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|. Diet=rmine the components of all joint forces on member of the frame
shown in Figure 1. (25%)

——

Figure |

1. Knowing that the frction coefficient p = 0.2 at all surface of contact. If
the plate A is 20 kg and the plate B is 10 kg, determime the magnitude of

the force P required to move the plare B to the ieft. (Neglect bearmg
fraction in the pulley) (25%)
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L A disk of radius £ rolls on the plane surface with a comstam
counterclockwise angular velocity of @ as shown in Figure 3. Bar AB
of length L slides on the surface of the disk at A. Determine the
angular velocity @, of bar AB. (25%)

Figure 1

4. A monrotating slender bar A moving with velocity vy sirikes a stationary

slender bar B as shown in Figure 4. Each bar has mass m and length L.
If the bars adhere when they cothide, what is their angular velocity after
the impact? (25%)

Figure 4
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1. Two capacitars C, and C; = 2C, are connected In a circuit with a swilch betwaen tham [sem
Fgure). Initally the switch s open and C, holds charga O The swich is cosed and the Systern
relaxes to 4 steady stale Find the potential W alechrosttic ansrgy U and change for each
capacitor. Compare the total electrestabic enargy belore and after closing the switch, BEQrEESeY

in tarma of O, and 3. [ 15%) .
i
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2. Consider the scircuit shown below. A, is & variabla resister, and the niarmnal rasistance of the
batieras is negligitie. If the emfs « of the balleries are 6 V and A, = A, = 2 (1. axprass the
custenil iy in fhe resistor A, in terne ol B, b thare a value B, for which this cument vanishes?

[15%]) R,
Wy —
h Iy
=y @* R, £
A,

3. A device for measwing wind spasd has e conical cups attached 1o 8 horizontal rod of length L
= 0.5 m [see Figura). Tha rod Is atleched 1o & verlica’ axle, which rotales a verical condusting
wire [oop of area A = 0.1 m® and N = 200 tums, The Eadh's magralic fisld has honzomial
campangnt B = 104 T at fis pont. Fnd the maximum voltage induced by & wind of speed v =
100 krvh, assurning that the sups ratate ot expctly this speed, (109%)
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4 A beam ol electrong % injected horizonfally with velocity v, = 10° me' into & vacuwm fubs in
which Mg 5 8 conslant electnic fisld £, = 200 MC ' directad verlcally upwands. Al the and of
the tube tha baam n#s a fluorescerd screan = 10 om lower than the injection pont {10%)
tald If the polarity of the feld (s reversed. what happans 1o the impact oty
(b} What iz tha harizantal distance [/ Babsgan tha njection painl and the screan?

&. Three unknewn changes q,.q;, and g, exan fxees on esch olher, Whan g, and g; are 15.0 cm
apar (g, is absant), they atiract each othor with & force of 1.4%107 N, Whan gy and g, ame 20,0
cm apart (g, is absant), they atiract with a farce of 382907 N, Whan g, and gy are 10.0 cm
aparl {q is absent), ey repal each oifer with & force of 5.2% 907 N, Find the magniieds and
sign of each charga. (4%)

& & thin, circular disk of radus 7 is oriented in the o-plang with its contar al the engin, A charge O
ot e disk i distributed undomby over the sutace. [15%)
() Find tha elactric fisld due 1o e & at the pont F=z, along -axis
(b} Find tha fiald in fhe fmil that Z;-+o0.
(] Find the fiegld in the Fmit that f-—=:.

7. A straight salencid of dismeler & om and length 25 cm is wrapped with 200 1ums of wira thal
carrigs a currant of & &, The solenaid & filled with & material of magnetic susceptib®ty §.=10%
(15%)

{a) Find fhe magretic intensiy within the salenaid.
ib) Find the magnetic field within the sofanad,
{c] By what fasior is the magnetic listd changed dua 1o tha presanca ¢f the material?

B. There & an AC sounce of emt in & single-kop circuil that produces a polantial drog i the Tarm
Vifl= b, sinfad), while The current in e circw® takes the lomm M=/, einjad-¢ ). Make a phasaor
diagram far tha surmant ard potential drop across each elemant ¥ the cireult containg (1055
{&) & ressior and a cagacion
(b} a resistar and an inductor
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. Light that has a wavelength 800 nim in air is tncident at angle of 307 to the normal of a plate
of heavy flint glass of the refractive index 1. See Fig 1. Assume the refractive index of airis |
{a} Find the angle of refraction ($%),

() the wavelengih of glass (3%),
() thee apeed of light in the plass {5%). K M‘HQJ

Fig. |

2. {2) Write dewn the equation governing thin lenses and thin sphenical mirrors. Take p=distance of
ohject, g=distance of imege, F=local length, and distances are measured to the Jens or mimor along

the symmetry axis.(5%)
() From the mirror formla, determine where the object be placed if the image is to be the same size
as the objecl. Assume the focal length of the concave marror is £, (5%)

3. (a) What 15 the lensmaker's equation (3ee Fig.2) 7 (3%)
(b) Two lenses, each of focal length +10cm, are in contact. Find the focal length of

the combination. (3%)
ki R
EEAS
p k_ J,' q

Fig. 2

4. An n-pu_c:f_ﬁbrr i5 & thin, transparent, flexible srand that consists of a care sumaunded by cladding
as showm in Fig.3. The refractive indexes of the core and the cladding are n, and n,, respectively. I

Agsume the m!.rmumling medium has index n, Show that the maximum anghe B at which light will
undergo tota! internal reflection is grven hy

 J—)

n -n

G=X¥1 1

i n (15%)
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5. (a} What 1= Rayleigh critenien?
b Calculates the reselving power of a grating with N grooves (shits), | 1X%)

f, (a) What 18 Michelson inter feromerer?

(b} Explain how o use Micheleon interferometer to measure the thickness of a uniform
obyect with a refractive index m. { 14%)

T. A plane light wave (wavelength = 1) 13 incident on a glass wedge as shown in figure below (Fig.4).
Find the spacing of the bright fringes on the screen, {Assume the difference of the refractive index
between air and glass s neghgible. ) {125%)
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8. If we want to design an anti-reflection coating for normal incidence lights on a lens {r = £.52)
by coating the surface of the lens with & thin film of MgF, (n = 1.3§), what iz the minimum
thickness of the thin film for a light of wavelengil 350 nm? (12%)
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Fig. 5
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1. Please explain the physical mesnings of {a} lift coefficient, (b}
Reynolds mumber, (¢) potential flow, (d) momentum thickness and {2}
friction factor. (5% each)

2, A laminar boundary layer velocity profile is approximated hy
il m[3-2(w /SN 78 for v=& and w=trr for ¥ =&, Please
show that this profile satisfies the appropriate boundary conditions
(10%) &nd determine the drag ot the wall (10%) and momentum
thickness (5%)

3. Air undesgoes two processes in series:

Frocess I-2:  polytropic process, pv'? = constant, from p, = 100KPa,

v = 0.04 m'/kg, to vy = 0.02 m'/kg

Frocess 2-3; constanl pressure process (o vy = v,

(2} Sketch the processes on a p-v disgram and determine the work per
ot mass of air, in klikg. (5%

(b) The total work of the whole process, in klikg. (10%)

4. Elecironic components are mounted on the inner surface of a
herizontal cylindrical duct whose inner diameter is 0.2 m, as shown in
Fig. 1. To prevent overheating of the electronics, the cylinder is conled
by a stream of air flowing through it and by convection from its outer
surface, Air enters the duct at 25°C. 1 bar and a velocity of @ 3mys and
exits with negligible changes in kinetic energy and pressure at a
lempersure that canned exceed 40°C. If the electronic components
require 0.20kW of electric power, determine the minimum rate of heat
transfer by convection from the cylinder's outer surface, in kW, for
which the limit on the tempernture of the exiting air is met. [Assume
the atr behaves as an ideal gas, B(40°C) = 313.3 klkg, hi25°C) = 2982

klkg) (15%)
LUniveition conding on duier surince
ot - [
Aar
o= e
= 25"C Tacdney
m o= 1 bar i 4 L 3 3 W= 1 bar
Wy o= ikA
ekl Elccirsnic eivitiponienis

miumed of Emer surfnee
02 kW

Fig. |
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5. Referring to Fig. 2, air is confined to one side of & rigid, insalated
container divided by a partition. The other side is initially evacuated.
The following data are known for the initial state of the gas: 5, = 3 bar,
T; = 380K, and ¥, = 0.025m’. When the partition is removed, the gas
expands to fill the entire container and achieves a final equilibrium
pressore of 1.5 bar. Assuming air behaves as an ideal gas and with
constant specific heats, determing

{8} the final temperature, in K. (10%)

{b) the final volume, in m". {(5%)

{c) the enfropy production, o, in kg, (%)

Container is rigid
and insulated

Tritially
evacialed

Partiticn
Fig 2



