By LR 104 2FEALERALEHER LT RAM

B 54 hEmn [(MesmtErna] _ A% ¢ 439002
A BREEAR TT, AT IS (R - HEFH) (REA) #£3AF 1A

Section A: %27 (% | ME S 8> G4 SEEE  AVESH —EREANER  FHEHE
EEET AL E T TEBERLER, - AABXERBFALAL FRA BRI B
ES5h X BEEE 1334 BE2EEEE R4 BEIN2EERARA
FEEYRELE AU ENE o) Some additional information in the Appendix is
required for answering the questions.

1. A tungsten wire has a uniform cross-sectional area of 100 um?, and a length of 10 cm. The electrical
resistance of the wire would be: (a) less than 1 ohm. (b) between 1 and 100 ohm. (c) larger than 100
ohm. (d) between 0.1 and 10 ohm. (e) between 10 and 1000 ohm. (5 points)

2. If the tungsten wire in Problem 1 is connected across the terminals of a 9.0 V battery, the heat
generated in a period of 60 s would be: (a) <11J. (b) <107J. (¢)>3 1. (d)>30J. () > 300 J.
(5 points)

3. There are five wires made of gold, iron, tungsten, silver, and zinc, respectively. Each wire has the
same volume (0.1 cm®), and the same length (1 meter). Among the five metal wires, find the top three

metals having higher resistance: (a) gold, (b) iron, (c) tungsten, (d) silver (e) zinc. (5 points)

4. There are five wires made of aluminum, copper, gold, magnesium, and silver, respectively. Each wire
has the same weight (1 g), and the same length (1 meter). Among the five metal wires, find the top
two metals having higher electrical conductance: () aluminum, (b) copper, (c) gold, (d) magnesium
(e) silver. (5 points)

5. AHe-Ne laser is a type of gas laser whose gain medium consists of a mixture of helium and neon
(10:1) inside of a small bore capillary tube, usually excited by a DC electrical discharge. The pressure
inside the tube is 1 mm of Hg. The best-known and most widely used HeNe laser operates at a
wavelength of 632.8 nm in the red part of the visible spectrum. Find all the correct description(s).

(a) Its photon energy is higher than 2 eV. (b) Its photon energy is less than 2 eV. (c) The optical
frequency is larger than 5x10'* Hz. (d) The optical frequency is less than 5x10 Hz. (e) The optical

frequency is equal to 5x10* Hz. (5 points)

6. Find all the correct description(s) of the properties of silicon: (a) The bandgap is higher than
germanium’s. (b) When adding a small amount of boron, it becomes an n-type semiconductor. (©)
When adding small amount of boron, the hole density becomes higher than the electron density. (d)
The electrical conductivity of the intrinsic silicon at low temperature is higher than the conductivity
at room temperature. (¢) Silicon is a direct-gap semiconductor. (5 points)

7. For the parallel-plate capacitors have the same area and the same spacing, and use a dielectric
material inserted within the plates. Find all the correct answer(s): (a) The capacitor using fused silica
will have higher capacitance than the capacitor using polystyrene. (b) The capacitor using fused silica
can be operated to a higher voltage than the capacitor using polystyrene. (¢) Some capacitors
operated at 60 Hz, and 1 MHz, will have different capacitance values. (d) Two identical capacitors
are operated at different alternating current (AC) frequency with the same peak voltage V. The higher
frequency capacitor stores more charge at the peak voltage than the lower frequency one. (¢) The
capacitor using soda-lime glass can have higher capacitance than the one using fused silica. (5 points)
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8. Find all the correct description(s): (a) The conductivity of silicon is very sensitive to the impurities,
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. A conducting wire (negligible diameter) with a uniform charge density of A ( C/m ) is located at

11.

and the impurity concentration. (b) The conductivity of copper is very sensitive to the impurities, and
the impurity concentration. (c) The conductivity of gallium arsenide is very sensitive to the
impurities, and the impurity concentration. (d) The conductivity of soda-lime glass is very sensitive
to the impurities, and the impurity concentration. () The conductivity of polystyrene is very sensitive
to the impurities, and the impurity concentration. (5 points)
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A transparent rod, with a refractive index of 1.5, has a radius r and a length / )
(#>>r) (shown in Fig. 1). The rod is standing vertically in the air. A laser beam is
incident to the top with an incident angle 8 . (a) (8 points) What is the maximum \._,/

¢ that the beam entering the top of the rod having no loss to the surrounding
medium? (Assuming that the length / is approaching to infinity) (b) (6 points)
What would be the maximum & having no loss to the surrounding, if the /-r
surrounding of the rod is embedded in a medium with a refractive index 4/3, but
the top end is still in air? (c) (6 points) What would be the maximum @ having
no loss to the surrounding, if the surrounding of the rod, including the top, is all
immersed in a medium with refractive index 4/3? (sub-total 20 points)

Figure |

(x=2m, y=1m) (shown in Fig. 2). (a) (8 points) Find the force on a .
point charge +¢ located at a position » =(x, y,z). (b) (6 points) Ifa ]

grounded conducting plane is located at y=0, what is the electric
filed at position 7 = (x,y, z); E(x,y,z)= ? (c) (6 points) Two semi- IR NI
infinite grounded conducting planes meet at right angle. One is '

located at x=0, and the other at y=0. Find the electric potential at
F= (x 20,y20, z). (sub-total 20 points)

Figure 2

A capacitor is a passive two-terminal electrical component used to store energy electrostatically in an
electric field. () (8 points) Find the capacitance of a “parallel-plate capacitor” containing of two
metal surfaces of area 4 held a distance d apart. The potential of the two plates are 0 and+V
respectively. (b) (6 points) If the storage charges in the capacitor remain the same, but a medium with
dielectric constant &, is inserted within the plates. What is the eventually potential difference between
the plates? (c) (6 points) If the charges in the capacitor remain the same, but a stack of equally
spaced N layers is inserted with the plates. Each layer has a dielectric constant &, with conducting
coating on the surface, and having a thickness of d/N . (the coating thickness is negligible) Find the

eventually potential difference between the plates. (sub-total 20 points)
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Appendix: The following information might be useful for your answering the questions.

> Planck constant #=6.626x107* J.5=4.136x10" eV -5
> The speed of light in a vacuum ¢ = 299792458 m/s

Table 1: Electrical conductivity (o) and
density (g/em?) for some metals

Material | o (Qm)” | (g/cn’)
Ag 6.2x10" 10.5
Al 3.5x10’ 2.70
Au 4.1x10’ 19.3
Be 2.8x10’ 1.85
Cu 6.0x107 8.96
Fe 1.0x10’ 7.87
Mg 2.1x10° 1.74
Ni 1.4x10’ 8.90
W 1.8x10’ 19.3
Zn 1.7x107 7.00

Table 2: Dielectric constants and strengths for some

dielectric materials
Materials Dielectric constant Dielectric strength

60 Hz 1 MHz (V/2.5mm)

Fused silica 4.0 3.8 250
Mica - 54-8.7 { 1000-2000

Nylon 6,6 4.0 3.6 400

Polystyrene 2.6 - 2.6 500-700
Soda-lime glass 6.9 6.9 250
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