please do the following statements.
(a) (15%) Derive the transfer function 8,(s)/6,(s) and determine the range of X for stability.
(b) (5%) If the closed-loop transfer function 6,(s)/6,(s) of a unit feedback system is obtained from

(), please determine the open-loop transfer function.
(c) (10%) Sketch the Bode plots of the open-loop transfer function from (b) if X =1. Use the

frequency response techniques to explain the stability of (a).

0 0,(s)

Xo(s)  Xi(s)
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1. (15%) Find the current i(#) in the RC-circuit in Fig. 1 if a single rectangular wave with voltage V} is
applied. The circuit is assumed to be quiescent before the wave is applied.

Note.  Ri(t)+ @ = Ri(t) +%J'0' i(7)dr = v(t)

o

1 vlt)
i I\

u(t) v

R
Fig. 1

2. (15%) Given an ODE p"'-3y"+3py'—y =e* — x —1. Find y(x).

3. (20%) There are two tanks which tank 77 initially contains 100 gal of pure water. Tank T initially
contains 100 gal of water in which 150 Ib of salt are dissolved. The inflow into 7} is 4 gal/min from 75,
and 12 gal/min containing 12 Ib of salt from the outside. The inflow into 75 is 16 gal/min from 7). The
outflow from T3 is 4 + 12 = 16 gal/min. The mixtures are kept uniform by stirring. Find the salt
contents y1(¢f) and y,(¢) in Ty and 7>, respectively.

4. (20%) A multiple choice question. Suppose A is a n x n matrix. In the following statements, which ones are
true? (Deduct 2 points for one incorrect answer)

(A) If A has an inverse, then the inverse is unique.

(B) A and AT have the same eigenvalues.

(C) If A has n distinct eigenvalues, then A has a basis eigenvectors.
(D) If A is symmetric, its eigenvectors are orthogonal.

(E) If A is full rank, Ax=b has a unique solution x=A"'b.

(F) If A is full rank, then the Nullity of A is 0.

(G) If A is full rank, the column vectors of A spans R3.

(H) For any n x n matrix B, det (A) det (B)= det (AB).

(I) If A has n independent eigenvectors, then A is diagonalizable.
(J) If A is an orthonormal matrix, then |[det(A)[*=1.

5. (15%) Find the moment of inertia

1= [, G +y?)dxdydz
of the upper half of a solid sphere x2 + y?2 + z? = 4 about the z-axis.

6. (15%) Solve the wave equation

0*u  ,0%u

'a—tE'=C 67 (0<x<l,t>0)
B.C.u(0,t) =u(l,t)=0
LC.: u(x, 0) = f(x),u,(x,0) = g(x)

RAFEAH4T
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Please choose the appropriate letters a, b, ¢, or d. Write your answers in boxes 1~50 on
your answer sheet. (i1 » —#i2 4 > 484 50 & » 484 100 2)

1. Which of the following has no unit
(a) kinematic viscosity
(b) surface tension
(¢) bulk modulus
(d) strain

2. Compared to burn due to air at 100°C, a burn due to steam at 100°C is
(a) Less dangerous
(b) Equally dangerous
(c) Not dangerous
(d) More dangerous

3. The unit of force in S.I. units is
(a) kilogram
(b) watt
(c) newton
(d) dyne

4. When a moving bus suddenly stops, a person sitting
(a) Stands up
(b) Falls forward
(c) Falls backward
(d) Is unaffected

5. Which of the following is the most common type of failure in industry?
(a) Fatigue
(b) Brittle fracture
(c) Ductile fracture
(d) Creep

6. Which of the following cannot be used as bio-materials?
(a) Metals
(b) Ceramics
(c) Polymers
(d) None of the mentioned

7. The stress corresponding to of strain in the stress-strain curve of mild steel is
known as proof stress.
(a) 0.2%
(b) 0.32%
(c) 0.5%
(d) 0.6%

8. Book kept on a table is an example for
(a) First law of motion
(b) Second law of motion
(¢) Third law of motion

HREFEA Y
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10.

11.

12,

14.

16.

(d) Inertia
Creepis a dependent phenomenon.
(a) Temperature

(b) Load

(¢) Time

(d) Stress cycle

The tensile test is carried on materials.
(a) brittle

(b) malleable

(c) ductile.

(d) plastic

Hooke's law holds good up to
(a) limit of proportionality
(b) yield point

(c) breaking point

(d) elastic limit

The unit of Young's modulus is
(a) kg

(b) kg/cm?

(¢c) mm/mm

(d) kg/cm

13. A mechanical component may fail as a result of which of the following

(a) general yielding

(b) elastic deflection

(c) fracture

(d) each of the mentioned

Percentage reduction of area in performing tensile test on cast iron may be of the order
of

(a) 50%

(b) 25%

(c) 15%

(d) 0%

15. A body is moving along a straight path. What will happen to the body in the absence of

an external field?

(a) It will stop

(b) It will move with the same speed in a different path

(¢) It will move with a reduced speed along the same path

(d) It will move with the same speed along the same straight path

The materials having same elastic properties in all directions are called
(a) ideal materials

(b) uniform materials
(c) paractical materials
(d) isotropic materials

P%Sgﬁ]‘{ - RERHASE
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17. A person is standing in an elevator. In which situation he finds his weightless?
(a) When the elevator moves upward with constant acceleration
(b) When the elevator moves downward with constant acceleration
(c) When the elevator moves upward with uniform velocity
(d) When the elevator moves downward, with uniform velocity

18. The unit of work or energy in S.I. units is
(a) kilogram
(b) joule
(c) newton
(d) watt

19. The transfer of heat between two bodies in direct contact is called
(a) Radiation
(b) conduction
(¢) convection
(d) none of the mentioned

20.The unit of power in S.I. units is
(a) Kilogram
(b) watt
(c) Newton
(d) Dyne

21. A beam subjected to bending moment undergoes which of the following stresses?
(a) Compressive
(b) Tensile
(c) Both compressive & tensile
(d) None of the mentioned

22.In which medium sound travels faster?
(a) Liquid
(b) Solid
(c) Gas
(d) Water vapor

23. What is the unit for stress?
(a) N/mz2
(b) Nm2
(c) N/m
(d) Nm

24.The driver of a car suddenly sees a broad wali in front of him. He should
(a) Turn sharply
(b) Keep going
(c) Brake sharply
(d) Jump out of the car

25. The transfer of heat between a wall and a fluid system in motion is called
(a) radiation
(b) conduction

REFE LA
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(c) convection
(d) none of the mentioned

26. When we shake the branch of a tree, its fruits and dry leaves fall down. This is an
example for
(a) Inertia of rest
(b) Inertia of motion
(c) Inertia of direction
(d) Newton’s third law of motion

27. The bending moment on a section is maximum where shear force is
(a) changing sign
(b) kilogram
(c) maximum
(d) zero

28.Factor of safety is defined as the ratio of
(a) ultimate stress to working stress
(b) working stress to ultimate stress
(c) breaking stress to ultimate stress
(d) ultimate stress to breaking stress

29.When a bar is subjected to a change of temperature and its deformation is prevented, the
stress induced in the bar is
(a) shear stress
(b) tensile stress
(c) thermal stress
(d) compressive stress

30.The buckling load for a given material depends on
(a) slenderness ratio and area of cross-section
(b) slenderness ratio and modulus of elasticity
(c) slenderness ratio, area of cross-section and modulus of elasticity
(d) Poisson's ratio and modulus of elasticity

31. Poisson's ratio is defined as the ratio of
(a) lateral stress and longitudinal stress
(b) longitudinal stress and longitudinal strain
(c) longitudinal stress and lateral stress
(d) lateral stress and lateral strain

32. Deformation per unit length in the direction of force is known as
(a) linear strain
(b) strain
(c) linear stress
(d) unit strain

33. When a bicycle is in motion, the force of friction exerted by the ground on the two wheels

is such that, it acts
(a) Inthe backward direction on the front wheel and in the backward direction on the

rear wheel
3k 3 “’E{ B RAFE AL
l @ﬁ sl )
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(b) In the forward direction on the front wheel and in the backward direction on the rear
wheel

(¢) In the backward direction on both front and the back wheel
(d) In the forward direction in both front and the back wheel

34.The ratio of creep strain to elastic strain is known as
(a) Creep factor
(b) Creep postulate
(c) Creep coefficient
(d) Creep variable

35.The breaking stress is the ultimate stress.
(a) Greater than
(b) Depends on time
(c) Equal to
(d) Less than

36. Which of the following is failure of material due to cyclic stress?
(a) Brittle fracture
(b) Fatigue
(c) Ductile fracture
(d) Creep

37. Below which point does fatigue occur?
(a) Fracture point
(b) Ultimate strength
(c) Elastic limit
(d) Yield point

38.Which one is having the highest thermal conductivity?
(a) Copper
(b) Silver
(c) Glass
(d) Earth

39.A person is standing in a bus. When the bus starts moving forward suddenly
(a) The person moves forward
(b) The person moves backward
(c) The person remains stationary
(d) The person is unaffected

40.The the melting point and the the elastic modulus, the higher is creep
strength.
(a) Higher, higher
(b) Lower, lower
(c) Lower, higher
(d) Higher, lower

41. Hardness is
(a) Surface property
(b) Resistance to abrasion

.é-#‘

&
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(c) Depends upon resistance to plastic deformation of the material
(d) All of the mentioned

42.What is the most fundamental property of wave?
(a) Temperature
(b) Pressure
(c) Frequency
(d) Wavelength

43.Heat flow into a system is taken to be , and heat flow out of the system is taken as
(a) positive, negative
(b) positive, positive
(c) negative, negative
(d) negative, positive

44.A truck and a car are moving with equal velocity. On applying brakes, both will stop after
a certain distance, then
(a) Truck will cover less distance before stopping
(b) Car will cover less distance before stopping
(c) Both will cover equal distance
(d) None of the mentioned

45. Static load is defined as the load acting on the bearing when shaft is
(a) Rotating at rpm<10
(b) Rotating at rpm<5
(c) Stationary
(d) None of the listed

46.A: On a rainy day, it is difficult to drive at high speed.
B: The value of the coefficient of friction is lowered due to wetting of the surface
(a) If both A and B are true but B is not correct explanation of A
(b) If both A and B are true and B is the correct explanation of A
(c) If Aistrue, but Bis false
(d) If both A and B are false

47. With which factor, a magnitude of creep doesn’t increase?
(a) Temperature
(b) Time
(¢) Grain size
(d) Stress

48.Two balls of different masses (one lighter and one heavier) are thrown vertically upward
with same initial speed. Which one will rise to a greater height? '
(a) The lighter one
(b) The heavier one
(c) Both the balls
(d) Neither

49. Which of the following is the property of Newton’s third law?
(a) A body moving with a uniform speed in a straight line cannot change the direction of

HAAAFRE A
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(b) It is applicable only to a point particle
(¢) The action and reaction cannot cancel each other
(d) It is a local relation

50. Which one is having the lowest thermal conductivity?
(a) Furnace
(b) Wool
(c) Glass wool
(d) Saw dust

RAFHEA 4
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1.(10%) A Carnot heat pump is used to heat and maintain a residential building at 24°C. An energy
analysis of the house reveals that it loses heat at a rate of 4500 kJ/h per °C temperature difference
between the indoors and the outdoors. For an outdoor temperature of 2°C, determine (a) the coefficient of]

performance and (b) the required power input to the heat pump.

2.(15%) A computer cooled by a fan contains eight PCBs, each dissipating 10 W power. The height of]
the PCBs is 12 cm and the height is 18 cm. The cooling air is supplied by a 25-W fan mounted at the
inlet. If the temperature rise of air as it flows through the case of the computer is not to exceed 10°C,
determined (a)(10%) the flow rate of the air that the fan needs to deliver and (b)(5%) the fraction of the
temperature rise of air that is due to the heat generated by the fan and its motor. (note: air cp = 1.005
kJ/kg-°C at room temperature)

Air

ol X

ESgees )

PCB, 10W

inlet

3. (15%) Chips of width L =15 mm on a side are mounted to a substrate that is installed in an enclosure
whose walls and air are maintained at a temperature of Ty = 25 °C. The chips have an emissivity of € =
0.60 and a maximum allowable temperature of Ts = 85 °C. (note: Boltzmann constant ¢ = 5.67 *10°

W/m?-K*
;l::"/_EnC'Osure‘ T

LR
»

L )\ Substrate

Chip (7' ¢)

(@) (10%) If heat is rejected from the chips by radiation and natural convection, what is the
maximum operating power of each chip? The convection coefficient depends on the chip-to-air
temperature difference and may be approximated as h = C(Ts — T)", where C = 4.2
Wim* K",

(b) (5%) If a fan is used to maintain airflow through the enclosure and heat transfer is by forced
convection, with h = 250 W/m?-K, what is the maximum operating power?

4. (20%) A composite cylindrical wall is composed of two materials of thermal conductivity ka and kg,
which are separated by a very thin, electric resistance heater for which interfacial contact resistances are
negligible. Liquid pumped through the tube is at a temperature To,; and provides a convection coefficient
h; at the inner surface of the composite. The outer surface is exposed to ambient air, which is at Two and
provides a convection coefficient of h,. Under steady-state conditions, a uniform heat flux of qy” is
dissipated by the heater.
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Resistance heater

(a) (6%) Sketch the equivalent thermal circuit of the system and express all resistances in terms of
relevant variables.
(b) (6%) Obtain an expressmn that may ‘be used to determine the heater temperature Th.
(c) (8%) Obtain an expression for the ratio of heat flows to the outer and inner fluids, q,’/q;’. How
might the variables of the problem be adjusted to minimize this ratio?
5. (20%) A house has a composite wall of wood, fiberglass insulation, and plaster board, as indicated in
the sketch On a cold winter day, the convectlon heat transfer coefficients are h, = 60 W/m*-K and h; = 30
W/m?-K. The total wall surface area is 350 m>. (note: k, = 0.17 W/m-K, ky = 0.038 W/m'K, ks =0.12

W/m'K,)
Glass fiber blanket
(28 kg/im®), k,

Plaster board, k, ——l I—————-—— Plywood siding, &,

% Iw@ﬁ | ﬁ“"":;. Lt o
By, T, = 20°C |ty T, =15

T I

10 mm—s} }—100 mm—| }<—20 mm

Lp Lb Lx

(a) (5%) Determine a symbolic expression for the total thermal resistance of the wall, including
inside and outside convection effects for the prescribed conditions.

(b) (9%) Determine the total rate of heat loss through the wall.

(©) (3 %) If the wind were blowing violently, raising ho to 300 W/m?-K, determine the percentage

increase in the rate of heat loss.
(d) (3%)What is the controlling resistance that determines the amount of heat flow through the wall?

6.(20%) The heat transfer coefficient for air flowing over a sphere is to be determined by observing the
temperature-time history of a sphere fabricated from pure copper. The sphere, which is 12.7 mm in
diameter, is at 66 °C before it is inserted into an airstream having a temperature of 27 °C. A thermocouple
on the outer surface of the sphere indicates 55 °C 69 s after the sphere is inserted into the airstream.
Assume and then justify that the sphere behaves as a spacewise isothermal object and calculate the heat
transfer coefficient. (note: pure copper at 60°C, p = 8933 kg/m’, ¢, = 389 J/kg-K, k = 398 W/m-K)

-T(0)=66"C
T(69s)=55"C

D=12 Tmm
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1. o —pF7r7 (Figure 1)
(a) Determine the force Fp and its direction 6. If resultant force Fr of the two tugboats is 3 kN,
directed along the positive x axis. (10%)

(b) Determine the magnitude of the Fr of the two tugboats and its direction measured clockwise
from the positive x axis. If Fp=3 kN, and 8 =45°. (10%)

(¢) Determine the magnitude of resultant force Fr and Fp and 6. If Fr of the two tugboats is
required to be directed towards the positive x axis, and the magnitude of Fp is to be a
minimum. (10%)

2. dw B =F75= (Figure 2)
In Figure 2, the forces in cables B4 and BC can be determined by investigating the equilibrium of

ring B. Determine the tension in cables B4 and BC necessary to support the 60-kg cylinder.
(10%)

] — (Figure 1) ¥ = (Figure 2)

3. o [B =F7 7 (Figure 3) » please draw the free-body diagrams, and calculate the equations of

equilibrium. Determine B4 and BC of force in which the pin at C exerts on member BC of the
frame in Figure 3. (20%)

4. oW w A7~ (Figure 4) » the support at 4 is a thrust bearing and the support at C is a journal

bearing. Please draw the free-body diagram, the shear and moment diagrams for the shaft shown
in Figure 4.  (10%)

5 kN
L"V‘Wf BN AT L 050 ) I\ﬁ:l“.-» i g l
Aszs B alla O
L 2m L 2m R
N ) 1
B = (Figure 3) g v (Figure 4)
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5. 4o B Z A7~ (Figure 5) » determine the greatest number of books that can be supported in the

stack. A man attempts to support a stack of books horizontally by applying a compressive force
of F =120 N to the ends of the stack with his hands. ‘If each book has a mass of 0.95 kg. The
coefficient of static friction between his hands and a book is (us)» = 0.6 and between any two

books (ps)p = 0.4 (10%)

6. 4o <A~ (Figure 6)

(a) Determine the moment of inertia of the beam’s cross-sectional area about the x axis, and the y
axis. (10%)

(b) Determine the distance J_z and x to the centroid C of the beam’s cross-sectional area and then

compute the moment of inertia [ . about x axis, and A K about y' axis. (10%)

F=120N F=120N
—ly

H % (Figure 5)

7~ (Figure 6)
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1. Jw[ — A7 (Figure 1). F;=600N, and F, =400 N. Determine magnitude and direction of the
resultant force Fg. (10%)

2. Jo [} —Fr & (Figure 2). Determine the magnitude and location of the equivalent resultant force
Fr. A distributed load of P = (800x) Pa acts over the top surface of the beam. (10%)

RI;

B — (Figure 1) B = (Figure 2)

3. Jwl = Frs5~ (Figure 3). Please draw the free-body diagram, and calculate the equations of
equilibrium. Determine the tension developed in the cable attached to B and the normal reaction
of the man on the beam when this is about to occur. The 75-kg man attempts to lift the 40-kg
uniform beam off the roller support at B. (20%)

4. 4w [ w9 fr 57 (Figure 4). Determine the moment of inertia of the shaded area about the x axis and
yaxis. (10%)

B = (Figure 3) B w9 (Figure 4)
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5. 4o ZA757 (Figure 5). The slender bar of mass m slides on the smooth floor and wall without

friction force and has counterclockwise angular velocity w at the instant shown. What are the

bar’s angular acceleration and linear acceleration? (20%)
r:’ p(’
7

B % (Figure 5)

6. 4o B AT~ (Figure 6). Two disks 4 and B, each of mass 6 kg and radius 200 mm, spin at
w1=1500 rpm about a rod 45 of negligible mass which rotates about a vertical axis at the
rate w2 =60 rpm. Determine the dynamic reactions at C'and 2. (15%)

1\250 mm Y )

sk
Do
B 5 (Figure 6)

7. 4o A~ (Figure7). B F Skg BAFRE 3m/s 5 3E 30° % T » #td% 20kg &4 7% L &
B AEBRFER002Y BRSO EALERESH  REBBEENRETER
B ER A TR EBEEERAR? (FEGEANGNRFRIEAZETGELS
B ) (15%) ’

& + (Figure 7)
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