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SCIENCE TEST

35 Minutes-4T Questions

DIRECTIONS: There are seven passages in this test.
Each passage is followed by several questions. After
reading a passage, choose the best answer to each
question and fill in the corresponding oval on your
answer document. You may refer to the passages as
often as necessary.

You are NOT permitted to use a calculator on this test.

Passage I

Table I lists 4 genes found in
pea). the possible alleles of each
genotypes for each gene.

Table 2 lists various garden pea genotypes and the
phenotype associated with each genotype. Each gene
affects only 1 of the 4 phenotypic traits listed.

Table 2

Genotype

Phenotype

flower
color

pod
color

seed
shnpe

stem
length

AABBDDEE
AABBDDEe
AABBDDee
AABBDdEE
AABBddEE
AABbddee
AabbddEE
AabbDDee
aabbddee
aaBBddEE
aaBBDDEE
AaBbDdEe

purple
purple
purple
purple
purple
purple
purple
purple
white
white
white
purple

green
green
green
green
green
green
yellow
yellow
yellow
green
green
green

round
round
round
round
wrinkled
wrinkled
wrinkled
round
wrinkled
wrinkled
round
round

tall
tall
short
tall
tall
short
rall
short
short
tall
tall
tall

Table 3 lists 4 garden pea crosses, the genotypes of
the,parents, and the percent of offspring that displayed
each phenotype for the 4 traits listed in Table 2. In e'ach
cross, each parent donated 1 allele to each offspring at each
gene.

Pisum sativum (a garden
gene, and the possible

Table I

Gene Alleles Genotypes

A
B
D
E

A,A
B,b
D,d
E,C

AA, Aa, aa
BB, Bb, bb
DD, Dd, dd
EE, Ee, ee

Table 3

Crossx

Genotype of: Offspring phenotype

female parenl male parent flower color pod color seed shape stem length

1 AABBDDEE AABBDDEE 1007o purple I0O7o green 100% round l007o tall

2 aaBbddEe aaBbddEe 100% white 757o green
257a yellow 100% wrinkled 7 5Vo

257o
tall
short

.1 aaBbDdee AabbddEe 507a purple
507o white

507o gteen
507o yellow

507o
50%o

round
wrinkled

50Vo
5jVo

tall
short

4 AabbDdee AabbDdee I 5Vo
257o

purple
white

1007o yellow J5Vo round
25Vo wrinkled 1007o short

xFor each cross, multiple matings were performed.
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l. Based on Table 2, which of the 4 genes affects seed

shape?

A. Gene A
B. Gene B
C. Gene D
D. Gene E

Based on Table 2, a P. sativum plant with 1 dominant
allele for each of the 4 genes will have which of the
following phenotypes?

F. White flowers, yellow pods, wrinkled seeds, tall
stems

G. White flowers, yellow pods, wrinkled seeds, short
stems

H. Purple flowers, green pods, round seeds, short
stems

J. Purple flowers, green pods, round seeds, tall stems

In 1 of the crosses listed in Table 3, for each trait, the
offspring were split evenly between the 2 possible
phenotypes. In this cross, the genotypes of the female
parent and the male parent were, respectively:
A. AABBDDEE and AABBDDEE.
B. aaBbDdee and aaBbDdee.
C. aaBbDdee and AabbddEe.
D. aabbDdee and AabbddEe.

4. Based on the information presented, all of the off-
spring of Cross 4 had yellow pods because each
received:

F. Allele A from its female parent and Allele q from
its male parent.

G. Allele b from its female parent and Allele D from
its male parent.

H. Allele d from its female parent and Allele D from
its male parent.

J. Allele E from its female parent and Allele e from
its male parent.

5. In Cross 3, what percent of the offspring had Geno-
type BB ?

A. 07o
B. 25o/o
c. 50%
D. l5%o
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Figure I shows the lif'e cycle
GcLmetocytes and sporoz,oites are 2

of the malaria parasite.
forms of the parasite.

human
host

mosqulto
host

Figure 1

For the parasite to survive, mosquitoes must bite
humans infected with gametocytes. Therefore, 2 studies
were conducted to determine whether mosquitoes are most
attracted to humans inf'ected with gametocytes.

chamber

Note: Dotted lines indicate mosquito netting.

Figure 2

In the first trial 100 uninfected mosquitoes were released
into the chamber. Thirty minutes later the number of mos-
quitoes attracted to each subject was determined. This pro-
cedure was repeated in 11 more trials until all subjects had
been tested. Then, for each group, the average number of
mosquitoes attracted to a subject was calculated (see
Figure 3). All infected subjects were then treated to cure
their sporozoite or gametocyte infections.

Y
Group

Figure 3

Study 2

The procedure from Study 1 was repeated with
Group X subjects and the cured subjects from Groups Y
and Z. Figure 4 shows the proportion of responslve mos-
quitoes (those caught in a trap) that were attracted to the
Group Z subjects before treatment and after being cured of
their gametocyte i nl'ections.

i tent

Studt- 1

Three _{roups (Groups X, Y
12 human subjects (Subjects l-12),
Table I ).

and Z), each with
were identified (see

aq rt
.:
f 8lo
E=R

ho 6
_o_
E0 i

ob .
OIJ: L

90
Z

Table I

Group
Malaria infection
status of subjects

X
Y
Z

Uninfected
Sporozoites present
Gametocytes present

Three subjects-one from each group-rested in sepa-
rate, but identical, tents of mosquito netting attached to the
same central chamber. A mosquito trap was inserted
between the chamber and each tent to capture any mosqui-
toes trying tc, enter the tent (see Figure 2).

-Qamelpcytqsdevekip.fiom

Mosqaito bites.
infected hurtan
and acqufues
gaffretocytes.

Mosquito biies
an$infecfs, l

humaa with ,

sporouoi:tes:' 
:

Sporozoites 
-:

develop frora
garnefOclites.
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I before treatment
tr after cure

1.0
0.9
0.8
o.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

23456189101112
Subject in Group Z

Figure 4

Figures adapted from Renaud Lacroix et ai., "Malaria lnfection
lncreases Attractiveness of Humans to Mosquitoes." @2005 by
Renaud Lacroix et al.

6. Assume that a subject's attractiveness to mosquitoes
depends on body temperature. Based on Figure 4, the
body temperature of which of the following Group Z
subjects, with which treatment status, wa*s most attrac-
tive to mosquitoes?

F. Subject l, befbre treatment
G. Subject l, after cure
H. Subject 9, before treatment
J. Subject 9, after cure

7. Do the results of Study 1 support the hypothesis that
mosquitoes are more attracted to human subjects
infected with gametocytes than to human sr,rbjects
infected with sporozoites or to uninfected human
subjects?

A, Yes: on average. nrore mosquitoes were attracted r r
to subjects from Group X than to subjects from rr'
Group Y or Z.

B. Yes; on average, more mosquitoes were attracted
to subjects from Group Z than to subjects from
Group X or Y.

C. No; on average. more mosquitoes were attracted to
subjects from Group X than to subjects from
Group Y or Z.

D. No; on average, more mosquitoes were attracted to
subjects from Gioup Z than to subjects from
Group X or Y.

8. Based on Figure 4, how many of the subjects in
Group Z attracted a greater proportion of the respon-
sive mosquitoes a.fter their infections were cured than
before they were treated?

F.0
G.4
H.8
J. T2

Which of the follorving is the most likely reason that
subjects infected with gametocytes were tested both
before and after their infections were cured l
A. To determine whether mosquitoes were attracted to

these subjects because of the subjects' infections
B. To make sure that gametocytes were found in the

red blood cells of the subjects
C. To determine how many gametocytes were present

in the subiects
D. To make sure that the mosquitoes were not killecl

by the drugs used to treat malaria

In Studies I and 2, which group-Group X or
Group Y-more likely served as the standard of conr-
parison allowing the researchers to compare the results
for Group Z from Study 1 to the results fbr Group Z
fiom Study 2 ?

Group X, because the infection, status of the
Group X subjects was different in Study I and
Study 2.
Group X, because the infection status of the
Group X sul-rjects was the same in Study I and
Study 2.
Group Y, because the infection status of the
Group Y subjects was dilferent in ,Study I and
Study 2.
Group Y, because the infection status of the
Group Y subjects rvas the same in Study I and
Srudy 2.

Which of the following procedures was most likely
employed to ensure that the mosquitoes were attracted
to a specific subject rather than to a specific tent?

Releasing the same number of mosquitoes into
each tent in each trial
Releasing a different number of mosquitoes into
each tent in each trial

C. Assigning the subjects to tents in a random manner
in each trial

D. Assigning the gametocyte subject to the same tent
in each trial

9.

C)

-iJ

.i()

-=)
CA

a.

10.

F.

G.

H.

J.

A.

B.
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Passage lll

Petroleum (crude oil) is brought to Earth's surface
from large underground deposits that are mostly
0.5-0.7 km below Earth's surface. Two scientists discuss
the origin of petroleum.

oo4
12. Based on Scientist I's discussion, petroleum deposits

would most likely be found at or near locations where:
n 2 rcctonic plates are beginning to collide.
G. 2 tectonic plates are beginning to move apart.
H. an ocean recently formed where none had existed

in the past.
J. an ocean had existed at some time in the past.

Scientist l
All of Earth's current supply of petroleum formed

within the last 600 million years from once-living matter.
Petroleum formation began when the remains of micro-
scopic marine organisms accumulated on the seafloor over
a long period. Fine-grained ocean sediments buried the
remains. Beneath the ocean floor, at depths of less than
10 km below Earth's surface, heat and pressure over mil-
lions of years changed the remains into petroleum;

After forming, the petroleum migrated upward to
depths where it accumulated in large deposits at specific
locations in Earth's crust. Petroleum contains biomarkers,
compounds that can be produced only through the break-
down of once-living matter. Fossils of the marine organ-
isms that provided the raw material for petroleum are
found in rocks brought to the surface from locations where
petroleum is known to have formed.

Because of the unique conditions and time necessary
for petroleum formation, there is a limited supply available
in Earth's crust.

Scientist 2

All of Earth's petroleum has formed from simple,
inorganic carbon compounds at depths from 100 km to
200 km below Earth's surface. Petroleum formation has
been occurring constantly since shortly after Earth's forma-
tion. The process begins as water reacts with simple, inor-
ganic carbon compounds to form simple hydrocarbons such
as methane. Those simple hydrocarbons then combine
under pressure to produce petroleum.

After forming, the petroleum migrates upward to
much shallower depths where it accrlmulates in large
deposits at specific locations in Earth's crust. Most petro-
leum deposits exist along tectonic plate boundaries, where
the petroleum can rise from depths greater than 100 km
through deep fractures in Earth's crust. A helium isotope,
commonly found associated with petroleum, originates
only at depths greater than 100 km and is brought up from
those depths by the rising petroleum.

Since petroleum is constantly forming and rising
toward the surface, there is an unlimited supply available.

Acr-68A 42

13. Several petroleum deposits have been found at a depth
of 5 km below Earth's surface. Is this information con-
sistent with the viewpoint of Scientist 1 ?

A. Yes, because Scientist I indicates that petroleum
deposits exist at depths of greater than 100 km
below Earth's surface.

B. Yes, because Scientist 1 indicates that petroleum
deposits exist at depths of less than l0 km below
Earth's surface.

C. No, because Scientist 1 indicates that petroleum
deposits exist at depths of greater than 100 km
below Earth's surface.

D. No, because Scientist I indicates that petroleum
deposits exist at depths of less than 10 km below
Earth's surface.

14. Which scientist indicates that petroleum has formed in
the higher pressure environment?
F. Scientist 1, because that scientist states that petro-

leum has formed at depths of less than 10 km
below Earth's surface.

G. Scientist 1, because that scientist states that petro-
leum has formed at depths of greater than 100 km
below Earth's surface.

H. Scientist 2, because that scientist states that petro-
leum has formed at depths of less than l0 km
below Earth's surface.

J. Scientist 2, because that scientist states that petro-
leum has formed at depths of greater than 100 km
below Earth's surface.

15. An experiment demonstrated that petroleum can be
formed through a reaction of carbon dioxide and water.
Which scientist would most likely use this demonstra-
tion to support his/her viewpoint?

A. Scientist 1, because it would demonstrate how
marine organisms can be changed into petroleum.

B. Scientist 1, because it would demonstrate how'
simple carbon compounds can be changed into
petroleum.

C. Scientist 2, because it would demonstrate how
marine organisms can be changed into petroleum.

D. Scientist 2, because it would demonstrate how
simple carbon compounds can be changed into
petroleum.

GO ON TO THE NEXT PAGE.
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16. Which of the following diagrams is most consistent 17.

with Scientist 2's description of the formation and
migration of petroleum? (Note; Diagrams are not to
scale.)

oooooo4
E Earth's surface

10 km

100-200 km

G. Earth's surface
0.5 km

10 km

100-200 km

H. Earth's surface
0.5 km

10 km

100-200 km

J. Earth's surface
0.5 km

l0 km

100-200 km

0.5 km perrqlpum depcsit
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Based on the scientists' discussions, which of the fol-
lorving statements describes the 2 physical properties
of petroleum that are most important in facilitatlng its
movement from the location at which it forms to the
location at which it accumulates in a large deposit?
Petroleum is a:

A. fluid that is more dense than the material that it
moves through.

B. fluid that is less dense than the material that it
moves through.

C. solid that is more dense than the material that it
moves through.

D. solid that is less dense than the material that it
moves through.

18. Based on Scientist 2's discussion, which of the follow-
ing compounds is involved in the formation of
petroleum?

I. CH4
II. N2
IIL NaCI

F. I only
G. lll only
H. I and II only
J. II and III only

fi:nnation

+
I

I

mIgratron 
I

pgttolelrclde,psit

43 GO ON TO THE NEXT PAGE.



4 o o o o o o o o o 4
Passage lV

If a metal oxide sample at high temperature is exposed
to a stream of H2 gas, it may be converted to a pure metal.
Reactions 1-3 are examples of this process for a cobalt
oxide and 2 different iron oxides, respectively.

Reaction 1: CoO + H, -+ Co + HrO

Reaction 2: FeO + H2 + Fe + HrO

Reaction 3: FerOa + 4H, -+ 3Fe + 4H2O

During the reaction, the H, stream carries away H2O, so the
resulting sample is composed of metal oxide and pure
metal only.

Figures 1-3 show how the percent of pure metal,
Vo PM, in metal oxide samples changed over time as they
underwent Reactions 1-3. respectively, with and without a
magnetic field present.

Vo pM = - mass of metal , x 1gg
mass of metal oxide + mass of metal

10
time (min)

Figure I

10 20 30 40 _s0
time (min)

Figure 2

100

90
80

70

=60dso
s40

30
20
10

0 10 20 30 40 50
time (min)

Figure 3

Figure 1 adapted from M. W. Rowe et al., "Effect of Magnetic Field
on Reduction of Cobalt Oxides." @1979 by Chapman and Hall Ltd.

Figures 2 and 3 adapted from M. W. Rowe, S, M. Lake, and
R. Fanick, "Effect of Magnetic Field on Reduction of lron Oxides:
Magnetite and Wristite." @1977 by Macmillan Magazines Ltd.

According to Figure 2, during Reaction 2 without a

magnetic field, the Vo PM at 10.min was approximately:

A. 25Vo.
B. 357o.
C. 45Vo.
D. 55Vo.

Suppose that during Reaction 2 with a magnetic field,
the magnetic field had been removed at time = 10 min.
Five minutes later, at time = 15 min, the 7o PM would
most likely have been:

F. less than 307o.
G. between 30Vo and6oVo.
H. between 607o and9o%o.
J. greater than 90Vo.
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2L. According to Figure 3, in Reaction 3, how did the

addition of a magnetic field affect the yield of pure Fe
metal? At 20 min, the yield obtained with a magnetic
field was about:

A. f tn. yi"tO obtained without a magnetic field.

B. j tn" yi.ta obtained without a magnetic field.

C. the same as the yield obtained without a magnetic
field.

D. 2 times the yield obtained without a magnetic
field.

A chemist claimed that the conversion of a metal oxide
to a pure metal using H, gas will always occur faster
with a magnetic field than without a magnetic field. Do
Figures 1-3 confirm this claim?

Yes; the 7o PM reached 07o sooner with a magnetic
field than it did without a magnetic field in all
3 reactions.
Yes; the 7o PM reached 1007o sooner with a mag-
netic field than it did without a magnetic field in
all 3 reactions.
No; the Vo PM reached 07o sooner without a mag-
netic field than it did with a magnetic field in
Reaction 2.

J. No; the 7o PM reached 1007o sooner without a
magnetic field than it did with a magnetic field in
Reaction 2.

23. Suppose that Figure I had instead been plotted as per-
cent of metal oxide (70 MO) versus time:

ToMO= mass of metal oxide x 100
mass of metal oxide + mass of metal

Which of the following graphs best shows how
Figure 1 would have appeared?

Key

with magnetic field
without magnetic field

100

Eso
-ab\

0

C.A. 100

>50
rab\

0 01020
time (min)

01020
time (min)

01020
time (min)

01020
time (min)

100BF'IN
o
>50
pQ

0
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Passage V

For a photon to free an electron from a metal, the
photon's frequency, / must equal oq exceed the threshold
frequency, fr, for the metal. If f > f4, the photon has extra
energy that is transferred to the electron as kinetic energy,
resulting in the ejeclion of the electron from the metal.
K*u* is the highest kinetic energy an ejected electron can
have for a givenf.

Table 1 displays /'' for the metals calcium (Ca), mag-
nesium (Mg), mercury (Hg), and platinum (Pt). Figure I is
a graph of K.u^ versus/for each of the 4 metals. Figure 2 is
a graph of a photon's energy versus its/.

14.0

fi rz.o
o

? 10.0

; 8.0
I
€ 6.0
ar

3. +.0
bo
I

9 z.o
o

0

r0.0 12.0 14.0 16.0 t8.o 20.0 22.0

f (1014 Hzl

Figure I

ii:r:i,/:l

iiii-{; 'ffi/,,tir

6.0 8.0 10.0 12.0 14.0 16.0 L8.O 20.0 22.0

7 1tot4 ttzl

Figure 2

24. For a photon to free an electron from Ca, the photon's
frequency must be at least:

F. l.15xl0iaHz.
G. 2.45 r l}ta Hz.
H. 6.55 * l01a Hz.
J. 9.45 x I}ta Hz.

25. Based on Figure l, which of the following correctly
ranks Ca, Mg, and Pt in order of increasin g K^u* at

f = 16.o x l01a Hz ?

A. Pt, Mg, Ca
B. Pt, Ca, Mg
C. Mg, Pt, Ca
D. Mg, Ca. Pt

Table I

Metal
f,

(1014 Hz)

Ca
Mg
Hg
Pt

6.55
8.84

10.9
13.0

5.0
q
8 4.0

6

t 3.0

E 2.0
v

1.0

6.0 8.00
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26. Based on Table I and Figure 2, the threshold energy, 28.

E"1, for Hg'is closest to which of the following?
F. 3x1g-trioule
G. 5 x 10-re'ioule
H. 7 x lO-le ioule
J. 9 x l0-rejoule

27. Based on Figure 1, for eleclrons ejected from Pt by
photons havingf = 28.0 x l0'" Hz, K.u* would be:

A. less than 1.0 x 10-re ioule.
B. between 1.0 x 10-te ioule and 4.0 x l0-re ioule.
C. between 4.0 x l0-re joqle and 7.0 x l0-re joule.
D. greater than 7.0 t 1d-re joule.

Photons havingf --11.8 x 101a Hz andphotons having

f = I3.3 x 1014 Hz are shone separately upon a new
metal, Metal X, resulting in ejected electrons with the
following K,u* :

f
(1014 Hz)

K.u"
(10-1e joule)

1l.8
13.3

2.5
3.5

Based on Figure 1 and Table 1, the f, of Metal X is
most likely closest to which of the following?
F. 6.0 x l0'a Hz
G. 8.0 x l0r4 Hz
H. 10.0 x 10r4 Hz
J. 12.0 x l0t4 Hz
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4
volumes

()

initialThe same procedure was used with various
of NO and 02 (see Table 1).

At constant temperature and pressure, the ratio in
which the volumes of gases react and form products is
indicated by the balanced chemical equation for the reac-
!ion. For example, consider the balanced chemical equation
for hypothetical Gases A, B, and C:

A+28-+C

At constant temperature and pressure, I L of Gas A will
react with 2 L of Gas B to form 1 L of Gas C.

Students did experiments at constant room tempera-
ture and pressure to determine the ratio in which nitric
oxide (NO) and 02 (either pure, or from air) react to form
nitrogen dioxide (NOz).

Experiment I
Two glass syringes (Syringes I and II) were lubricated

so their plungers would move freely. Then, 20 mL of NO
was introduced into empty Syringe I through its tip and the
tip was closed. Next, 20 mL of 02 was introduced into
empty Syringe II through its tip and the tip was.closed. The
syringes were then attached to each other and the tips were
opened. The plunger of Syringe II was pushed to the
bottom (emptying its content into Syringe I) and its tip was
closed. After the reaction was complete, the final volume
of gas in Syringe I was recorded and its contents were ana-
lyzed (see Figure l).

Figure 1 adapted from Donald D. DuPr6,
tion, lnc., American Chemical Society.

ACT-68A

Syringe I Syringe II

NO2 plus any
unreacted NO or O,

Figure I

"A Simple Demonstration of the Law of Combining Volumes." @1993 by Division of Chemical Educa-

Table I

Trial

Volume
of NO
(mL)

Volume
of 02
(mL)

Final
volume
(mL)

Syringe I contents (mL)

NO o2 Noz

1

2
J
4

20
40
20
30

20
20
40
10

30
40
50
30

0
0
0

10

10
0

30
0

20
40
20
20
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Experiment 2

The procedure from Experiment
20 mL of air (instead of 02) mixed with
NO (see Table 2).

I was used to test
various amounts of

In Experiment 2, from trial to trial, as the volume of
NO was increased, the volume of NO2 produced:

A. increased only.
B. decreased only.
C. increased, then remained constant.
D. decreased, then remained constant.

In which of the trials of Experiments 1 and 2 were all
of the gases in the syringes completely converted to
No2 ?

F. Trial I
G. Trial2
H. Trial5
J. Trial6

The reactant that is used up first in a reaction is called
the limiting reagent. What was the limiting reagent in
Trial 1 ?

A. NO
B. 02
c. No2
D. Air

Based on Experiment 1, the balanced chemical equa-
tion for the reaction of NO and 02 to form NO2 is:

F. NO + 20, + NO2
G. 2NO + O, -+ NO,
H. NO + 20, -+ 2NO,
J. 2NO + O' -+ 2NO,

33. NO2 readily dissolves in H2O to form a strong acid,
while NO and 02 do not. Suppose the final contents of
Syringe I from each of Trials l-4 had been injected
into one of four 5 mL samples of pure H2O. The pH
would have been lowest in the sample injected with the
Syringe I contents from:

A. Trial l.
B. Trial2.
C. Trial3.
D. Trial4.

34. Which of the following best describes what occurred to
the plunger of Syringe I during Trial2 ? When 02 was
injected from Syringe II into Syringe I, the distance
between the end of the plunger and the syringe tip:
F. increased; then, as the reaction occurred, the dis-

tance decreased.
increased; then, as the reaction occurred, the'dis-
tance increased more.
decreased; then, as the reaction occurred, the dis-
tance decreased more.
decreased; then, as the reaction occurred, the dis-
tance increased.

Table 2

Trial

Volume
of NO
(mL)

Volume
of air
(mL)

Final
volume.
(mL)

Syringe I contents (mL)

NO o2 Noz Other gases

5
6
7
8

4
8

t6
32

20
20
20
20

22
24
32
48

0
0
8

24

2
0
0
0

4
8

8
8

t6
r6
l6
L6

29.

30.

31.

32. G.

H.

J.
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Passage Vll

A physical pendulunt is
vertically from a rigid support

an object that is suspended
(see example in Figure 1).

;+
Y

front view side view

Figure 1

I is the distance between the rod (the rigid support) and the
pendulum's center of mass (CM). When the pendulum is
displaced from its equilibrium position and then released, it
oscillales (swings back and forth) about the rod, which acts
as the axis of rotation.

Students tested several types of physical pendulums.
In each trial. first. lhey co^mputed the moment of inertia, I.
in kilogram metersi (kg m'), of a pendulum. (1 is a measure
of the mass of a pendulum and how the mass is distrib-
uted.) Next, they displaced the pendulum slightly from its
equilibrium position, released it, and measured the time, in
seconds, it took the pendulum to oscillate through
20 cycles (l cycle is 1 round-trip back and forth). Finally,
they computed the pendulum's average period, P (the aver-
age time it took to complete I cycle).

Study I
In Trials 1-5, each pendulum was a 1.0 kg solid

sphere with a diameter, D, of 0.20 m (see Figure 2).

solid
sphere

Study 2

In Trials 6-10, each pendulum was a 1.0 kg thin, flat
circular plate with D = 0.20 m (see Figure 3).

_I',LI
V.CM

plate

front view side view

Figure 3

side view

Figure 2

however, had a different l. The results are
t.

Each pendulum had a different I (see Table 2).

spherical
shell

front view side view

Figure 4

Each pendulum had a different Z (see Table 3).

Table 3

Trial
L

(m)
I

(10 3 kg m2)
P

(sec)

11

t2
13
t4
15

0.020
0.040
0.060
0.080
0.090

7.01
8.27

10.3
13.1
14.8

1.19
0.91
0.83
0.81
0.81

Table 2

Trial
L

(m)
I

(10-3 kg m2)
P

(sec)

6
7
8

9
10

0.020
0.040
0.060
0.080
0.090

5.40
6.60
8.60

1t.4
13.1

l.o4
0.82
0.76
0.16
0.17

Study 3

In Trials 11-15, each pendulum was a 1.0 kg thin,
spherical shell with D = 0.20 m (see Figure 4).

front view

Each pendulum,
shown in Table

Table I

Trial
L

(m)
I

(10-3 kg m21

P
(sec)

I
2
3
4
5

0.020
0.040
0.060
0.080
0.090

4,40
5.60
1.60

10.4
t2.l

0.94
0.15
0.71
0.72
0.74

T'
Y.
CM

L
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4
35. If an

wirh
additional trial had been conducted in Study 1

L = 0.030 m, P for this additional trial would
most likely have been:

A. less than 0.71 sec.
B. between 0.71 sec and 0.75 sec.
C. between 0.75 sec and 0.94 sec.
D. greater than 0.94 sec.

36. In each study, as the distance between the CM and the
horizontal rod increased, the moment of inertia:

F. increased only.
G. decreased only.
H. varied, but with no general trend.
J. remained the same.

37. Object A and Object B each consists of a pair of
spheres connected by a rigid wire of insignificant
mass. The 4 spheres are identical to each other. Each
object is suspended vertically from a support at a dis-
tance L above the object's CM, as shown in the figure
below.

LI
Y

L is the same for the 2 objects. Based on Studies 1

and 3, which object has the greater moment of inertia?

A. Object A, because the average distance of matter
from the support is greater for Object A than for
Object B.

B. Object A, because the average distance of matter
from the support is less for Object A than for
Object B.

C. Object B, because the average distance of matter
from the support is greater for Object B than for
Object A.

D. Object B, because the average distance of matter
from the support is less for Object B than for
Object A.

L,**"

l.'
r-''.
A

o4
38. In which of the following trials in Study 3 was the fre-

quency of the pendulum's oscillation the greatest?

F. Trial I I
G. Trial 12
H. Trial 13

J. Trial l4

39. Prior to the studies, 4 students made predictions about
which of the 3 types of physical pendulums, if any,
would have the shortest P for a given L. Student W
predicted that it would be the solid sphere, Student X
predicted that it would be the circular plate, and Stu-
dent Y predicted that it would be the spherical shell.
Student Z predicted that the 3 types of physical penhu-
lums would have the same P. Which student's predic-
tion was correct?

A. Student W's
B. Student X's
C. Student Y's
D. Student Z's

40. In Trial 4, approximately how long did it take the pen-
dulum to complete 20 cycles?

F. 0.70 sec
G. 1.4 sec
H. 14 sec
J. 70 sec

END OF TEST 4

STOP! DO NOT RETURN TO ANY OTHER TEST.
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marked any responses is 1.

Next, compute the Composite score by averaging the four
scale scores. To do this, add your four scaie ,.or"-. a-nd divide Sum of scores

the sum by 4. ll the resulting number ends in a fraction, round it
off to the nearest whole number. (Round down any fraction less Composite score (sum + 4)
than one-half; round up any fraction that is one-half or more.)
Enter this number in the blank. This is your Composite score. NOTE: lf you left a test completely blank and marked no items,
The highest possible Composite score is 36. The lowest do not list a scale score for that test. lf any test was completely
possible Composite score is 1. blank, do not calculate a Composite score.

Explanation of Procedures Used to Obtain
Scale Scores from Raw Scores

On each of the four tests on which you marked any ACT Test 684 Your Scale Score
responses, the total number of correct responses yields a raw
score. Use the table below to convert your raw scores to scale English
scores. For each test, locate and circle your raw score or the
range of raw scores that includes it in the table below. Then, Mathematics
read across to either outside column of the table and circle the
scale score that corresponds to that raw score. As you
determine your scale scores, enter them in t 

" 
oLnks p."il"J Reading

on the right, The highest possible scale score for each test is
36. The lowest possible scale score lor any test on which you Science

Scale
Score

Raw Scores

Scale
Score

Test 1

English
Test 2

Mathematics
Test 3

Reading
Test 4

Science

36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

10
9
I
7
6
5
4
3
2
1

75
74
73
72
71
70

68-69
67

65-66
64

61-63
59-60
56-58
54-55
51-53
48-50
45-47
42:44
40-41
38-39
35-37
32-34
30-31
28-29
26-27
23-25
21-22
18-20
15-17
13-14
10-12
8-9
6-7
4-5
2-3
0-1

60
59
58

56-57
55
54
53

51-52
49-50
47-48
44-46
41-43
38-40
36-37
34-35
32-33
30-31
28^29
26-27
22-25
18-21
14-17
1 1-13

9-1 0
7-8
6
5
4
3

2

j
0

40

39
38

,
36
35
34
33
32
31

29-30
28

26-27
24-25
22-23

21
20

18-19
16-17

15
13-14
11-12

10
8-9
7
6
5
4

3
2

1

0

40
39
38
37

;
35
34
33
32

30-31
28-29

27
25-26

24
22-23
20-21
18-19
't6-17

15
14
13
12

10-1 1

9
I
7
6
5
4
3
2

1

;

36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

10
I
8
7
6
5
4
3
2
1
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3837
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22-24
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15-16
13-14
10-12
8-9
5-7
0-4

35
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12
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24
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16-17

15
13-14

12
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1
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