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1 Alonga fough horizontal surface, a body of mass 10[kg] starts moving at speed

49[m/s] from the origin of the x-axis. Let the coefficient of kinematic friction be-

tween the surface and the body be 0.50, and let the gravitational acceleration

be 9.8[m/s7].

10[kg]

C e

stops !!

C

(a) What is the magnitude of the kinematic friction force while sliding?

(b) Find the time until the body stops.

[N]

(s]

(¢} Let the mechanical equivalent of heat be 4.2[]J/cal]. 70 percent of lost me-

chanical energy was converted into heat. Find the generated heat quantity.

[cal]




2 A body of mass m[kg] slides down the frictionless slope of a fixed triangular

stand whose angle is @[rad]. Let g[m/s?] denote the gravitational acceleration.

/

(a) Find the acceleration of the body while sliding.

[m/s?]

{b) When the stand moves with an acceleration a[m/s?*] on the horizontal plane,

the body stands still on the slope of the moving stand.

alm/s?]

10

Find the acceleration a[m/s?] of the stand.

(m/s*]




3 The diagram below shows state changes of an ideal gas. The temperatures of
states (1), (2) and (3) are T\[K], TJ{K] and T4K] respectively. The state change
from (1) to (2) is an adiabatic change (not an‘ isothermal change). The state
change from (2) to (3} is a change at constant pressure (isobaric change). The

state change from (3) to (1) is a change at constant volume (isochoric change).

(2) (3)

Pressure

(1)
O Volume

(a) Write the size relation between T., T, and T

{(b) Let the quantity of the ideal gas be 1[mol] , and let R [J/mol - K] denote the
gas constant. Iind the work which the gas did on the outside during the state

change from (2) to (3).

[J]

(c¢) Furthermore, the ideal gas consists of 2 mono-atomic molecule. Find the work

which was done from the outside during the state change from (1) to (2).

[J]




4 Let n denote the refractive index of water.

(a) What fraction of the speed of the light in air is the speed of underwater light?

(b) Let 6 denote the critical angle for light going from water to air. Find the

value of sin@.

sin@ =

(c) A coin is at the bottom of a pool with a depth of #'[m]. The diagram below

shows how the coin can appear to be in a place shallower than its actual depth.

hm]

bottom

coin

Looking perpendicularly onto the water surface (i =0, r=0), the coin looked

as if it were in a place with depth A[m). Find the ratio #'/h of the two heights.

h
h




5 The circuit shown below contains three resistors, R, K:; and R. The currents
which flow in those resistors are set to L[A], I{A] and IA] respectively, and

the directions of the currents are assumed as shown in the diagram.

LIA]  Bi=50V] R;=10[]

(a) Write the formula relating 7., I, and L.

(b) Find the actual direction of I, and find the value of ..

— — [A]

(c¢) When the battery E; was replaced with a new battery E; of different voltage

but tl}e same direction, no current flowed in the resistor R.. Find the voltage of

the new battery E..

[V]




6 The diagram below shows a uniform magnetic field of magnetic flux density
B{Wb/m? parallel to the x-axis. On the xy-plane, an electron of electric charge
— e[C] and mass m[kg] departed from the x-axis in the direction of 8[rad] with
a speed of v[m/s]. Then, the electron carried out a spiral movement on a cylin-

der whose side contains the x-axis.

y—a.:}cis
vlm/s)]
j T 1
B[Wb/m?]
O ’ ﬁ
/ X-axis
Z-axis

(a) What is the magnitude of the Lorentz force acting on the electron?

[N]

(b) Find the radius of the cylinder mentioned above.

(¢) Find the time between the electron leaving its starting point and returning

to the x-axis again. Let n denote the circular constant,

(s]

!



