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There is a two-dimensional structure consisting of two springs, GK and HL, ngldpb()dy/
each with spring constant &, and a rigid right triangle, JMN, as shown in the figure Unit thickness B <
a upport

below. Springs GK and HL are each fixed to the ceiling at one end and connected
at right angles to the rigid triangle at the other end. The rigid triangle is pinned to
the wall at point J and is supported at point N such that side JM is oriented horizontally. The undeformed length of each spring is sufficiently

larger than its deformation.
In addition, the length of side JM of the rigid triangle is sufficiently larger than the spring deformation. The density and thickness of the

rigid triangle are uniform, with density p and unit thickness. Let the acceleration due to gravity be g. Answer the following questions:

(1) =AREEE LIZBEND = ATOELETOHRE ¢ 2. —AROUORS a Z WTEE, (55)
Determine the distance in the x-direction from the wall fixing the triangle to the center of gravity of the triangle, denoted by gy, in terms of

the side length of the triangle a. (5 pts)

(2) AN OZFFREY D & MR =ATITESOEN 250 TR 20 EEE S 5, BE =/ATE OB L OIEE T O AL
(6, &KL &, "R EH L ZAROUORS a & b, WIEZAEOEE p. EHINEE ¢ 2 HWTEE, (10 1)
When the support at point N is removed, the rigid triangle rotates about point J under the action of gravity. Express the vertical displacement of

the center of mass of the rigid triangle, denoted by J,, in terms of the spring constant k, the side lengths of the triangle a and b, the density of
the triangle p, and the acceleration due to gravity g. (10 pts)
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After that, a horizontal force P is applied to the rigid triangle at point N in the

negative x-direction, causing point M to move downward by a displacement Jy. > x

Under the conditions specified in the problem, &, is sufficiently small compared b y

with the characteristic dimensions of the structure. In addition, &y is negligible Rigid body

compared with dm. As a result, the change in the angle of side JM of the rigid triangle

due to its self-weight can be neglected. Obtain the vertical displacement of point M a
caused by P, denoted by dy, in terms of the spring constant k, the side lengths of
the triangle a and b, and the force P.(10 pts)
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Perovskite solar cells have recently attracted considerable attention. One of the key materials used in these cells is an organometal halide,

CHsNHsMXs (M = Pb or Sn; X = Cl, Br, or I), which has a perovskite-type crystal structure. Answer the following questions:

(1) a7 2 A MUHESBRAASF O D) e X 28, fREMICHS T DRt m 2t AT Lo 3R)

Select the appropriate figure of perovskite-type crystal unit cell. Write the corresponding letter in the answer box. (3 pts)
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Strontium titanate, SrTiOs, is known as a typical cubic Perovskite crystal. Select the correct features from (A) to (F) below regarding the
axes (a, b, c)and angles (a, [, y) of the unit cell for cubic crystal. Write the corresponding letter in the answer box.

(4 pts)
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(D #¢& continued
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The figure shows schematic diagram of X-ray diffraction pattern for
the typical perovskite-type strontium titanate. Answer the following N N N A S N RN
questions. Axes (a, b, c¢) and angles (a, B, y) of unit cell, 26 (degree)

Wavelength of X-ray A can be used, if necessary. You can leave the Fi Sch tic di FX diffracti it f
tri tric functi in th tion. 1gure Schematic diagram o -ray diliraction pattern o
TISONOMELC TUNCHONS I the equation Strontium Titanate, the cubic Perovskite crvstalr.)

O HREIFEd 003 & Odyp1. 2 TN EHRE, (4458X2)
Show the interplanar spacing d,o9 and dq1, respectively. (4 pts X2)
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Show the first-order diffraction angles of 100 and 111 diffractions, 6,4, and 6,41, respectively. (5 pts X2)
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