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Questions 1~5 (25%, 5% for each) 
Read the following passage and answer the questions. 
 

For some time scientists have believed that cholesterol plays a major role in heart 
disease because people with familial hypercholesterolemia, a genetic defect, have six to eight 
times the normal level of cholesterol in their blood and they invariably develop heart disease.  
These people lack cell-surface receptors for low-density lipoproteins (LDL’s), which are the 
fundamental carriers of blood cholesterol to the body cells that use cholesterol.  Without an 
adequate number of cell-surface receptors to remove LDL’s from the blood, the 
cholesterol-carrying LDL’s remain in the blood, increasing blood cholesterol levels.  
Scientists also noticed that people with familial hypercholesterolemia appear to produce more 
LDL’s than normal individuals.  How, scientists wondered, could a genetic mutation that 
causes a slowdown in the removal of LDL’s from the blood also result in an increase in the 
synthesis of this cholesterol-carrying protein? 

Since scientists could not experiment on human body tissue, their knowledge of 
familial hypercholesterolemia was severely limited.  However, a breakthrough came in the 
laboratories of Yoshio Watanabe of Kobe University in Japan in 1980.  Watanabe noticed 
that a male rabbit in his colony had ten times the normal concentration of cholesterol in its 
blood.  By appropriate breeding, Watanabe obtained a strain of rabbits that had very high 
cholesterol levels.  These rabbits spontaneously developed heart disease.  To his surprise, 
Watanabe further found that the rabbits, like humans with familial hypercholesterolemia, 
lacked LDL receptors.  Thus, scientists could study these Watanabe rabbits to gain a better 
understanding of familial hypercholesterolemia in humans. 

Prior to the breakthrough at Kobe University, it was known that LDL’s are secreted 
from the liver in the form of a precursor, called very low-density lipoproteins (VLDL’s), 
which carry triglycerides as well as relatively small amounts of cholesterol.  The 
triglycerides are removed from VLDL’s by fatty and other tissues.  What remains is a 
remnant particle that must be removed from the blood.  What scientists learned by studying 
the Watanabe rabbits is that the removal of the VLDL remnant requires the LDL receptor.  
Normally, the majority of the VLDL remnants go to the liver where they bind to LDL 
receptors and are degraded.  In the Watanabe rabbit, due to a lack of LDL receptors on liver 
cells, the VLDL remnants remain in the blood and are eventually converted to LDL’s.  The 
LDL receptors thus have a dual effect in controlling LDL levels.  They are necessary to 
prevent oversynthesis of LDL’s from VLDL remnants and they are necessary for the normal 
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removal of LDL’s from the blood.  With this knowledge, scientists are now well on the way 
toward developing drugs that dramatically lower cholesterol levels in people afflicted with 
certain forms of familial hypercholesterolemia.  

 
1. In the passage, the author is primarily concerned with 

(A) presenting a hypothesis and describing compelling evidence in support of it 
(B) raising a question and describing an important discovery that led to answer 
(C) showing that a certain genetically caused diseases can be treated effectively with 

drugs 
(D) explaining what causes the genetic mutation that leads to heart disease 
(E) discussing the importance of research on animals for the study of human disease 
 

2. The passage supplies information to answer which of the following questions? 
(A) Which body cells are the primary users of cholesterol? 
(B) How did scientists discover that LDL’s are secreted from liver in the form of 

precursor? 
(C) Where in the body are VLDL remnants degraded? 
(D) Which body tissue produce triglycerides? 
(E) What techniques are used to determine the presence or absence of cell-surface 

receptors? 
 

3. The development of drug treatments for some forms of familial  hypercholesterolemia is 
regarded by the author as  

(A) possible, but not very important 
(B) interesting, but too costly to be practical 
(C) promising, but many years off 
(D) extremely unlikely 
(E) highly probable 
 

4. The passage implies that if the Watanabe rabbits had had as many LDL receptors on their 
livers as do normal rabbits, the Watanabe rabbits would have been 
(A) less likely than normal rabbits to develop heart disease 
(B) less likely than normal rabbits to develop high concentrations of cholesterol in their 

blood 
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(C) less useful than they actually were to scientists in the study of familial 
hypercholesterolemia in humans 

(D) unable to secrete VLSL’s from their livers 
(E) immune to drugs that lower cholesterol levels in people with certain forms of 

familial hypercholesterolemia  
 

5. The passage implies that Watanabe rabbits differ from normal rabbits in which of the 
following ways? 

(A) Watanabe rabbits have more LDL receptors than do normal rabbits. 
(B) The blood of Watanabe rabbits contains more VLDL remnants than does the blood 

of normal rabbits. 
(C) Watanabe rabbits have fewer fatty tissues than do normal rabbits. 
(D) Watanabe rabbits secrete lower levels of VLDL’s than do normal rabbits. 
(E) The blood of Watanabe rabbits contains fewer LDL’s than does the blood of normal 

rabbits. 
 
Questions 6~10 (25%, 5% for each) 
Read the following passage and answer the questions. 
 

One of the nature’s most familiar and seemingly immutable laws-that materials get 
thinner when they are stretched or bulge out when they are squeezed-has been overturned by a 
biomedical engineer at the University of Iowa.  Roderic Lakes has created what might be 
termed “antirubber,” a perverse material that behaves in a manner contrary to intuition.  
When stretched in one direction, the material expands in every other direction.  When 
squeezed in one direction, it contracts in every other direction.  Lakes thinks that antirubber 
might find use in such applications as sponges, shock absorbers, air filters, and Velcro-like 
fasteners. 

The tendency of a material to shrink in one direction when it is stretched in another is 
quantified by a number known as Poisson’s ratio.  Rubber and biological tissues have a high 
Poisson’s ratio, meaning that they become much thinner when stretched.  Metals have 
somewhat lower, but nonetheless appreciable, Poisson’s ratio.  In contrast, the ratio for cork 
is nearly zero, making it an ideal material for sealing wine and other bottle-it does not bulge 
out while being removed with a corkscrew.  If cork had a higher Poisson’s ratio, pressure 
from interior of the bottle would cause it to expand and jam in the bottle’s neck. 
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Materials with a negative Poisson’s ratio are theoretically possible, but were unknown before 
Lakes’s experiments.  In thinking about what would be required for a negative Poisson’s 
ratio, Lakes envisioned a cube in which each face was puckered inward.  Mechanical models 
demonstrated that pulling on any two faces would cause the other faces to stretch outward as 
well, and Lakes set out to make a real material with such a structure. 

Lakes took a conventional polymer foam such as that used in mattresses, compressed 
it in all three directions, and then heated it to a temperature slightly above its softening point.  
The mold was then cooled to room temperature, and the foam was released.  He found that 
the individual air cells in the foam each had shape similar to his model cube, and that the 
foam had a large negative Poisson’s ratio.  Lakes has been attempting to make metal 
structures with similar properties. 
 
6. With which of the following subjects is the passage mainly concerned? 

(A) The uses of mechanical models 
(B) Practical applications of biomaterial research 
(C) A foam that is used to make mattresses 
(D) A material that contradicts natural laws 
 

7. It can be inferred from the passage that antirubber 
(A) is a natural material 
(B) gets thinner when stretched 
(C) cannot be heated 
(D) may have commercial applications 
 

8. Which of the following probably has the highest Poisson’s ratio? 
(A) Rubber 
(B) Metal 
(C) Glass 
(D) Cork 
 

9. According to the passage, why is cork a good substance for sealing bottles? 
(A) Because it stretches equally in all directions 
(B) Because it doesn’t expand when pulled 
(C) Because it shrinks in only one direction 
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(D) Because it assumes the shape of the neck of the bottle 
 

10. Which of the following statements is supported by the passage? 
(A) Polymer foam has a Poisson’s ratio of nearly zero. 
(B) Metal structures with negative Poisson’s rations may be possible. 
(C) Natural laws never change. 
(D) Poisson’s ratio is a constant figure. 

 
Questions 11 (25%) 
Read the following passage and answer the question: 
 

Dye-sensitized solar cells are a relatively new type of solar cell that offer significant 
advantages over conventional silicon-based solar cells in terms of cost and range of 
application. In such cells, light from the sun excites electrons in an organic molecule (the dye), 
which causes charge separation. To use the energy, these electrons must be transferred to an 
external circuit. In the final step of the process, after the electrons have given up some of their 
energy in the form of electricity in an external circuit, the electrons are returned to the solar 
cell by a counter electrode that usually contains platinum nanoparticles. Much research eff ort 
has been invested in optimizing dyes and designing better support materials, but most 
dye-sensitized solar cells still rely on the use of platinum — a rare and expensive metal — for 
their counter electrodes. Now, Seung Cha and co-workers from the Korea Electrotechnology 
Research Institute1 have developed a counter electrode that contains carbon nanotube 
‘micro-balls’ in place of platinum nanoparticles.  A critical feature of the counter electrode is 
the efficiency with which charge is transferred to the electrolyte. To obtain efficiency similar 
to that of a platinum-based electrode, a carbon electrode must have a large surface area. This 
can be achieved using a thick electrode layer, but increasing the thickness of the electrode 
also allows less light into the cell. “This is important for solar cells that collect light through 
the counter electrode,” explained Cha, “such as those used in building integrated 
photovoltaics and flexible solar cells.” The solution is to deposit a layer of microballs of 
carbon nanotubes onto a transparent substrate. The micro-balls of carbon provide the high 
surface area, while the gaps between the balls allow light to pass through to the cell.  Carbon 
is far less expensive than platinum, and thus achieving performance even close to that of 
platinum-based counter electrodes would have a significant effect on the price–performance 
ratio. “In the future, we hope to be able to use this type of counter electrode in a 
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supercapacitor or battery,” says Cha.  
Please describe the main contribution of Cha’s research group. How did they achieve 

it? 
 
Question 12 (25%) 
Read the following passage and write a summary in either Chinese or English. 
 

Art collector George Lester Winward acquired this beautiful Madonna and child, now 
known as the De Brécy Tondo, in 1981 at a country-house sale in England. The more he 
studied it, the more he became convinced that it was painted by the Renaissance artist 
Raphael — not least because of its striking resemblance to Raphael's sixteenth-century Sistine 
Madonna in the Gemäldegalerie Alte Meister in Dresden. The art gallery, however, judged it 
to be a much later copy. 

So Winward's foundation, the De Brécy Trust, sponsored a series of projects to 
generate evidence for his claim. It closed, not entirely conclusively, this week, with the 
publication of a laser Raman spectroscopic analysis of three tiny samples taken from the 
painting. 

The analysis is consistent with the De Brécy Tondo being a Renaissance painting. For 
instance, one sample was shown to contain massicot, a popular yellow Renaissance pigment 
that was not used after 1700. By ruling out the presence of some alternative chemicals, the 
analysis also indirectly suggests a starch-based binding medium, commonly used in 
Renaissance paintings, and the use of the medieval dye turnsole for the blue robes. The 
presence of eighteenth-century Prussian blue pigment in discrete patches could be explained 
by recent touching up, says Howell Edwards, the University of Bradford chemist who did the 
analysis. 

The trust hopes that these data, together with its convincing provenance research, will 
help persuade art historians, who rely to a large extent on visual assessment when 
authenticating paintings, that the work is indeed a Raphael, and thus worth millions. 
 
 


