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Question 1 Figure 1 shows the schematic diagram of water flow experiment, using an undisturbed
8oil column with 60 cm long (D and 5 cm in diameter. Based on these situations, answer the following

questions.

(1) In Experiment D, water levels at the manometers on the sides of inlet and outlet were 60 cm
(&9 and 30 cm (&9, respectively from datum plane and inflow rate was 1 cm3 sec’l. Estimate the
hydraulic E:onductivity (cm sec)) of the undisturbed soil column in the experiment.

manometers
(2) In Experiment D, a tracer (high content of Cl") / \
was also injected from the inlet. Its arrival time at — . '
the outlet was 600 seconds after the injection. 1 ’ ah |
Estimate the porosity of the undisturbed soil sample ‘\:—_\h g™
.in this case. ; . L y
' ' /(‘5 . N '*'-5 ' .
(3) In Experiment @, inflow rate was reduced to 26% \}.‘ g
of that in Expenment (D Estunate the water level hy undlsturbed \ ;
I et soll column ‘ {

difference between the manometers.

=

(5) Explain the limitation of this equation. Figure 1 Schematic diagram of the
column experiment using an undisturbed

soil sample.
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*1: Staslens,J, Herbst,M, Holscher,D., and Schrijver,AD ¢ 4

' Par Per
{2011) Seascnality of Hydrological and Biogeochemical ﬁoﬂ;‘f;' . Sgga"“
Fluxe-s, in “Forest Hydrology and Biogeochemistry” eds. 2 BERRAOBMRIZE T EKREDS
by Levia et al.,, 521-539, Springer. ¥ (a b O#RMER Staelens et

el. 2011* — &3 &)
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Question 2 Answer the following questions about the water balance in a catchment scale.

(1) Describe the water balance equation including the terms of precipitation (P, evapotranspiration
(ED), river discharge (), groundwater discharge (@) and change in storage (4) in a catchment.
Add some comments ot groundwater discharge and change in storage.

a b
(2) With comparing the Japanese and continental 5 o P Ef
) ] : a9fmm | iseBmn | A75mm 109nm
catchments, explain the difference of groundwater {100%)  @1%) £100%) B

i ] TR
HikE MR H
s . st

(3) Based on the annual water balance, river
discharge (&5 was 800 mm when the precipitation
(P was 1500 mm, however, &: was 1500 mm when
the P was 2000 mm. Explain the change in
evapotranspiration (#7) and the reason for that.

. E.-._.J.i !...i.....
discharge. i o) o
}\ fie

(4) Land use in the catchment has been changed on

elenitenn Jegia ord sqesfisel'n fym forast ta

emm
{18%) (77%)
Figure2 Observed seasonal change of water
balance in the same forest area (a, b) of the
catchment. (modified Staelens et al.2011"1)

(5) The detailed seasonal changes in -hydrological
processes were obs_eryed on the forest site in the catchment (Figure 2a, b). Explain the characteristics
of the changes and the reason for that between the two seasons.

*1: Staelens,J, Herbst,M, Holscher,D., and Schrijver,AD (2011) Seasonality of Hydrological and Biogeochemical Fluxes,
in “Forest Hydrology and Biogeochemistry” eds. by Levia et al., 521-539, Springer.
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M1 (Queétiqn 1)
g D={x*+y*<1} Lo 2 EM%,

[ = ﬂ' In(x? +y2)
JEre
22T, UTomywizEz L.
(2) PURTIRE xy FEEICRL, 20ERC v F o ZE01T, ox, yR EOKEEZREA
o
(b} (x,3) = (rcosd,rsin8) DEEEMRETT > ROYI LT ATHRERD L. 238, ()~ 1.0
DEFERCBT DY 2T 7R ] 1%, UTO#EV 52605,

dx ox

or a8
2o
ar 99

() 2EMRYIERD L,

J=

Answer the following questions about the double integral 7 on the region D = {x2+y* <1} .

1= [,

(a) Show and hatch the domain of the integral at the x-y plane and express numerical values on the x and
¥ axes.

(b) Convert the variables with (x.¥) = (rcos@,rsin®) , then calculate the Jacobian determinant, J. Note
that the Jacobian determinant can be written by the fol;owing fomula for the coodinate

transformation, (x,y) = (r.6) .

dx Ox
i A
or 88

(c) Calculate the double integral J.

173
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() ISt X(0) = x0, %°(0)=wo BT HERD X, _ |
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As shown in the figure, “object a (mass: m,)” is connected to light spring with a spring constant of k.
Assuming that motion of object is limited to the direction of spring, answer the following questions.
Here, gravitational acceleration and time are g and 1, respeetively. Moreover, taking the x-axis in the
direction as shown in the figure, the origin of the x-axis is the position of the object a in the natural
length of the spring.

(a) Find the equilibrivm position x,,

(b) When the object a canses simple harmonic oscillation with x, as the origin, find the equation of
" motion for the object a and the general solution. -

(c) Find the solution to satisfy initial conditions, x(0)=x) and x"(0)=vo.

(d) Findthe solution when x(0) = Asin ¢, assuming thit amplitude is 4.
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P 3 (Question 3)

mw%g#oﬁﬁ%ﬁ&ﬂmoﬁﬁﬁﬁ&%mwti?:kﬁf%6°mToﬁﬁﬁﬁﬁ
% (5), (B rAvCcEe,

-(a) &),
® (),

(e) (;%)T

A partial derivative of thermodynamic function can be expressed using other partial derivatives.

Express the following partial derivatives using (%), and (g—:)r.
® G,
® (G),
© G,
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