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reading a passage, choose

“question and fill in the correspondmg oval
\5 refer to the p_ _

answer document You ma
- often as necessary

You are NOT permitted to use a calculator on " f

Passage |

The freezing pomt of an aqueous solution (Tf) in °C
can be calculated usmg the equation - .

T =~1, 86xm><z

where m is the concentratmn of the selute in moles ef o
solute per kilogram of H,O (mol/kg H,0) and i is the aver-
~age number of particles produced by 1 formula unit of the

solute when the formula umt dissolves in H,0. The theo-

" retical i value of a solute is the total number of partlcles - '

- produced when 1 formula unit of the solute dissolves in
" H,0. Table 1 gives, for 4 ionic compounds, the chemical

' formula and the theoretical i value. Table 2 shows how the |
 observed i value at 25°C for these compounds changesi- e

- with solute conc entratmn

. Tablel

Theoretical i value

Sodium chloride ‘Na(Cl
Potassium chloride | KCl
| Magnesium chloride | MgCl,

Alﬂlﬂﬁmum Sulfﬂte (NH.q.)g'S 04

ACT-E23

SCIENCETEST | |
35 Mmutes---40 Questtons B

' DIHECTIONS Thera are several passages in
Each passage is followed by several quest) of
the best answ ';rg

- ﬁ -1 Concentration |
| | ofaqueou
- golution | ||
(mollkg H20)§ - NaC

0.1
02
03
04
06
08
09
1.0
20

| Table 2 adapted
| Equation for thg
| American Meteol

,, ?his tost.
18, After
o each
on your
39 ges as

Observed i value at 25°C for N

fr;E B A Kunket "Commants on ‘A Generalized

| | GOONTOTHENEXTPAGE.

il'utmn Effect in Drop!et Growth " @1969 by
oldgical Soclety. .




word

- ...._._..._.__..................._ :.L...........,..:!: -

6 Sucrose (Cf
- remains intagt
“information :
i value for C
KClor greater

" F. Less; the
- llkely 1 N
G. Less; th -i;aeoret1ca1 i value for Cquz()u 1s most-
- likely 4 or|greater.
_-__ Greater- 1t > ¢
| the theoretlcal i valne for CmngOu is
likely 4 or greate:t :

3011) is a molecular compound and
vhen it dissolves in water. Based on this

“*d the passage, would the theoretical
1,,0,; more likely be less than that of
han that of KC1?7

ecretlcal i value for ClemO,L, is most

A

b
b
I
£
E
1
E.
.|
.i.
&.
IL.
1

ag | GOON TOTHENEXT PAGE.

e theoret:tcal i value for C,szOn is
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Passage I

to survive exposure to an antibiotic. These antibiotic-

- resistant bacteria may have a different relative fitness (a |
‘measure of survival and reproductwe success) than E. coli |

w;.thout mutations. Scientists conducted a study to deter-

- in Table 2.

Table 1

Rﬂlatwe fimess of E. coli exposed for 24 hr te
a streptemycm concentratlon (m ug/mL*) of

*micrograms per rmlbhter '

Note: A relative fitness of 0. 0 mdlcates no survwmg
bacterla : -

| Table 1 adapted fmm Viktéria Lézar et al., “Bacterial Evolution of
~ Antibiotic Hypersensitiwty @2013 by EMBO and Macmilian Pub-

. Iishers Limited

- Table 2

Strain ~ Effect of mutation

. Increased rate of cell division o

. Increased rate of streptomycm removal
- from thecell

| Decreased rate of streptomycm entry
| into the cell

Decrea,sed rate of DNA damage repalr

Some mutations in Eschertchm coh allow the bactena .

mine the relative fitness of 3 . coli strains—1 nonmutated
(Strain U) and 4 mutated (Strains W, X, Y, and Z)—when

the strains were exposed for 24 hr to ea.ch of 5 different
concentrations of the antibiotic strep tomycin (see Table 1).

The effect of the mutation in each of Stra.ms W-*--Z is hsted ke

9 Accordmg

valll
Ny
v
3

A. 1ntoth
- B, mtoth
- C. nutof

D Ollt()t u

|
IR0
- ]I'_I 1

10 Suppose

- Strain X cell
- concentrati
._'-Straan-,
- greater nu 1

| Strain
~ and St

1 :

- and Strain
H. Strain X
J.

..

;f:able 2 whlch of the fol]owmg state-' |

ments besy d
7 Compared to nonmutated E. col: cells,

j move streptomycin:
dii

[ cell at a decreased rate.
¢ 4 e]l at an mcreased rate

scribes the effect of the mutation in

at a decreased rate,
at an increased rate .

qual m:lmber of Stram W cells and -‘
f_ ere exposed for 24 hr to a streptomycin
| “f 2 pg/mL. Based on Table 1, which of
r | Strain X would more llkely have the

7 Strain W had a relative ﬁtness Of 0.3, '

b4
"
: s

 of cells survive and reproduce?

1 X had a relative fitness of 0.8. --
. Strain W had a relative fitness of 1 2,
| X had a relative fitness of 0.9. o
Strain X had a relative fitness of O 8 and N

had a relative fitness of 0.3.

Strain X had a relative ﬁtness of O 9 and . '

i k ad a relatwa fitness of 1, 2.

ol |

ACT-E23
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R —— T — R IR : relatwe fitness of a nonmutated stram-

12 In the study,
_ or 24 hr in the absence of an antibiotic

~ that was gro 2|
was set to 1. ﬂl Was this strain more likely Strain U or
Strain Z, andt as this strain grown for 24 hr at a strep-

~ tomycin conde atmn of 0 ug/mL orata streptomycm

concentration ' W
B A Strain U3 0| k
~ G. Strain Uj 8jug/m
H. Stramn Z; Olg/o

ﬂi |

i '.

. ' .': :r
H o i
1.
[ 1 ' .
' : ::|l .
. ] . :i! 1
: - - | ik
- L i .
Lo n. ! i .
: i
H .

BEIE

! ' ‘I L} ' !_:i ! .
. ' " - \ .
- :i' L ' . .
: ' : E . ) '
. H ' I.I . . ) .
T I O TUAN 1 - | S
1 \ 1
; AR
: STOFR
: LB
. '
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- hquid Wate:c on the surface.
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Passage v ' . _ R 20 A support "
_ - _ . Hypothes1s
Introductzon . i I . early Earth

- During the early Earth perwd (the ﬁrst y) bﬂhon years ,: contained: Rt

‘after Barth formed), the Sun produced only about 70% of K carbon £ o T pounds but not nitrogen compounds

the light and heat that it does today. Consequently, if eartly @ G. nitrogen dompounds but not carbon compounds.

Earth’s atmosphere had been identical to Earth’s atmo- = H. bothce bg compounds and nitrogen compounds..
sphere today, the average surface temperature would have ] nexther compounds nor nitrogen compounds

been well below the freezing point of water. However, geo- -~ | o . |
 logic evidence indicates that a large amount of liquid water

‘was present on the surface. Two hypotheses were proposed |

to explain how 3 heat-absorbing greenhouse gases—carbon

dioxide (CO,), ammonia (NH,), and methane (CH.)~in |
early Earth’s atmosphere contnbuted to the presence of R

i

%r of Hypothesm 1 and a supporter of -
2 would be likely to agree that, during the
iJ iod, magma from beneath Barth’s cmst

oA
ol R ) wmbdt  adbd

Hypothesw 1

- During the early Earth period, volcanic eruptions -
released both CO, and NH; into the atmo sphere. In addi-
tion, microbes produced CH, by metabolizing hydrogen
(H,) gas. Compared with atmo spheric greenhouse gas con-
centrations at present day, those on early Earth were consid-
erably greater: the CO, concentration was about 100 times

“as great, the NH, concentration was about 20 times as great, |
and the CH, concentration was about 1,000 times as great.

These hi gher» than-present atmos phenc concentrations of
CO,, NH;, and CH, absorbed enough heat to maintainan | | |
average surface temperature that allowed for hqmd water. un o

"H, in early Earth S atmo-

- Hivpotheszsz o - . ,23 In regard t ie source of

; - sphere, wh o 1 of the followmg statements describes a
The only soutce of atmos heno COQ, NH?,, and CH4 - Sphere, gl

on early Eagth was volcanic gruptmns Compared with ilffereérllce t' : eexithpolthgs}:is év :snd Hyp DtheSIS 2 7
atmospheric CO, and NH; concentrations at present day, =~ HCCOTHAE] I? l YPOLRESI1S 4 - -
‘those on early Ee:rth were somewhat greater: the CO, con- A, released om volcanic eruptions, wherees accord-- .
centration was about 40 times as great and the NH; concen- ~ ing to|] F pothems 2, CH, was produced by xmcro---
‘tration was about 10 times as great. The CH, concentration ~ bial me t ;' olism. .. |
was about the same as its present value. At those concen- ~ B. releas wi d from volc anic erupuons, whereas accord-' .
trations, the 3 gases by themselves would not have @~ ingtoE
 absorbed enough heat to raise the average surface tempera-— - - cal ree - -

ture above freezing. However, atmospheric concentrations €. produgeq | by microbial metabolism, whereas ,
of both nitrogen (N,) and Hz were approximately twice accor ¢ to Hypothes:s 2 CH4 was released from
‘what they are today These higher-than-present concenfra- ~ volcan c mpﬁoos - o
tions of N, and H, greatly enhanced the heat-absorbmg D produ te u by n:ucroblal metabohsm, whereas
 effects of the 3 greenhouse gases, maintaining an average ~ accord n }to Hypothes1s 2, CH, was produced by

._ surface temperature that allowed for hqmd water. - _ ohexm ' a neac‘aons between COZ and Hgo

pns between CO, and H,O.

 Secret |
- word

DOthesm 2, CH, was produced by chemi-
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25. Hypnthesx,s 1 would be best supported by whwh of the
following findings involving CO, or CH,; 7

'A. Bvidence that 4 billion years ago the concentratmn
~ of CO, was 20 times the present concentration
B Ewdence that 4 billion years ago the concentration |
. of CH, was 20 times the present concentration
C. 3. 5-—b1111on-—year—-old rock samples containing evi-

dence of CO, produced by microbes
D. 3.5-billion-year-old rock samples contammg eV i- _

dcnce of CH, pro duced by microbes
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passageV Smdy2

interact with each other to produce forces that inhibit flow ; havmg the same|D)|
and generate heat. Students performed 3 studies of viscous ST [

fluid flow using the expemnemal setup shown in F1gure | S

@ @

‘Figure 1  Study 3

In each trial of the studxes, the students sent a flnid through _

 a tube such that the fluid completely filled the tube. The

~ fluid had a viscosity 1; the tube had a radius R and was
fitted with 2 pressure gauges, Gauge G and Gauge H, that
were a distance D apart. The pressure of tha fluid at

" Gauge G minus the pressure of the fluid at Gauge H always
“equaled 5 kxlopascals (A kilopascal, kPa, is a unit of pres-
sure, which is defined as force per unit area.) Using a flow

the tube, F, in milliliters per second (mL/ sec)

Smdy 1

The students measured F for varwus ﬂu1ds each
having a different 7, that flowed, one at a time, through a
‘tube havmg an R of 5 00 mm and a D Of 1 00 m (see |

Table 1)

o *pascalsecond N

 Viscous ﬂmd ﬂaw occurs when various parts of a ﬂu1d 1.0 x 107 Pa-sec ti

The stude ts
e¢ that flowed through each of various tubes
K, 5. 00 mm, but dlfferent D (see Table 3)

) b . 0 .
| L } ] . . . . .
. | ; . - . .
. . 1 . : . a
i N ;
. I . )
' I ) ] . .
. il‘ . 0 ) '
r.l ' . ) .
T
i :
1 :
LI _ : . _ _
! L) . .
0 .
i .
! | ) . .
S ' ' _ .
' 1 . , ] .
1 - .
i | . .o . . . . : 5 .
. 1 .
I : _ : ' :
‘II i - . - . L} L}
. ; .- . . . . b '
. 1 . .
N 1 ' .- . .
L :I . . i . ] .
4. . .
o : N . . N .
;' B . . . . . . ) _
3 | N ' ' R |
D - . ' . :
l|II II " L} . . . N -t i
a1 i . - . . '
L] 'i ' . . ' . . I . _ i . .
: - : ’ L. 3
1 i . . ' . . .
LA 1 ' - _ . .
| : - | _
1 L . .
.\.I 0 N .I
co : : . |
. i ' .
| | .
: |
nf 1
I L}

The, students

) R T ' -
. - !I'

1 |: .

! 1
Iﬂ ¥
! : 1
Vi .

! ¥

,(mm) | F (mIJseQ) '

1l 2 00. - 315
L300 | 159
111400 | 504
75.00 1 230

[ T - PR P . . - e = . - . C e = as - . - L T e L Mmm s e mmma P [ = [ —— - . . - - . PR aem m=a e S .
. - - N - . - - N -
f e e = - - [ . - . - - - - e - [ . - m e T T e mim e = = s = oae = = - . _——— = e ot m——— et = mem—— = - —t—m mmm = m = smma mh s tmmmem s me——r e e s = e = s e e m—— = s s s
- - - = e e - . - . - - [ - - .- - = . [ — .
- . ' . -
o . .

" easuwd F for a ﬂmd havmg an n of }
that flowed through each of various tubes
; "5:1 00 m, but dxﬁferent R (see Table 2)

Table2

measured F for a fluid havmg an 'n of

Table 3

B ;D (m) F (lesec)

‘meter, the students measured the fluid’s flow. rate through o R | 0 50 2 460 o
' R P o 1.000 1 230
250 ) 492 o

ACT-E23
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- 30. Based on the mformatmn gwen, in wh at du'ectmn was
the fluid flowing?

F. From Gauge G ts:)ward Gauge H, because the pres- i
- sure at Gauge G was greater thau the pressure at |
- (Gauge H. - IR
G. From Gauge G toward Ga.uge H, because the pres-. e o
~ sure at Gauge G was less han the pressure at

Gauge H. 1
"H. From Gauge H toward Gauge G, because the pres-_ -
~ sure at Gauge H was greater than the pressure at |
. QGauge G. e
J. From Gauge H toward Gauge G, because the pres- |
~ sure at Gauge H was leqs than the pressure at
Gauge G. _ | _

ww @ || coontommenexreace.




Passage Vi

‘Wheat ngth is ne gatwcly affected by hlgher—-than-

normal salt (NaCl) concentrations in the soil. Scientists

~ investigated whether the negative effects are countered by
- adding to the soil either a species of bacteria (Species R) or

a mzxture of protems from marme algae (PMA).

Smdy 1

-~ First, 240 1dent1c:.al 2 L pots were ea.ch filled Wlﬂl
1.3 kg of a certain soil. Next, 5 wheat seeds were planted in
each pot, and the pots were divided equally into 4 groups

(Groups 1-4). Then, all the pots in each group received 1
~of 4 treatments (see Table 1) ' _

Table 1
Treatment
105 LofHZO
1 05L of H,0 contammg 9, 3 g!L of NaCl

1 0.5L of H,0 contatnmg Specles R and
_ 93g/LofNaCl ; -

| 0.5 L of H,0 containing PMA and
‘ 93g1LofNaCl - _

.y Note The addition of 9. 3 g/L of NaCI to the pots
| in Groups 2—4 resulted in a hi her-than-normal

NaCI cancentratwn in'the soil in those pots.

After treatm ent, each pot was 1rr1gated once every B
3 days with either 0. 5L of H,0 only (Group 1) or 0.5 L. of

HQO containing 9.3 g/l of NaCl (Groups 2—4). The average
number of seeds germinated per pot was then determined

for each group at 3,35, 17, a.nd 9 days a;tter treatment (see
Table 2). )

ACT-E23

Smdy.? 11
~ An addm

N treated and 1
ment, all but 1_,,

- pots that had
- gated as in Study|l

~ plant height w
' Flgure 1) )

Day S
after

" Table 2 and Fig
- tion of Growth of

.:-a:_'
- I 1 -
P

l:.
< - .
lI -

‘Saline Condition
~ terium Azospirillum
~ Ulva lactuca.”

- average plant height (cm)

~ g ie number of seeds gerrmnated per pot_

- treatment up 1

Table 2

tl

1'1

g _
’ dlmg were removed from each of the

’-u iple seedlings. Each pot was then irri-
for an additional 75 days. The average

| then determined for each group (see

240 of the 2L pots were prepared

adapted from Elhaﬁd Nabti et al “Restora- :
rum Wheat (Triticum durum var. waha) Under

)

GO ON TO THE NEXT PAGE.

e to Inoculation with the Hhizosphare Bac-
rasiiense NH and Extracts of the Marine Alga

©2010 by Sprmger Science and Business Media .

fted as in Study 1. Nine days after treat- '
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' 38 Cons1der the |
- more effecti

with a hi gherq-- 1an-normal NaCl concentration than

was. treatment with PMA>” Are the results of Study 1

ment “Treatment wﬂ:h Specles R was

t promoting seed germination in soil

for 5,7, and 9 qa ys after treatment conmstent thh this

statement?

F. Yes; on a' 3 ef these days, the average number nf -
- seeds ge ; nated per pot was greater fer Group 3
~ than for Grpup 4.
G Yes; on a  of those days, the average number of

seeds ge ated per pot was greater for Group 4
: than for Grpup 3.
. H No; on ea '
- seeds germy
than fOr J1L) p4
J No; on a h Of these days, the average number of
" seeds gerntinated per pot was greater fcr Gmup 4
L than fer mwoup 3. - o

e ‘Secret
L word

‘greater for the
~ PMA and Na(
- either H)O ¢

_ 1 - h — tl:us stateme' o .
- 37. Consider the claim “The average he1ght of the pla:ats mn o ow & by verage plant hei ht in Grou 3 Was
a 8f Dup was affected by the number Of daya thﬂt the _ 1 thagavgrage P]_angt helght III C‘?roups 2
~ pots in that group were irrigated.” Can this claim be 1 |
evaluated on the basis of the results of Study2?

A. Yes, because the number of days of m'tgatmn was
- the same for all the groups. '
- B. Yes, because the number of days ef 1rr1gat10n was
B chfferent for each group. _
€. No, because the number of days of 1rr1gat10n was
 the same for all the groups. - | !
- D. No, because the number of days ef mgatlon- was greater'_
- dlﬂerent for each group L o Group 3' R

‘1 #erage plant hetght in Greup 4 was

1 that in Group 2 but less than that m | '

f f ‘ i}erage plant helght in Greup 4 was -

| ef those days, the average number ef R
nated per pot was greater for Group 3 o :

40 Consuier tha L & tement “On average, plant helght was
¢| plants treated with H,O containing @
than it was for the plants treated with
ofitaining NaCl only or H,O containing

Species R ar d aCl.” Do the results of Study 2 support* S

1 the average plast height in Greups 2

gy erage plant height in Group 3 was

n that in Group 2 but 1ess than that in o
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