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Question 1-11 are based on the following passage.

Adapted from Abi Berger, "Magnetic Resonance Imaging,"
©2002 by Abi Berger.

Magnetic resonance imaging (MRI) uses the body's
natural magnetic properties to produce detailed images from
any part of the body. For imaging purposes the hydrogen

Line nucleus (a single proton) is used because of its abundance in

5

10

15

20

25

30

35

40

45

50

water and fat.

The hydrogen proton can be likened to the planet earth,
spinning on its axis, with a north-south pole. In this respect it
behaves like a small bar magnet. Under normal
circumstances, these hydrogen proton "bar magnets" spin in
the body with their axes randomly aligned. When the body is
placed in a strong magnetic field, such as an MRI scanner,
the protons' axes all line up. This uniform alignment creates a
magnetic vector oriented along the axis of the MRI scanner.
MRI scanners come in different field strengths, usually
between 0.5 and 1.5 tesla.

The strength of the magnetic field can be altered
electronically from head to toe using a series of gradient
electric coils, and, by altering the local magnetic field by
these small increments, different slices of the body will
resonate as different frequencies are applied.

When the radiofrequency source is switched off the
magnetic vector returns to its resting state, and this causes a
signal (also a radio wave) to be emitted. It is this signal
which is used to create the MR images. Receiver coils are
used around the body part in question to act as aerials to
improve the detection of the emitted signal. The intensity of
the received signal is then plotted on a grey scale and cross
sectional images are built up.

Multiple transmitted radiofrequency pulses can be used in
sequence to emphasise particular tissues or abnormalities. A
different emphasis occurs because different tissues relax at
different rates when the transmitted radiofrequency pulse is
switched off. The time taken for the protons to fully relax is
measured in two ways. The first is the time taken for the
magnetic vector to return to its resting state and the second is
the time needed for the axial spin to return to its resting state.
The first is called T1 relaxation, the second is called T2
relaxation.

An MR examination is thus made up of a series of pulse
sequences. Different tissues (such as fat and water) have
different relaxation times and can be identified separately. By
using a "fat suppression" pulse sequence, for example, the
signal from fat will be removed, leaving only the signal from
any abnormalities lying within it.

Most diseases manifest themselves by an increase in water
content, so MRI is a sensitive test for the detection of
disease. The exact nature of the pathology can be more
difficult to ascertain: for example, infection and tumour can
in some cases look similar. A careful analysis of the images
by a radiologist will often yield the correct answer.
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There are no known biological hazards of MRI because,
unlike x ray and computed tomography, MRI uses radiation
in the radiofrequency range which is found all around us and
does not damage tissue as it passes through.

Magnetic Vector (T1) and Axial Spin (T2) Relaxation Times
for Different Molecules/Tissues, in Milliseconds.

Tissue T1 (msec) T2 (msec)
Water 4,000 2,000
Gray Matter 900 90
Muscle 900 50
Liver 500 40
Fat 250 70
Tendon 400 )

Source: Data from Bottomley PA, et al. "A Review of Normal
Tissue Hydrogen NMR Relaxation Times and Relaxation
Mechanisms from 1-100 MHz: Dependence on Tissue Type,
NMR Frequency, Temperature, Species, Exision, and Age."
Med Phys 1984;11:425-448

Which choice best reflects the author’s point of view

regarding magnetic resonance imaging (MRI)?

A) It is the most important tool used by scientists to aid in
the diagnosis of particular diseases.

B) It is a valuable and effective technique but should be
used sparingly in order to prevent possible damage to
the body.

C) It is a breakthrough technology that will revolutionize
the treatment of particular ailments.

D) Itis a useful tool in disease diagnosis, although
specialized training is required to accurately interpret
MRI images.

Which choice provides the best evidence for the answer to
the previous question?

A) lines 16-20(“The strength . . . applied”)

B) lines 29-33(“Multiple . . . off”)

C) lines 40—44(“Different . . . it”)

D) lines 45-50 (“Most . . . answer”
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It can reasonably be inferred from the passage that, like a
bar magnet, the nucleus of a hydrogen atom

A) spins in a counter-clockwise direction.

B) is responsive to external magnetism.

C) attracts metallic substances.

D) is surrounded by electrons.

Over the course of the passage, the main focus shifts from

A) an explanation of how magnetic resonance imaging
(MRI) works to a discussion of MRI’s practical

advantages.

B) a story about the origin of magnetic resonance imaging
(MRI) to a discussion of alternative imaging methods
used by scientists.

C) an explanation of tissue relaxation rates to a summary of
the magnetic properties of hydrogen protons.

D) an introduction about the properties of radiofrequency
waves to a criticism of the health risks of x-ray devices.

The “planet earth” image in line 6 mainly serves to

A) highlight an unlikely parallel between the fields of
biology and astronomy.

B) inject a note of humor into an otherwise serious
explanation of magnetic resonance imaging.

C) create a pun centered on the idea that hydrogen is
necessary for life on this planet.

D) communicate a complex scientific idea using a more
familiar concept.

It can reasonably inferred from the passage that

electromagnetic waves in the radiofrequency range

A) do not create long-lasting effects on the human body.

B) only create magnetic fields in tissues with high water
content.

C) are stronger than waves in the x-ray range.

D) always travel in the same direction.

Which choice provides the best evidence for the answer to
the previous question?

A) lines 21-23 (“When . . . emitted”)

B) lines 26-28 (“The .. .up”)

C) lines 33-36 (“The time . . . state”)

D) lines 51-54 (“There . . . through™)
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As used in line 46, “sensitive” most nearly means
A) appreciative.

B) unstable.

C) discerning.

D) observant.

The data in the table support the author’s point that

A) pulse relaxation times can be used to identify different
tissues in the body.

B) magnetic resonance imaging is safer than other
imaging techniques.

C) infections and tumors look similar using magnetic
resonance imaging.

D) hydrogen protons behave like a small bar magnet.

According to the table, which tissue is the first to return to
its original magnetic vector resting state?

A) Water/CSF.

B) Liver.

C) Fat.

D) Tendon.

It can reasonably be inferred from the table that

A) some tissues display axial spin relaxation times that are
much longer than their magnetic vector relaxation times.

B) it generally takes longer for the magnetic vector to return
to its resting state than the axial spin.

C) it often takes twice as long for the axial spin to return to
its resting state than the magnetic vector.

D) it always takes at least three times as long for the
magnetic vector to return to its resting state than the axial
spin.



