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The symbol <> represents dependent voltage source.

The symbol represents independent voltage source.
The symbol represents independent current source.
j=+-1
14+j17=22.02 £50.53 14—/17=22.02 £ —50.53
—14+j17=22.02 £129.47 —14—j17=22.02 £ —129.47
15.2 +/18.6 =24.02 £50.74 15.2—j18.6 =24.02 £ —50.74
—15.2+18.6 =24.02 £129.26 —15.2—/18.6 =24.02 £ —129.26

1. The variable resistor (Ro) in the circuit in Fig.1 is adjusted for maximum power transfer to Ro.

(25 points)
(a) Find the Thévenin equivalent and Norton Equivalent with respect to the terminals @ and b, and
draw them.
(b) Find the value of R,.
(c) Find the maximum power that can be delivered to R,.
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2. Find v, and i, in the circuit shown in Fig. 2, assuming the op amps (operational amplifier) are
ideal. (25 points)
24 k)

Fig. 2
3. Switches 1 and 2 in the circuit in Fig. 3 are synchronized. When switch 1 is opened, switch 2
closes, and vice versa. Switch 1 has been open a long time before closing at = 0. Find iyr) for¢
> 0. (25 points) '

5 k() SWitCh‘!)ﬂ
T t=0 ¥ Switch 2

240 V §5k9 '4"‘\‘5& hl 80 H

Fig. 3
4. (a) Transfer the circuit shown in Fig. 4 to the frequency domain and draw it.
(b) Find the steady-state expression for the branch current i and i, by phasor calculation.(25 points)
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1. (a) Reduce the block diagram shown in Fig. 1 (a) to unity feedback form, and find the transfer

function of % . (10%)

H, |«

Fig. 1 (a)

(b) Draw the equivalent signal flow graph for the block diagram of the system as shown in

Fig. 1 (b), and find the transfer function of ? (10%)

2

\ 4

H, |e

H |

Fig. 1 (b)

2. The block diagram of a control system is shown in Fig. 2.

I 4 ¥

i - 10
__.?_d 7S (s 205+ ) '

Fig. 2
(a) Let G.(s)=K, as simple gain adjustment. Find the value of K such that the damping ratio
of the closed-loop system is 0.707. (10%)
(b) With X in (a), find the steady state error, when input is a unit step. (10%)

(c) Enhance the system type [Hint: G, (s) = £] to eliminate the steady state error, find the range
s

of K. (10%)

[ 6 H-3t 11 H]



3. (a) The Bode plot of magnitude for a control system is shown in Fig. 3. Assume the system has

minimum phase transfer function. Determine the transfer function of the control system. (10%)

4

2 pom

Gain in dB

-20 dB-decade

20 dB decade,
-40 dB/decade

0 20 4@\ " log

Fig. 3

(b) Find the gain margin associated with the transfer function G(s)= I (10%)
s(s+2)(s+5)"

4. The characteristic equation of a control system is s*+s+K(s*+b)=0, 0<K<co, Sketch the
root locus for (a) b =% (15%); (b) b= % (15%); and specify the angles and intersection of

the asymptotes, departure and arrival angles, breakaway (break-in) points, and system stability

(calculation of the values of gain K).
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1.

TSRS S B E LT TR S 28" 4" 100m I - TREELUREE 10m/s - {5 45 ARl
g2 - AR RHEREIEE - KA AEAERE PO E - THE
& B 340mls o (25%)

100m |

— BT (S00kg » 24K ImPHEREIE 100m ~ HEME 30 FEATRHEZ LA TURENIE - SCHHE
B2 M2 RGBS 03 « KOTRERHEER 2 BGRE (m/s) SRR E (rads) - (25%)

— i 30kg EYEEE LA % 20kg = 81 A 4B RYIERIEEAR Z YRR SRR
Sy RUEy p, =0.38 1, =025 < FATLL 250N HYSTRAGEIEE é“%%?%@ﬁ:ﬁiii%@ﬂ :
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4. —{F 0.2kg HSHERAOME] - fEFEINR LT > (HEIER O B TaiE 04 #EE) B PELO M
> SEEEE] Y 7 = 2r, cosO Fow o B 0 =300 - EREZHA A R O Al B
& = 05radfs > 8 = 08radfs®- XﬁT%BﬁDDE%EXLE@ﬁZﬁ/J\@ﬁ 8 oSy, = 02me
(25%)

j?%%_‘r\‘ o= ‘:7" —-?‘9:}52 + (?9 + 2?8)63

cosd45° =0.7071 sind5° =0.7071 cos30° =0.8660 sin30° =0.5
cos60° =0.5 sin60° = 0.8660

sin{0.62° )=0.0108 cos(0.62° )=0.9999

sin(1.19° )=0.0208 cos(1.19° )=0.9998

sin(1.76° )=0.0308 cos(1.76° )=0.9995

7 = 314

(9 E-#& 11 H]
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g=9.81 m/s’, py o =1000 kg/m’, 7 =3.14

1. A finite plate is moved over a second plate on a layer of liquid as shown figure 1. For small gap
width, d, we assume a linear velocity distribution in the liquid. The liquid viscosity is 0.65
centipoise and its specific gravity is 0.8‘8(SG=0.88).

Determine: (20%)

(a) The kinematic viscosity of the liquid, in m?/s.
(b) The shear stress on the upper plate, in Pa.

(c) The shear stress on the lower plate, in Pa.

(d) Draw the figure to show the direction of each shear stress calculated in (b) and (c).

Figure 1

2. Water flows through pipes A and B shown as figure 2. Lubricating oil is in the upper portion of
the inverted U. Mercury is in the bottom of the manometer bends. Determine the pressure
difference, p, — p;.in units of kPa. (SGug=13.6, SG.i=0.88) (20%)

[ 10 -3 11 ]



3. Water from a stationary nozzle is ejected on a moving vane with turning angle 6 =120° shown

o}

as figure 3. The vane moves away from the nozzle with constant speed, U = 10 m/s, and
receives a jet that leaves the nozzle with speed V=30 m/s. The nozzle has an exit area of 0.004

m?. Find the force that must be applied to maintain the vane speed constant. (cos120° =—0.5,

sinl20° =0.8660 ) (20%)

Figure 3

4. Air flows into the narrow gap, of height /4, between closely spaced parallel plates through a
porous surface as shown in figure 4. Use a control volume, with outer surface located at position
x, to show that uniform velocity in the x direction is u=vex/h. Find an expression for the velocity

component in the y direction. Evaluate the acceleration of a fluid particle in the gap. (20%)
u(x)
ng  —

(T

Figure 4

5. Water flow under a sluice gate on a horizontal bed at the inlet to a flume, shown as figure 5.
Upstream from the gate, the water depth is 0.45 m and the speed is negligible. At the vena
contracta downstream from the gate, the flow streamlines are straight and the depth is 50 mm.
Determine the flow speed downstream from the gate and the discharge in cubic meter per second
per meter of width. (20%)

Figure 5
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