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1. Find the following limits if exists.  (20%)

(a) limy oo Y ——

=1 k(k+1)"

vk

(b) limn_,co Zﬁ=1 i{j—_l—

. n 4n
(C) hmn—eoo 21(:»1 m

sinx

(d) limy_, 0o — =

2. Evaluate the following integrals.” (20%)
(a) (Inx)? dx. -
b) ft3yt—1dt.

(c) fsin?2x dx.
(d) [ e*cosx dx.

3. Giventhat f(2) =8, g(2) =2, f'(2) = 1, and g'(2) = —2. Find
(a) (f* +g2)'(2).

(b) (T/8) (). (10%)

4. Using differential to approximate the values e %% and +/0.992 + 0.032. (10%)

5. Find the maximum and minimum values of the function f(x,v,2) = x+ 2y — z
onthe sphere x% 4+ y? + 22 = 24.  (10%)

- 6. let f(x) =x® - 4x and g(x) = 5x. Find the area of the region bounded by the
graphs of y = f(x) and y = g(x). (10%)
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7. 'Suppose that a child is inflating a spherical balloon and we know that the balloon
is being inflated at a rate of 100 cm3/sec. Using this information to determine
the rate at which the radius is increasing when the radiusis9 cm.  (10%)

A company determines that the profit resulting from the sale of x of its products
per week is P(x) = 160 — 96x + 18x? — x? dollars. Find the maximum and

minimum values for this function on the interval [0,10] and the sales level x at
which each occurs. (10%)
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NOTE: Please answer the following questions one by one, and the detailed calculations should be given.

2 A

1. Please show that the acceleration vector in uniform circular motion is ——r, where r is the radius of the
r

circle and v is the speed of the particle. (10 pomts)

0. Consider a long thin rod with rotation axis through its center, Prove its moment of inertia is EMLZ where

. M and L are corresponding to mass and length of the long thin rod, respectively. (10 points)
3. Give a brief description about the operating principle of antilock braking systems (ABS). (10 points)

4. A sinusoidal wave on a string is described by the following equation y = (0.15m)sin(0.8x —50¢) where x
and y are in meters and ¢ is in seconds. If the mass per unit length of this string is 12 g/m, determine the
power transmitted to the wave. (10 points)

5. A uniform rod of mass M and length L is pivoted about one end and oscillates in a vertical plane. Find the
period of oscillation if the amplitude of the motion is small. (10 points)

6. Consider a disk of radius R and mass M rolling without slipping on an inclined plane of angled. Find the
static friction between disk and inclined plane. (10 points)

7. How to measure the flow speed of an incompressible fluid? Give an example to address. (10 points)

8. Give an example to address that why the total entropy of an isolated system always increases when the
process is irreversible. (10 points)

9. Consider a heat engine operated under a Carnot cycle, in which an ideal gas is contained. Prove the efficiency

of Carnot engine ase_ =1 —{i , where T}, is an operation temperature during isothermal expansions and T ié.
\ .

operated during isothermal compressions. (20 points)
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{Answers in both Chinese and English are acceptable.|

1 (32%) (simple answers are sufficient). _ @ .Oq*

(1) In Fig. 1, a full Gaussian surface encloses two of the four positively //'“‘\’P
charged particles. (a) Which of the particles contribute to the electric ,,’ ®r

field at point P on the surface? (b) Which net flux of electric field ] @ /l Gaussian

———

through the surface is greater (if either): that due to g; and g or F(a,\ \\ // surface
that due to all four charges? : _ ’

(2) Three wires, of the same diameter, are connected in turn between two points maintained at a con-
stant potential difference. Their resistivities and lengths are p and L (wire A), 1.2p and 1.2L (wire B),
and 0.9p and L (wire C). Rank the wires according to the rate at which energy is transfered to thermal
energy within them, greatest first. '

(3) An electron in an external magnetic field B, has'its spin angular P 'F"a,z
momentum S, antiparallel to ﬁm. If the electron undergoes a spin flip |
so that S, is then parallel with _E?m, must energy be supplied to or i

lost by the electron?

(4) Figure 2 shows a parallel-plate capacitor and the current in the

connecting wires that is discharging the capacitor. Are the directions

of (a) electric field _E and (b) displacement current ig leftward or - v
~ rightward between the plates? () Is the magnetic field at point F’ into

the page or out of the page?”

(5) Figure 3 shows four choices for the rectangular opening of a

source of light waves. The sides have lengths of either L or 2L, with

L being 3.0 times the wavelength of the waves. Rank the openings (1) (2) (8) (4)

according to the extent of (a) left-right spreading and(b) up-down F;a's '

spreading of the waves due to diffraction, greatest first.

(6) According to the theory of relativity, which of the following statements is true? 4

(a) moving clocks run fast; (b) energy is not comserved in high speed collisions; (c) the speed of light

must be measured relative to the ether; (d) momentum is not conserved in high speed collisions; (e)

none of the (a), (b), (c) and (d) are true.

(7) While standing outdoors one evening, you are exposed to: (a) yellow light from a sodium street

lamp, (b) radio waves from an AM radio station, (c) radio waves from an FM radio station, and (d)

microwaves from an antenna of a communications system. Rank these four types of waves in terms of

increasing photon energy, lowest first.

(8) Consider the element chlorine (Z = 17). In its part of the periodic table, the subshells of the

electronic states are filled in the sequence 1s 2s 2p 3s 3p 3d 4s 4p ... . Identify the highest occupied

subshell and state how many electrons are in it.
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2. (10%) In Fig. 4, a sphere, of radius a and charge +q uniformly distributed
throughout its volume, is concentric with a spherical conducting shell of
inner radius b and outer radius c. This shell has a net charge of -¢. Find
expressions for the electric field, as a function of the radius r, (a) within the
sphere, (b) between the sphere and the shell, (c) inside the shell. (e) What
are the charges on the inner and outer surfaces of the shell?

Fi .

3. (9 %) A parallel-plate capacitor with capacitance C' is charged by a battery §o a potential difference
V between its plates. The charging battery is now disconnected and a porcelain of slab with dielectric
constant « is slipped between its plates. What is the potential energy of the capacitor-slab device, both
before and after the slab is put into place?

4. (9 %) A proton (charge + e, mass m,), a deuteron (chairge + e, mass 2m,,), and an o particle (charge
+2e, mass 4m,,) are accelerated through a common potential difference AV. Each of the particles enters
a uniform magnetic field ?, with its velogcity in a direction perpendicular to B. The proton moves in
a circular path of radius r,. Determine the radii of the circular orbits i
for the deuteron, 4, and the alpha particle, 7., in-terms of 7.

5. (9 %) A length of wire is formed into a closed circuit with radii a
and b, as shown in Fig. 5, and carries a current 4. (a) What are the
magnitude and direction of B at point P? (b) Find the magnetic

dipole moment of the circuit. : Fﬂ.‘s

6. (10 %) Figure 6 shows a lens with radius of curvature R lying on

a flat glass plate and illuminated from above by light with wavelength
A. Find the radii r of the interference maxima (called Newton’s rings)
assuming r/R <« 1.

Incident
light

7. (9 %) A particle of charge ¢ and mass m has.been accelerated-from
rest to a nonrelativistic speed through a potential difference AV
Find an expression for its de Broglie wavelength.

Fig.b

8. (12 %) Seven electrons are confined to a square corral that is a
two-dimensional infinite potential well with widths L, = L, = L. Assume that the electrons do not
electrically interact with one another.

(a) What is the electron configuration for the ground state of the system of seven electrons?

(b) What is the total energy of the seven-electron system in its ground state, as a multiple of h?/8mL2?
(c) How much energy must be transfered to the system for it to jump to its first excited state, and what
is the energy of that state?
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