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How to study Antarctic ice without blowing it

up

ARLEZ , BENEBERKE ?

The sound of giant tractors may replace dynamite
EAEHFENRESRINEIS

The Economist - 2026-08-19

— W EREFERSE LFEL , AT RBESEL,

YEE 58 / 100
2iN60-807 0 ; EMIEX Hit,
EAIRE BRI —MRRIENRE  FEIREKA, BRESFHFBESHNEIE,
AITES : BBPHAERTBEMMNEING , BESLSEREI,
About this lesson #xiggiz
—ABERESHRNETE , TEMAMRKENTIR, XEEBREZEEFET4 BNAERES
ERAN. BREENRRSHTR. BiEEAREENE—VH—MRE—RIE"EERANGE , BRR
B RECHEHEEE,
- BEESES MR ENERKSNIEN
o {REIE, KEBNSERIENEG
s PHALEERN R S iAthosefVE K
- FIEEFREEMELRER

Before you read igzi@=

Why might researchers replace a method that already works?
RGeS %IBRERATIHIBAE,
PBARER (p.11)
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Text iz

o1 THE PISTENBULLY 300 Polar Antarctic vehicle is a 8.5-tonne heavy-duty specialised mon-
ster built to withstand extreme polar conditions."”"' It features wide tracks, massive pulling
strength, powerful cranes and multi-purpose tools designed for the toughest ice and snow op-
erations."”® No Antarctic base should be without one. Research led by Liu Guofeng at China
University of Geosciences in Beijing, however, suggests the PistenBully may be capable of
more than just fetching and carrying.’”**"*> As Dr Liu writes in the Journal of Glaciology, it is
also able to do actual science.

— M EREFERSE LFEL , AT RBESEL,

r021 Antarctica’s ice sheet is the largest reservoir of freshwater on Earth, but it is shrinking.'®®
Just above the ice proper, but below the surface snow, is a transition zone 50-100 metres thick
called the firn layer."?7V08V99KT This is where snow is compressed into ice."'’ It is also where
meltwater from above is captured in pores and refrozen.”"" Knowing the firn layer’s exact
thickness and understanding how it behaves is crucial to predicting what will happen, over
the long term, to the ice sheet and thus to the world’s sea levels."'?*** Visualising this subsur-
face melange is difficult, though.""*

ro31 Current practice, borrowed from oil- and gas-prospecting, is to use an “active source”."'*
This is geologist-speak for dropping a stick of dynamite down a drill hole and listening to
the explosion’s sound, propagated through the rock—or, in this case, ice."”® The listening is
done by sensors called geophones."'® Since sound travels at different speeds through water,
ice and snow, a computer analysis of when and how powerfully the echoes arrive at different
geophones permits construction of a high-resolution image of the firn layer."'7*%

rro4] This works, but is not ideal. First, someone has to drill the hole down which to drop
the dynamite.“”* That is not always possible in polar conditions. Then, the explosive must be
purchased, brought to Antarctica and the actual dropping carried out. Moreover, detonating
dynamite in sensitive environments is not to be done lightly.""*V'"® An alternative source of
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sound would thus be good. And, after hearing the din created by a convoy of PistenBullys, Dr
Liu thought they might be the very thing."*°"*"">*

rros] To this end, he and his colleagues experimented with geophones already in place in the
Larsemann Hills of East Antarctica.’”* They commandeered some PistenBullys and arranged
for them to be driven around the hills."**°> They found that if the vehicles were sent along both
sides of a line of geophones, parallel with the sensors, they got the effect they were after."”

rros) Since the Larsemann Hills’ firn had already been mapped the old-fashioned way, Dr Liu
was able to compare his machine-created images with those obtained using dynamite.“® They
were pretty much identical.”** He thus seems to have devised a way of mapping the firn’s

structure that is simpler than blowing it up, but equally good."*’

New words and expressions &ifflEiE

BEXHIIAFHT ; « RIEEHSIRIA,

vo1-pPo1 heavy-duty

/hevi'dju:ti/ adj. EELAY ; MiSREERRN

I ERER , HEBIRITTAERMARFZGE  FR2HER
BESNEENS,

vo2-pro1 withstand*
/wid'steend/ v. 224 ; i
BEREEWE EHFREE, A1ME,; gxZX53FS
1814 )5 withstood,
The shelter withstood the storm.
B RET KR,

vo3-Po1 track

ftrek/ n. FEH

wide tracks ERETHFBIEPAZ2HHN. REFTSEE
S| NHANNBRE,

vo4-pPo1 he capable of*
/bi 'kerpabal av/ phr. #Ef% ; BHESIM
of ANiA , FHERIFNENR1T ; more than just FREH
AEEEN LR , MEiRENEBLHRE,
The software is capable of handling larger files.
XERHBEB L IEE XA,

vos-pro1 fetch

[fetf/ v. ZELR

fetch BEBESEELER , carry NERIARKIE, —&FHF
B ZEH B BB ESIRSEN,

V06 - P02 reservoir

[rezavwa:/ n. fiEEE ; EFRIK
XEBEBHEFERKHBERKEK , REIFEALKE,

vo7-P02 proper*

[props/ adj. ([FE) THREX LR ; x8H

the ice proper 8 EIERKK , 5 LA EFRER
EX5 ; AREEEN EHIEH,

vog-P02 transition zone

ftreen'zifon zaun/ n. phr. TER

VAR B FCRASE R ZEIRIX I ; REREENLS L
. BEEMBT,

vog-pro2 firn

/fian/ n. FIE
ANERERHESH/KTERNMS. KiFRA
Collins ZERIEE,

V10-P02 cCOmMpress

/kem'pres/ v. [£45 ; E3X

is compressed into ice J# 3] , into ERLLER ; X
FitHie A E R KRNEIE,

V11-P02 pore

/po:/ n. FLBR

FH7K eI AR RN (8], th R 25018 pore over ({F
ML) .

vi2-P02 crucial to*

[kru:fal tu:/ adj. phr. 3. EXEE

to AMiA , /5% predicting, RERRIEE to fFi—=
G GEENE

vi3-po2 melange

/merla:nz/ n. ;E&4Y

EHERIXE. K. fLBRFRIKMRNERER ; N2H
1R — M,

V14-P03 prospecting

[prospektiy/ n. EHiF

oil- and gas-prospecting Jy A HFI K A SEIIR |
prospect ( BIR ) HXEARRAEITXN,
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Vi5-P03 propagate

['propagert/ v. &1 ; &%

XBERERENRPERE ; TE571AEIEE sound ,
ARIEEEEMISR,

vi6-Po3 geophone

[d3izafaun/ n. EKES

X HH sensors S£LAH EUME ; EIERIRENES | &
= EERIR/KEIEAEL,

v17-po3 high-resolution

/ha1 reza'lu:fan/ adj. &7 PFER
IR ST ENER  BGRELERE , ART~H
RECBUEI T KEARFAEHT,

vig-Po4 detonate

/'detanert/ v. 5|18 ; IBIE
detonating dynamite Z{KEFiE
ERIMEFRIEAAMN,

vi9-poa lightly*

[lartli/ adv. =it ; RINEEEE

not to be done lightly R2IHENEREER — = , IR
NUEZRRTE,

v20-pP04 din

/din/ n. B[R ; IEZE
BLAMIMMWESEMAIEBRMAENES
RN,

V21-P04 CONVOY

/konvoi/ n. ZEpA

RIFZ—EITHMETFFR , RRIMEAIFIZFR
REGMIBIR,

, RRETNXMT

=]

FEEI

Notes on the text g3+
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v22-po4 the very thing*

/83 'veri 6m/ n. phr. IERFIEZY

very £ & 18 g iR IB“E R~ , N 2 &l 18“IF B™E i
thing,

v23-po5 to this end”

/ta 01s end/ phr. Jlth ; AR —B#/Y
ABESBRERAFREXI—BN, ARIXEFERNR
The team wanted cleaner data. To this end, it re-

peated the measurements.
BIAFRERGET/RIVEIE  AILESE TNE,

v24-pP05 commandeer

/koman'dia/ v. {AR(ER ; A
AXEERERHIRE ; REINEZRERERF , TN
# AL E ST EL,

v25-P05s he after”

/bi'a:fta/ phr. BE ; K

the effect they were after BIfth{{15 KAVKR ; after &~
e LR ZE,

v26-P06 pretty much”

[priti matf/ phr. (EIERX) JLF ; EXS

BRZE identical , ZREBHMZERIRIRM ; pretty FEXER
RINIZo

v27-Po6 devise

[drvarz/ v. &t ; i

E# method. plan, system, RES5Ri7device (&
E) Bif.

1 monster 5 actual science : NEHfFEEENIERE

[PO1]

monster FEENREKR, 8 , FBEHET. £510. EEXREMTEEAKEH. No Antarctic base
should be without one HE#WNIEFIES , HFARX T EREBILREZNIAE,

however 75| HEIFRIFIE : FMAHMNEZTEESSME, more than just fetching and carrying
AEREBECHMNE , MEIRTEAEE ; actual science SEHMAE LML , ARTREETIESS

fma”,

2 At —BERNER?
FREIRNARNRNER : RELE ,

[PO2]

THREZRHESMKTET , BETR2MEBEX LFX

K, NEEILIGESNHENGLERMK  BLERENEESSTL , BRWMIMKEITHHN—E5,
XEMERERNEREMSITH—IKERREN—EFEE”, iscrucial to iZBHEERXE , 2ZER
REBENE EEEMEER MM 2EKEYME ; over the long term FRE MTEHIET B]RE,
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3 FEEHTERSHER? [PO3]
FHERNAE , BEFLEES , BiLERICREFINZEIKENEEMEMEIIMA, XHXEE
ARFEIRII—FE” , MELRAEERXB IR EFFIMEIFEE , BETEN 2 THEER,
B ERMNER LMW EMHETEENE | AEMBRNEREERR , ESEANEFNRTEIREZ
MMHNER. FEXEELAHAREESREATN , BEAFEZREHNFRKMERE, geophones BiER
# , computer analysis 7 f1HEIE R AL E B,

4 This works, but is not ideal : BN ETgEESSGH [PO4]
works FHIAFEBESTTMAES ; not ideal fEfE M EEFL. B, BWBAFBEZWONSIITERN. R
BMAAKE , FIUEF” , MERIEESERENRIER |, ILIRFEEEER,

is not to be done lightly T HEEITEMIEIES ; XEHRY sensitive environments FEE SR FHHY
R, THZEAR din [, AREIEEERANERBRENRAENEFAINASER X7 EEET—
ERRYiAIR,

5 MRAER , HAREE(MtSEERA—E [PO5]
To this end X SHIEMNBERE L, XPRXANTMEKIKRSE. FRITRKIEU LB EXENTA
@, both sides # parallel M EFH ; BEXLER , RiA“FEMENKE” , 2dEZHRERER,
they got the effect they were after fJ5 — 4 they were after {&5ff effect , # 2 F the effect that
they wanted, XEAEREF[ETHAZESHR , T EBBEBEISEABKRLEBRFIMFADERER
.

6 “JLFHER"ZFHT4 , SURBIERt4 ? [PO6]
BaEERIE AR — XL E , B TEEEEE, those obtained using dynamite $5IH75/EBUEHY
Bl , FTULERNA 2 HEGSIHERER” , REFHSIFAIIME,

pretty much identical &R/ F—2 ; seems to have devised {REBLEICHFIERE, XLLERTIEH
FEERARFREITY , AERIEBECERRMEHA. FERESMEXI THIIEGX,

Special difficulties &

1 a8.5-tonne : EXHHEIARERER [PO1]
FTéati#l55 — a5 a 8.5-tonne, 8.5i%{E eight point five , WTTEF L ; MEHEENEA an
8.5-tonne vehicle, FIRREBATLHIEX , EEFEMNLSRER an,

BIHEIEE , F"2F8FH. an eight-year-old child 5 a one-year-old child R~[E , EX one UHS S
= /w/ A, IENFIEHNRERZE , AR EEER

2 74 to : AERFRIESNE [PO1/ PO2]
able to do 1 to [5#&zhiAER ; capable of doing 5 crucial to predicting A of, to #B2Mid , 5%
N&ia, AEIBAIEERB FIM... KB FRERIAIR 2 6§ B — MR,
The device is able to record sound; accurate timing is crucial to interpreting the results.
REBEBICRFES ;| ERITIHNRIEEREXER,
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Background &S5

1 EESES , RENTFRARENMS [PO3 / P04 / PO5]
STARLZER R RIIA , ZARBERS | WEEBILRIFHKEF W EBICRNHARE , ©oIERER
WA, RTHNEERRE  MIEESRARE TN YIEMLR,

BEEFREHAENSET EBIFNNE”, FARIGBARESNELTHEMIRE | E/NERIZBNHEL
BREG, XEXENCIFEBSSIERE , XA ECRBANT RS TR R.

Key structures xgqi
ko1-po2 HIAREIERIERRITEREIR

Just above the ice proper, but below the surface snow, is a transition zone 50-100 metres thick called
the firn layer.
HEEEMKAELS, RERETH , B—1TESOEI00KINITET , MANEE,
EHUX R A transition zone ... is just above the ice proper, but below the surface snow, [RAJIE
UERAE , BA s SIHHNSR , RPN 2ER , A2,
50-100 metres thick 25 EMEEH#IR ; called the firn layer 2id X 1E%EIE , 7B, LIE
RBE—MLET” , BERTNEMN , MEgidEX—KEE,

Below the main hall is a small room used for storage.

AT FHE—EREERZER/EE,

ko2-po2 KEIEBSEEMA : £EI is crucial
Knowing the firn layer’s exact thickness and understanding how it behaves is crucial to predicting
what will happen, over the long term, to the ice sheet and thus to the world’s sea levels.
EMNMAKIZE RS, #MEHKEBEEENAZE , TRASENRIREERETHEXREER,
FiEMH Knowing ... and understanding ... BN BEE D EMN , ANXIE“TREESITRMERA—IE
RINIR1ESS , Fis. understanding FIEi&R how it behaves , it N EE,
1B 18 Z [ crucial to #% predicting ; predicting 9 E i& X & what will happen ... to the ice
sheet, over the long term &7 happen 5 to Z[8] , thus BIEEMHEEEBFEm, FEILEIEE
9 understanding iR H i ERIIBIE,
Knowing the route and understanding how the bus system works is essential to planning a
short visit.
TREBEHFRRRRZFINMEE , WAK—RKEERREXEE,

ko3-po3 of FRYHFIEREIESE : FIRY, BBMIEE

Since sound travels at different speeds through water, ice and snow, a computer analysis of

when and how powerfully the echoes arrive at different geophones permits construction of a high-

resolution image of the firn layer.

BAFFEEEK. KNEFWEERERE , TENSTOARR, S KEEZAREIEKE , EEHRE

IEHMEHNERNS D HRER,

Since 5|SFEHA : FEEEABNRPEEARE, FAFIER a computer analysis , #ZIBIER per-

mits , construction 2 A1FEIMALE

of when and how powerfully the echoes arrive ... BB #TBIAZ. when [o)ZIiART[8] , how power-

fully o3& E ; #&EH = the echoes arrive, #8RARIFAGIAIERF , 5 when do the echoes arrive,
An analysis of when and how often customers return helps the shop assess demand.

AMMEFN, SINEMBRAM , BITEEFIERER,
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ko4-Po4 4TiF + which + RE : #...ERHTL
First, someone has to drill the hole down which to drop the dynamite.
B5E , SEAME—NEE FRALEARIAL,
the hole down which to drop the dynamite 2 E4ErIX R 45 , "] F A the hole down which
someone can drop the dynamite, down which ZZXEFLA T HRMHIFE ; which REE#RAE that
H7E down &,
FA) %1% someone has to drill the hole , At RERBIREBENENITE, EREITHNERIITRIZNE
KZBANF] , AEIRIA S hole B 2 BUEA,

They need a container in which to store the samples.

FE - rIAREFRERNER,

Kos - P05 arrange for somebody/something to be done
They commandeered some PistenBullys and arranged for them to be driven around the hills.
fibfI 1R T —LePistenBullyF4 , HELHIFEMSEERRITI
arranged for them to be driven 2 ZHFE##Z3¢, them [@#E PistenBullys ; to be driven 73#z
AERN , EAEWHAZEX—IF,
5 arrange to drive the vehicles fHtt , [RARNHBALHERAAZE, for EXBS|HAEXNBEE
&, ARZZRRATEN,
The team arranged for the equipment to be delivered before the test.
FIRA L HEE ML Z FTE IR &1XIA,

ko6-Po6 those B EHZ1T , REBELLEROZ
Since the Larsemann Hills’ firn had already been mapped the old-fashioned way, Dr Liu was able
to compare his machine-created images with those obtained using dynamite.
MTHETE ERMAE R ERERGELHIMAE , LiutE e B mAIREMESRS AIFZE
FHEIRIFELER,
Since X E5|HIREA : A— X% BELAHIRAEHIE, had already been mapped J931d % e Ak Bt
o, IEBEE NSRRI R LR Z A,
compare his machine-created images with those obtained using dynamite ¥ those X & im-
ages , obtained ... {&1fi those, using dynamite i#BE3XEX /5, HIE those IBRERIEZS , FLIELL
BRI T,
The team compared the new measurements with those recorded last winter.
FBASHFTN LR S X FLRICRIERIFLLR,

Exercises #3551

Listening IT/7 (&)
EH MEERS , REIRFERARNEK. HERSHER.

02 Name the layer studied and the two sources of sound compared.
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Comprehension I2f#
RAXEHRHGIFIERRE | & BN R RIE,
03 Why do the timing and strength of echoes matter?

04 What is the main criticism of the dynamite method?

A. Tt never produces useful images.
B. It works, but drilling, transport and environmental concerns make it inconvenient.

C. It cannot be used anywhere in Antarctica.

05 What made a direct comparison of the two imaging methods possible?

06 Does the article prove that vehicle sound will work equally well everywhere?

Words in use id;C

ERRAESE , BIA—X , WENTH,

1§ : withstand / to this end / the very thing / pretty much

07 The new roof must strong winds.

08 The team wanted to reduce waiting times. , it opened another entrance.

09 We needed a quiet room, and the empty office was .

10 The two designs are identical, apart from the colour.

Key structures 75!
RERE ; KiLEFES , BEHNE,

11 Rewritein ordinary subject-first order: “Under the stairs is a cupboard used to store cleaning
equipment.”

12 In P2’s sentence beginning “Knowing...”, what is the main predicate?

13 Correct: “The analysis shows when do the signals arrive.”
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14 Rewrite using in which to: “We need a place where we can keep the equipment.”

15 Complete in the passive: “They arranged for the samples ____ (collect) on Friday.”

16 What does those replace in “Compare these images with those obtained last year”?

17 Choose a or an: 8.5-tonne vehicle”.

Summary writing &

FA70-90iaiBRFARI R, FiEE IR, BIES%ILTEE,

18 Write a 70-90-word summary.

Composition E3Z (4 )

4] : FA100-1201F M A — A E TEF RIS , BHItRNES —IRH,

19 Propose a new use for an existing tool in 100-120 words.
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Reference translation £#ixyx

P01 PistenBully 300 Polar@@i Rl ER—EESSMIERETAESE” , hEARMIRRIFAMIE,
EREREANET. BANESN, BINEERE U hERFTAEFLIRTHZAEIA, £
IR BUEE AR D XFE—M %, AT, IERBFEFRAF BLIU Guofeng® MARKIARR
BR , PistenBullyfyZR e SR RERTFENGRANMIZ, [EWMLiuELE GKIIZERE) FAE , EXEE
EE5MZEWR.

P02 FRKERIK EERARKKMERE , BEERS ), EEENKELS. RERETH , 1
ES50ZE100KMTEF , MANER, REEXERESKMK EARTHRIKESEIERFEELLR
B, EAE, BERMARKZEKS. EMEREFEFNAEE  TRASENBIEEREITAE
XEZE, M, BILXEREU T ESYNEHERLRANES,

P03 BRIXRANMGEELEHESER , RER—MINFR . HRFFRHXEGRZE , BHRE—R
FIRIFABMALL , EITRIFFENFEEE 0 —EXENRK—HEENER, RIBBRITESH
R AHMERIRRERE, BTHREEK KNEFNEEEERR , tENSTEAME, USX
SBEIARNEIKR | EERBLLMENEENS I HREIR,

P04 XANINERY , MAREE, B SEAME - E FTRALFLEFL, RHEET , ZIHA
BREME, BB WIRWIER, KFHIZREN , FEFRTMRM, LS, ERSSIMERSIRIFS |, th
TNeEEZXRNZ, B, RGBS —MHERMT T, W2 —PAPistenBullyZF4f& HHEHSRE , Liutg
ITRFBE(SHFERMEBNERRA,

P05 Hit, MBEENACLHAhREFERUGTEERNEKBRA XK, IBART —
LpistenBully% 4 , AL HEEMEEMRERTIEL. &M, ILEWE—IRBOAEM,. FIiTTF
RRHIIS AT, MEEFRMIEENNR.

P06 HTFHHTEERMNEERAICERAERAAELEHMAE , LvEteaBEERBFREMNEGRSHA
TFAREHERIFILR. BmE/LFx2—#&. Bt , RS T -—MESREREEMITEE , LA
IFAEBE , AMEFEN,

10
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Reference answers £EZ&x5@h

AREAREKRESEEREF N ; ANEEEMER , BIERRIA,

Before you read iZgiEE

01 iXpIEE

A replacement may be easier to use, cost less or disturb the environment less while giving com-

parable results.
ELRAVREXERN, ZRREANERREHNRMWI. BH, IMREREE)E,

Listening Ifr /3

02
The firn layer; dynamite explosions and the sound of PistenBully vehicles.

KEREANMARER | FREFHENRENERE.
Comprehension JEf#

03
Sound travels at different speeds through water; ice and snow. The echo data can therefore be
analysed to construct an image of the firn layer.

LRECRES , HEVSMERER | AEEERRBKERIHER,

04
B. It works, but drilling, transport and environmental concerns make it inconvenient.

[R3ZSEAIA This works, RBEUAMIBEGHEIR , RBIRARATEEWTL,

05

The firn in the same area had already been mapped using the traditional method.
E—XEHNEBEREHILREE | FTERNENAMIREZENEFE.

06

No. It describes a particular trial whose images were nearly identical to those from the older
method.
pretty much 5 seems (RESCEFIEEREE, BFENK[LIRERG  MARZZHMEKIANHE.

Words in use id3C

07
withstand
must 5iEEH , withstand B EHEIE,

08
To this end
A¥ZBAr , 5 S BARRENRIITEN,

09

the very thing
ERRIESHE FTRIEENFRA,

11
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10

pretty much
{REBEINFERE |, apart from HBB{NEZES,

Key structures %!

11

A cupboard used to store cleaning equipment is under the stairs.
used to store ... {5{&%f cupboard ; AEILHh = E2%i1R AL £k A,

12

is crucial to predicting what will happen to the ice sheet and thus to sea levels
FAARDNAR is ; understanding F predicting A2 HIPRE&N1F,

13
The analysis shows when the signals arrive.

HRARYB)3EEE 2] N B AFRRIER | % do.

14

We need a place in which to keep the equipment.
in which #githsax & , AFJE in that to,

15

to be collected
samples 2 UNERIITSR , arrange for E AT EEFIBIIENAER.

16
images
FAREEN &i#{TLLER ; obtained last year /5 B {1,

17
an

eight ATTEE R MAXEF — T a FERR.

Summary writing {2

18

Researchers need images of Antarctica’s firn layer to understand the ice sheet’s behaviour. The
traditional method uses dynamite, but drilling, transport and environmental concerns make it
inconvenient. Liu’s team tested sounds from PistenBully vehicles instead, arranging them to
travel alongside existing sensors. The resulting images were nearly identical to earlier ones
made with dynamite. The trial suggests that vehicle sound can offer a simpler way to map the
layer, though the article does not establish that it works everywhere.

N BAEE AR E &R nearly identical , @ % R S5 EHZFH, L has replaced dynamite everywhere
2XRY the trial suggests a simpler alternative , 7 8EVx S IEESEE,

12
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Composition fEX

19

A school could use ordinary smartphones to investigate noise around its buildings. Students
would record short samples at the same locations and times on several days. To make the com-
parison fair, they would use the same phone settings and keep the distance from the road con-
stant. The recordings might identify places where lessons are often disturbed. However, phone
microphones would not automatically provide precise professional measurements. The team
would therefore compare a small set of results with those obtained from a proper sound me-
ter. If the patterns were similar, the phones could offer a simple first survey, while important
decisions would still require better evidence.

AFERNBER2TEHR, AR, tERFGFS5EH, 6% everyone has a phone, so the data must be
correct ; REFENENEBWERHE, REANNEMETMNEXIBE,

13
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