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Meronnueckue ykazaHus K IPAKTUYECKUM 3aHATHSIM M0 JUCLHUIUIMHE
«AHrmuickui s3b1k» s crygeHtoB I-II kypcoB dakynbrera «TAMIIT»
cnenuanbHOCTH «IIprOOpHI TOUHOW MEXaHUKW» THEBHOW (QopMbl 0OyueHus /
Cocrt. P.B. KambimnukoB. — CeBacronoinb: M3a-Bo CesHTY, 2011. —44 c.

Meroanueckue ykazaHusl MpeJHa3HA4YEHbl U1 MPAKTUYECKUX 3aHITHH
U caMmocTosATeNnbHON padoThl ctyaeHToB [-1I kypcoB cnenmansHocTH «IIpubGopsl
TOYHOU MeXaHukm» (akynprera « TAMIIT» nueBHON (opmbl 00yueHus. Mx
LENbI0 SABJISIETCS MPUBUTUE HABBIKOB UTEHMS, I[OHUMAaHUS M IEpeBOja
JUTEPaTyphl MO CIEUUATBHOCTH, OOYYEHUsI aKTUBHOMY BIIQJICHUIO SI3bIKOBBIM
MaTepuagoM, BEACHUIO Oeceapl Ha aHIJIMICKOM sI3bIKE B  Ipefesax
paccMaTpUBAEMBIX TEM.

Meroanueckue yka3aHusi pacCMOTPEHbI M YTBEPKACHBI Ha 3aceJaHuu
kagenpsl [IpakTUKM pOMAHCKHMX M T€PMAHCKUX S3bIKOB (TpOTOKOA Ne... OT

JlonmyieHo y4eOHO-METOUYECKUM LIEHTPOM M HayYHO-METOJAMYECKUM
Coserom CeBHTY B kauecTBE METOTMUECKUX YKA3AHUM.

Penenzent: E.B. MuxaiinoBa, kanauaat (puiaoJora4yeckux HaykK, JOIEHT

kapenpsl Teopun u npaktuku nepeBoaa (CeBacTOMOJBCKOTO HAIMOHAIBLHOIO
TEXHUYECKOI'0 YHUBEPCUTETA.
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BBEAEHHUE

JlaHHBIE METOJIMYECKUE YyKa3aHWs MpeJHa3HAYEHBbI IS HCIOJIb30BAHMS
Ha MPAKTUYECKUX 3aHATUSIX IO aHTJIMHUCKOMY SI3BIKY U JIJII CAMOCTOSTEIIbHOU
pabotsl ctyaeHToB | u Il kypca cnenmanbHocTU «IIprOOPHI TOUHON MEXaHUKW)
¢dakynprera « TAMIIT» nHeBHOUM opMbI OOyUEHUSI.

OcHoBHOI IS METOJIUYECKUX yKa3aHUM SIBJISIETCS
COBEpIICHCTBOBAHWE S3BIKOBBIX 3HAHMM M KOMMYHUKATUBHBIX YMEHUU
CTY/ICHTOB Ojarojiapsi akTHBHU3allMM HCIIOJb30BAaHUS JIEKCUKU (Kak OOIIero
XapakTepa, TaKk U TPOPEeCCHOHAIBHOW HAINpPaBJICHHOCTH) TMPU MEPEBOAC
TEXHUUYECKUX TEKCTOB M HAlMCAHUW aHHOTAIlUM, a TakxKe Oyarojaps pa3BUTHIO
YMEHUI NpUHUMATh ydacTue B Oecele (Kak B aKaJeMUYECKOM, TaKk M B
pogecCuOHaNBHON cpefie).

JlaHHBIE METOJIMUECKUE YKa3aHUS COCTOST U3 BOCbMHU YPOKOB, KOXKJIbINA U3
KOTOPBIX BKJIFOYAET TEKCThl IS UYTEHUS U TIepeBO/a, OOCYXKICHUS W
COCTAaBJICHUS AHHOTALMM, CHUCTEMY VyHOPaXHEHWH g MPEATEKCTOBOIO,
TEKCTOBOT'O M MOCJIETEKCTOBOTO JTAalloB pPabdOThl, KOTOpPHIC HAIMpABJICHBI Ha
peanu3almio 3a7a4, paclIMPEeHUE CIOBAPHOIrO 3amaca U COBEPIICHCTBOBAHUE
HaBBIKOB MPAKTUYECKOIO BJAJACHUS AHIVIMMUCKUM s3bIKOM. [k ypokoB
3aBEpIIAET UTOTOBBIA TECT, KOTOPBIA COCTOUT U3 ABYX BAPUAHTOB U HAIIPABIICH
Ha TIPOBEPKY YCBOCHHUS HH(OpMAIMM W JIEKCUKH, COJEpKallehcsi BO BCEX
BOCbMU ypOKaX JJAHHBIX METOJAMUYECKUX YKa3aHUM.
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LESSON 1
LASER RANGEFINDER

Lexical units:

laser rangefinder — na3zepHslil nampHOMED
target — 11e71b, OOBEKT

high precision — (31ech) TOUHBIN
sub-millimeter measurements — u3MepeHHs] O4YEHb MAJIBIX €IMHULL JIJTMHBI
triangulation — TpuroHomMeTpuyecKas CbEMKa
rise time — BpeMs HapacTaHUs

fall time — Bpems criazia

reading — nmokazanue npudopa

to vanish — ucuesarp

gradient — OTKJIOHEHUE

time-of-flight — «Bpems ponéra»
single-face — equHUYHBIN

to merge — MmorjIoImaTh, COCAUHATD

archery — ctpenbp0a u3 Jiyka

stock management — yripaByieHuE 3anacaMu
real estate — HEIBUIKMMOCTD

tape measure — pyJIeTKa

TEXT

A laser rangefinder is a device which uses a laser beam to determine the
distance to an object. The most common form of a laser rangefinder operates on
the time of flight principle by sending a laser pulse in a narrow beam towards
the object and measuring the time taken by the pulse to be reflected off the
target and returned to the sender. Due to the high speed of light, this technique
is not appropriate for high precision sub-millimeter measurements, where
triangulation and other techniques are often used.

The precision of the instrument 1s determined by the rise or fall time of
the laser pulse and the speed of the receiver. One that uses very sharp laser
pulses and has a very fast detector can range an object to within a few
millimeters.

Some of the laser light might reflect off leaves or branches which are
closer than the object, giving an early return and a reading which is too low.
Alternatively, over distances longer than 1,200 ft (365 m), the target may
simply vanish into a mirage, caused by temperature gradients in the air in
proximity to the heated desert bending the laser light. All these effects have to
be taken into account.
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Nowadays laser rangefinders are used extensively in 3-D object
recognition and 3-D object modelling. This technology constitutes the heart of
the so-called time-of-flight 3D scanners. (This measures the time taken for a
light pulse to travel to the target and back. With the speed of light known, and
an accurate measurement of the time taken, the distance can be calculated.) In
contrast to different military instruments, laser rangefinders offer high-precision
scanning abilities, with either single-face or 360-degree scanning modes.

A number of algorithms have been developed to merge the range data
retrieved from multiple angles of a single object to produce complete 3-D
models with as little error as possible. One of the advantages that laser
rangefinders offer over other methods of computer vision is that the computer
does not need to correlate features from two images to determine depth
information as in stereoscopic methods.

Special laser rangefinders are used in forestry. These devices have anti-
leaf filter and are working with reflector. Laser beam only reflects from this
reflector, and so exact distance measurement is guaranteed. For example, laser
rangefinders with anti-leaf filter are used for forest inventories.

Laser rangefinders may be effectively used in various sports that require
precision distance measurement, such as golf, hunting, and archery. An
important application is the use of laser rangefinder technology during the
automation of stock management systems and production processes in steel
industry.

Laser rangefinders are also used in several industries like construction,
renovation and real estate as an alternative to a tape measure. Whereas with a
tape measure one would need two people to measure a large object like a room
with a straight run with no obstructions to stretch the tape, with a laser
measuring tool the job can be completed by one operator with just a line of
sight. Laser measuring tools typically include the ability to produce some
simple calculations such as the area or volume of a room.

Comprehension

Exercise 1. True or false?

1) The precision of the instrument is determined by the rise or fall time of the
laser pulse only.

2) Special laser rangefinders are used in various sports, as football, curling, and
weight lifting.

3) Laser rangefinders are used extensively in 3-D object recognition.

4) You only need one operator to measure a large object with a laser
rangefinder.
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5) The most common form of laser rangefinders operates on the flight-in-time
principle.

6) Triangulation is often used for high precision sub-millimeter measurements.
7) Some laser measuring tools include the ability to produce simple
calculations.

8) The computer does not need to correlate features from two images to
determine depth information.

9) Sometimes temperature gradients in the air in proximity to the heated desert
cause a mirage.

10) A laser rangefinder determines the distance to different objects.

Exercise 2. Complete the sentences using the correct words from the text:

1) In contrast to different ... instruments, laser rangefinders offer ...
abilities.

2) An important ... is the use of laser ... technology during the automation of
stock ... systems.

3) Over distances ... than 365 m, the ... may simply vanish into a ....

4) Due to the high speed of ..., this technique is not ... for high precision ...
measurements.

5) The ... can be calculated with the ... of light known, and an accurate ... of
the time taken.

6) With a ... measure one would need ... people to measure a large ... like a
room.

7) Laser rangefinders are used ... in ... object recognition and ... object ....

8) The most ... form of a laser rangefinder operates on the ... of ... principle.

Vocabulary

Exercise 3. Give the English or Russian equivalents for the following word
combinations:

Pacno3naBanne 00bekTOB; laser measuring tools; BpeMs cnaga ummyibca; with
as little error as possible; BciaeacTBue BbICOKOM ckopocTu cBeTa; to reflect off
leaves or branches; mnpou3BOJICTBEHHBIE  MPOLECCHI B CTaJbHOU
MIPOMBIIIEHHOCTH; to require precision distance measurement; Ha PacCTOSHUM
oosiee 365 meTpoB; very sharp laser pulses.

Exercise 4. Match the words with their meanings:

1) tool a) accuracy; freedom from error

2) measurements b) implement or apparatus used in performing an action,
especially for scientific work

3) precision c¢) trade or manufacture

4) instrument d) mechanism for emitting electromagnetic radiation via the
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process of stimulated emission

5) industry e) figures of measurement as shown on a dial, scale, etc

6) mode f) device that can be used to produce or achieve something,
but that 1s not consumed in the process

7) laser g) figures about length, breadth, depth, etc

8) readings h) way in which something is done

Exercise 5. Translate from Russian into English:

1) Kak u3BEeCTHO, Ja3epHBIA NAIBHOMEP — 3TO YCTPOMCTBO, COCTOAIIEE U3
UMIYJbCHOTO Jilazepa W JieTekTtopa u3iaydeHus. 2) CnocoOHOCTh
AIEKTPOMArHUTHOTO U3JIYYEHUs PACHpPOCTPAHATHCS C MOCTOSHHOW CKOPOCTBIO
OaET BO3MOXKHOCTh ONPEACNIUTh paccTrosiHue 10 oObekta. 3) Ceromus
TEXHOJIOTMH JIa3€pHOT0 JaJbHOMEpPA MIMUPOKO MPUMEHSIOTCS IIPU IPOU3BOACTBE
BBICOKOKAUECTBEHHBIX CTaJbHBIX U MeIHbIX u3aenuil. 4) Ecnu Obl na3epHbIid
Jy4 HE MPUMEHSUICS B 3TOM HpHOOpE, €ro Nmoka3aHusi He ObUIM Obl TAKUMU
TOYHBIMU. 5) He Kaxaplii MOKET B OJIMHOYKY HU3MEPUTh OO0BEM U ILIOMIAb
OOJIBIIOTO MOMEIIECHHS C TOMOIIBIO pyJieTKU. 6) TpuronoMerpuyeckas chbEMKa
MIPUMEHSIETCSI MHOTUMH MCCJIEI0BATEIbCKUMU OPTaHU3ALUAMU U1 U3MEPEHUs
OUY€Hb MAJIBIX €IUHUL ITUHBL. 7) 3Mepsis Bpemsi, KOTOpoe 3aTpavynBaeT JIyd Ha
MyTh JI0 OTpa)karelid U OOpaTHO, U 3Hasl 3HAYEHHE CKOPOCTH CBETAa, MOXKHO
paccuMTaTh PACCTOSIHUE MEXIY Ja3epoM U OTPaXKalolUM OOBEKTOM. §)
TexHomorun pacno3HaBaHUSI M MOJICTUPOBAHUSL TPEXMEPHBIX OOBEKTOB
MIOCTOSTHHO Pa3BUBAIOTCS M HUKOTJA HE CTOSAT Ha mecre. 9) Ecim nasepHbie
U3MEPUTENIbHBIE MPUOOPHI HE HMMEIT MPOrpaMM JUJIsl BEIEHHUS MPOCTHIX
MaTeMaTH4YeCKUX pacu€ToB, CIIPOC Ha Takue nmpuoopsl nagaer. 10) B mycroiHe
MHUpPaXH TOSBISIIOTCS BCIEJICTBUE OTKJIOHEHUWM TEMIIEpaTypbl BO3JyXa Ha
PACCTOSIHUM TPEX METPOB OT 3EMJIN.

Exercise 6. Make up the summary of the text and write its annotation.
Discussion

Exercise 7. Work in pairs or in small groups. Share in the discussion. Use the
following questions as prompts:

1) What is a laser rangefinder?

2) Could you describe the most common principle of its work?

3) What conditions are necessary to range any object within a few millimeters?
4) Could you name the effects to be taken into account concerning the work of
a laser rangefinder?

5) Could you give the characteristic to the time-of-flight technology?

6) What is the advantage of a laser rangefinder as compared to any stereoscopic
methods?
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7) How can a laser rangefinder be used in forestry? And in sports?
8) Why can we consider a tape measure an out-of-date and inconvenient tool
nowadays?

LESSON 2
ALL THE TRUTH ABOUT MICROSCOPES

Lexical units:

scanning probe microscope — CKaHUPYIOIINI 30HA0BBI MUKPOCKOM
to magnify — yBeIMuuBaTh C TOMOIIBI0 MUKPOCKOIIA
magnification — yBenuueHue

transmitted light — mpoxonsmuii cer

condenser lens — KOHAEHCOpPHAs JIMH3a

eyepiece — OKyJsip

objective turret — Typenb 00ObEKTHBA

stage — IpeAMETHBINA CTOJIUK

focus wheel — BuHT MuKpockona

comparison microscope — CpaBHUTENbHbIA MUKPOCKOT
inverted microscope — THBEpTUPOBAHHBIM MUKPOCKOIT

to be a household name — ObITh Ha cyXy

in essence — 1o CyTH

transillumination — TpaHCHIUTFOMUHALINSL, IPOCBEYNBAHKE
incident light — magaromumii cBer

charge-coupled device camera —

Kamepa ¢ 3apsiJ0BOM CBSI3bIO ()51 CKAaHUPOBAHUS )

to omit — HE BKJIFOYATh, MPOMYCKATh

specimen — oOpa3zely

particle beam — my4ok yacTuil

resolving power — pa3pelaroniasi CiocOOHOCTb

failure analysis — ananM3 0TKa30B/MOBPEKICHUN

raster scan — pacTpoOBO€ CKAaHUPOBAHUE

piezoelectric actuator — Mbe303JIEKTPUUECKUI PETYIATOP

TEXT

A microscope is an instrument to see objects too small for the naked eye.
Thereafter, the science of investigating small objects using such an instrument
is called microscopy.

Of course, you may guess that there are many types of microscopes. The
most common and first to be invented (in 1590) is the optical microscope which
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uses light to image the sample. Other major types of microscopes are the
electron microscope and the scanning probe microscope.

The optical microscope, often referred to as the "light microscope," uses
visible light and a system of lenses to magnify images of small samples. Basic
optical microscopes can be very simple, although there are many complex
designs which aim to improve resolution and sample contrast. Historically
optical microscopes were easy to develop and are popular because they use
visible light, so the sample can be directly observed by eye.

All modern optical microscopes designed for viewing samples by
transmitted light share the same basic components of the light path, listed here
in the order the light travels through them: 1) light source, usually a mirror; 2)
diaphragm and condenser lens; 3) objective; 4) ocular lens (eyepiece). In
addition the vast majority of microscopes have the same structural components:
objective turret to hold multiple objective lenses, stage to hold the sample, and
focus wheel to move the stage.

There are many variants of the basic compound optical microscope design
for specialized purposes. Some of these are stereo microscope, comparison
microscope, inverted microscope, etc. But we’d better pay attention to the USB
microscope and to the digital microscope as they are now household names just
everywhere.

A USB microscope is a low-powered digital microscope which is
connected to a computer, normally via a USB port. They are widely
commercially available. In essence, USB microscopes are a webcam with a
high-powered macro lens and generally do not use transillumination but rely on
incident light instead. As the camera attaches directly to the USB port of a
computer, eyepieces are not required and the images are shown directly on the
monitor. They offer modest magnifications (up to about 200x) without the need
to use eyepieces at very low cost, although lack of illumination optics limits
their use. USB microscopes are most useful when examining flat objects such
as coins or banknotes. They can be used even in the field, attached to a laptop
computer.

A digital microscope is a variation of a traditional optical microscope that
uses optics and a charge-coupled device (CCD) camera to output a digital
image to a monitor, sometimes by means of software running on a computer. A
digital microscope differs from an optical microscope in that there is no
provision to observe the sample directly through an eyepiece. Since the optical
image is projected directly on the CCD camera, the entire system is designed
for the monitor image. The optics for the human eye are omitted.

An electron microscope is a type of microscope that produces an
electronically-magnified image of a specimen for detailed observation. The
electron microscope uses a particle beam of electrons to illuminate the
specimen and create a magnified image of it. The microscope has a greater
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resolving power than an optical microscope, because it uses electrons that have
wavelengths about 100,000 times shorter than visible light (photons), and can
achieve magnifications of up to 2,000,000x, whereas light microscopes are
limited to 2,000x magnification. Industrially, the electron microscope 1is
primarily used for quality control and failure analysis in semiconductor device
fabrication.

With the use of scanning probe microscopes, an image of the surface is
obtained by mechanically moving the probe in a raster scan of the specimen.
The resolution varies somewhat from technique to technique, but some probe
techniques reach a rather impressive atomic resolution. They owe this largely to
the ability of piezoelectric actuators to execute motions with accuracy at the
atomic level.

Comprehension

Exercise 1. True or false?

1) The optical microscope is often referred to as the “light microscope.”

2) A microscope is an instrument to see objects in the outer space.

3) The optical microscope was invented in 1950.

4) A USB microscope is a high-powered digital microscope.

5) The electron microscope uses electrons to illuminate the specimen.

6) The optics for the human eye are omitted in digital microscopes.

7) Optical microscopes may be connected to a laptop via USB ports even in the
field.

8) At first the light travels through an ocular lens and then through a mirror.

9) Piezoelectric actuators are able to execute motions with accuracy at the
atomic level.

10) An electron microscope offers rather modest magnifications.

Exercise 2. Complete the sentences using the correct words from the text:

1) A ... microscope differs from an ... microscope in that there is no provision
to observe the sample directly through an ....

2) The optical microscope uses ... light and a system of ... to magnify images
of small ....

3) USB ... are most useful when ... flat objects such as ... or banknotes.

4) The ... microscope has a greater ... power than an ... microscope.

5) It uses ... that have ... about 100,000 times shorter than visible ....

6) Optical microscopes can have many ... designs which ... to improve ... and
sample contrast.

7) ... of illumination optics ... the use of ... microscopes.

8) As the ... attaches directly to the ... ... of a computer, ... are not required.
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Vocabulary

Exercise 3. Give the English or Russian equivalents for the following word
combinations:

Ananu3 noBpexaeHuid; to observe the sample directly through an eyepiece;
MIOCTOSIHHO OBITh Ha CIyXy; objective turret to hold multiple objective lenses;
HCIOJIb30BaTh CBET JUISl CO3JaHus HU300pakeHus oOpasia; semiconductor
device fabrication; ManoMonHbld IUPPOBOK MUKpOCKoM; basic components of
the light path; BeO6-kamepa ¢ makposvH3amMu 00JbIION MOITHOCTH; to be useful
when examining flat objects.

Exercise 4. Match the words with their meanings:

1) USB a) electronic light sensor used in digital cameras

2) raster scan b) ability to do or act

3) charge-coupled c) a point toward which light rays are made to converge

device

4) focus d) rectangular pattern of image capture and
reconstruction in television

5) power e) piece of glass or substance like glass with one or both
sides curved

6) design f) one of a number taken to show what the rest is like

7) lens g) specification to establish communication between
devices and a PC

8) specimen h) drawing or outline from which something may be
made

Exercise 5. Translate from Russian into English:

1) I'ma3 kaxgoro yenoBeka MPEACTABISIET COOOM €CTECTBEHHYIO ONTHYECKYIO
CUCTEMY, KOTOpasi XapaKTepu3yeTcs OMNpeNeiEHHBIM pa3perieHueM. 2)
CkaHupyronmi  30HJIOBBIM ~ MHUKPOCKON  TO3BOJSIET  PErHMCTPUPOBATH
B3aMMO/ICHCTBUE 30Ha C OTACIBbHBIMU aToMaMH U Mojekyiaamu. 3) Co3mganue
M300paKEHUI BBHICOKOI'O Pa3pelIeHUs! ObLJI0 Obl HEBO3MOXKHO, €CJIM Obl YUEHBIC
HE CO3JIajii DJICKTPOHHBIM MUKpOCKom. 4) [l mosydeHus u300paxeHus B
AJIIEKTPOHHOM MHKPOCKOIIE HCHOJB3YIOTCS CIEIUaTbHbIE MArHUTHBIE JIMH3HI,
KOTOpBIEC YIPABIAIOT JBUKEHUEM 3JICKTPOHOB MPHU MOMOIIA MAarHUTHOTO TOJISL.
5) Onrtuyeckas cucTeMa MHKPOCKONA COCTOMT U3 OOBEKTHUBA U OKYISIPa,
KOTOpbIE 3aKpeIuieHbl B  TOJABIDKHOM TyOyce, pacrlojO)KEHHOM  Ha
METAJNIMYECKOM OCHOBaHMH. 6) BOJBIIMHCTBO CTEPEOMUKPOCKOIIOB JaeT
MEHBIIIEE YBEIMYCHUE, YeM COBPEMEHHBIE ONTHYECKHE MHUKPOCKOIIBI, OHAKO
UMeeT OoJiblliee (POKYCHOE pacCTOSTHUE, 4YTO TMO3BOJSET paccMaTpUBaTh
KpyIHble 00beKTHI. 7) Pa3pemaromieii cnocOOHOCTBI0O MUKPOCKOINA HAa3bIBAETCS
€ro CIOCOOHOCTh BBIJABATh YETKOE pPa3JeibHOE M300paK€HHUE JBYX OJM3KO
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PaCIIOJIOAKEHHBIX TOUEK 00bekTa. 8) Ecim Obl Mbl HE 3a0bUTH HAIl HOYTOYK, MbI
Obl CMOTJIM MOYYaCTBOBATh B MPAKTHUECKOM 3aHsATUU ¢ USB-MUKpOCKOIIOM B
naboparopun  yHuBepcutera. 9) Ilom MHMKpOCKONHMEHl Mbl ITOHUMAeM
COBOKYITHOCTb TEXHOJOIMM W3TOTOBJIECHUS M IMPAKTUYECKOrO IPUMEHEHUS
MukpockonoB. 10) PactpoBoe u300pakeHHEe — 3TO NPSAMOYroJibHasi CETKa
MUAKCEJIEeN WM TOYEK I[BETOB Ha KOMIIBIOTEPHOM MOHHTOpE, OyMare W Jpyrux
YCTPOWCTBAX U MaTepruaax.

Exercise 6. Make up the summary of the text and write its annotation.
Discussion

Exercise 7. Work in pairs or in small groups. Share in the discussion. Use the
following questions as prompts:

1) Could you give any definitions to the terms microscope and microscopy?

2) Could you name three major types of microscopes?

3) What is the secret of popularity of the optical microscope?

4) What are the general components of all optical microscopes?

5) Would you be so kind as to state the most popular variants of optical
microscope design?

6) How can you describe the essence of a USB microscope?

7) Where can we find a CCD camera? And what are its functions here?

8) Why does the electron microscope have a greater resolving power than an
optical microscope?

9) Could you describe a scanning probe microscope?

LESSON 3
DIGITAL SIGNAL PROCESSING

Lexical units:

digital signal processing (DSP) — uudpoBasi 00paboTKa CUTHAJIOB

real-world analog signal — mpakTudeckuii aHaIOTOBBIN CUTHAII
analog-to-digital converter — ananoro-1u@poBoii mpeodbpazoBarTesb

output signal — BEIXOJTHOM CUTHAJI

computational power — BBIUUCIUTEIbHBIE BO3MOKHOCTH

purpose-built — cienuanu3upoBaHHBIN

application-specific integrated circuit (ASIC) —

WHTeTpabHAs CXeMa, CTIeIMaTN3UPOBaHHAS sl peIIeHNUS KOHKPETHOM 3a1a4u
field-programmable gate array (FPGA) —

porpaMMHupyemMast IoJIb30BaTelieM BEHTHIbHAS MaTpHIla
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stream processor — Mpoueccop sl HOTOKOBOM 00pabOTKH JaHHBIX

spatial domain — mpocTpaHcTBeHHast 001aCTh

multidimensional — MHOromMepHbI

autocorrelation — aBTOKOppEIALMOHHAS PYHKINS

wavelet — BEHBJIIET, BCILIECK

(MaTemaTtuyeckas (PyHKIMS aHAJIN3a YaCTOTHBIX KOMIIOHEHTOB JJAHHBIX )
discrete Fourier transform — quckpernoe npeoodpa3zoBanne Oypne

recognition — pacrio3HaBaHUE

CroSSOVer — pa3JeUTelNb CIIEKTpa CUTHAJIA

equalization — cTaOunu3anus Wik KOMIIEHCAIUs KaHajla CBSI3U

magnetic resonance imaging (MRI) — oToOpakeHre MarHUTHOT'O pe30HaHca
fixed-point arithmetic — apupmeTnyeckas onepanus ¢ PUKCUPOBAHHOM 3aISITON
(opmaT mpencTaBieHus BEMECTBEHHOTO YKciia B mamsat OBM B Buje niesnoro
YHcia)

floating point arithmetic — apudmeTndeckas onepaius ¢ JIaBarolleH 3amsTou
(opma mpencTaBieHus ACHUCTBUTENBHBIX YHCEI, B KOTOPOM YMCIIO XPaHUTCS B
dbopMe MaHTHUCCHI U TTOKA3aTelIsl CTEIICHH )

TEXT

Digital signal processing (DSP) is concerned with the representation of
signals by a sequence of numbers or symbols and the processing of these
signals. It 1s clear that DSP and analog signal processing are subfields of such a
great modern scientific doctrine as signal processing.

The goal of DSP is usually to measure, filter and then, if necessary,
compress continuous real-world analog signals. The first step is usually to
convert the signal from an analog to a digital form, by sampling it using an
analog-to-digital converter, which turns the analog signal into a stream of
numbers. However, often, the required output signal is another analog output
signal, which requires a digital-to-analog converter. Even if this process is more
complex than analog processing and has a discrete value range, the application
of computational power to digital signal processing allows for many advantages
over analog processing in many applications, such as error detection and
correction in transmission as well as data compression.

DSP algorithms have long been run on standard computers, on
specialized processors called digital signal processors, or on purpose-built
hardware such as application-specific integrated circuit (ASIC). Today there are
additional technologies used for digital signal processing including more
powerful general purpose microprocessors, field-programmable gate arrays,
digital signal controllers, and stream processors.

In DSP, engineers usually study digital signals in one of the following
domains: time domain (one-dimensional signals), spatial domain
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(multidimensional signals), frequency domain, autocorrelation domain, and
wavelet domains. They choose the domain in which to process a signal by
trying different possibilities as to which domain best represents the essential
characteristics of the signal. A sequence of samples from a measuring device
produces a time or spatial domain representation, whereas a discrete Fourier
transform produces the frequency domain information, that is the frequency
spectrum. Autocorrelation is defined as the cross-correlation of the signal with
itself over varying intervals of time or space.

The main applications of DSP are audio signal processing, audio
compression, digital image processing, video compression, speech processing,
speech recognition, digital communications, RADAR, SONAR, seismology,
and biomedicine. Specific examples are speech compression and transmission
in digital mobile phones, room correction of sound in hi-fi and sound
reinforcement applications, weather forecasting, economic forecasting, seismic
data processing, analysis and control of industrial processes, medical imaging
such as CAT scans and MRI (magnetic resonance imaging), MP3 compression,
computer graphics, image manipulation, hi-fi loudspeaker crossovers and
equalization, and audio effects for use with electric guitar amplifiers.

Digital signal processing is often implemented using specialised
microprocessors to process data using fixed-point arithmetic, although some
versions are available which use floating point arithmetic and are more
powerful. For faster applications FPGAs might be used. Beginning in 2007,
multicore implementations of DSPs have started to emerge from a range of
global companies. For faster applications with vast usage, ASICs might be
designed specifically. Vice versa, a traditional slower processor such as a
microcontroller may be adequate. Also a growing number of DSP applications
are now being implemented on Embedded Systems using powerful PCs with a
Multi-core processor.

Comprehension

Exercise 1. True or false?

1) A sequence of samples from a measuring device produces a time or spatial
domain representation.

2) The main applications of DSP are audio signal processing and audio
compression only.

3) It is obvious that DSP and analog signal processing are subfields of signal
processing.

4) At first, engineers must convert the signal from an analog to a digital form.
5) DSP has never been used in analysis and control of industrial processes.

6) A microcontroller may be adequate enough for faster DSP applications.
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7) Multidimensional signals are usually referred to the spatial domain.

8) DSP algorithms are not run on standard computers any more.

9) ASIC is the abbreviation for a field-programmable gate array.

10) If the required output signal is another analog output signal you have to use
a digital-to-analog converter.

Exercise 2. Complete the sentences using the correct words from the text:

1) Today there are additional ... used for digital signal ... including more ...
general purpose microprocessors.

2) The ... of DSP is usually to measure, filter and then ... continuous ...-...
analog signals.

3) DSP is concerned with the ... of signals by a ... of numbers or symbols and
the ... of these signals.

4) A growing number of DSP ... are now being implemented on ... Systems

using ... PCs.
5) ... 1s defined as the ...-... of the signal with itself over varying ... of time or
space.

6) Specific examples of DSP are speech ... and ... in ... mobile phones.
7) Some versions are ... which use ... point ... and are more powerful.
8) Multicore ... of DSPs have started to ... from a range of ... companies.

Vocabulary

Exercise 3. Give the Russian or English equivalents for the following word
combinations:

Hi-fi  loudspeaker  crossovers and  equalization;  ucmonab30BaHuE
CIIeLIMAJIM3UPOBAHHBIX MPOIECCOPOB Il 00pabOTKM JaHHBIX; application of
computational power to digital signal processing; 1H}pPO-aHATOTOBBII
npeobpazoBarenb; time and spatial domain representation; pacrno3HaBaHUE
MHOTOsi/IepHOrO Tpolieccopa; faster applications with vast usage; BpemMeHHAs
o0nacTb ¢ ogHoMepHbIMU curHanami; field-programmable gate arrays, digital
signal controllers and stream processors; HacTpolka 3ByKa B 3aKpBITOM
MTOMEIIICHUHU.

Exercise 4. Match the words with their meanings:

1) signal a) working with numbers

2) recognition  b) an electronic circuit that can execute computer programs

3) processor c) systematic arrangement of objects, usually in rows and
columns

4) multicore d) connected line of events

5) sequence e) a type of microprocessor design in which multiple
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6) array f) identification of smth. already known or acknowledgement
of smth. as valid

7) arithmetic g) process of adjusting the strength of certain frequencies
within a signal

8) equalization h) a discrete part of a communication

Exercise 5. Translate from Russian into English:

1) Iludposas oOpaboTKa CUTHAIOB — 3TO MPOIECC NMPeoOpa30BaHUsl CUTHAJIOB,
npeAcTaBiIeHHbIX B 1UpoBoil popme. 2) IlpumepoM HHTErpaibHOM CXEMBI,
CHELUUATM3UPOBAHHON JUIsl PELICHUS KOHKPETHOM 3a7auyM, MOXET SBISATHCS
MHUKpOCX€Ma, pa3paboTaHHas TOJBKO JUIsl  yOpaBi€HUS  MOOWIIbHBIM
tenedonom. 3) Eciu Ob1 anroputmMbl UGPOBOH 00paOOTKU CUTHAJIOB HE ObLIM
MIPOBEPEHBl HA CIEHHAIBHBIX IPOILlECCOpax, OHU Obl HE MPUMEHSUINCH B
OOBIYHBIX TIEPCOHATBLHBIX KOMIbIOTEpax. 4) [IporpaMmmupyemas mosib3oBaresieM
BeHTWIbHAg Marpuiia (IIIIBM) siBiisercss moqynmpoBOAHUKOBBIM YCTPONCTBOM,
KOTOPOE€  MOXET OBbITh  CKOH(QUTYPUPOBAHO  NPOU3BOAMTEIIEM  WIIU
pazpaboTurukomM mocie u3roroieHus. 5) Ocobennoctoio [IIIBM sBisieTcs To,
YTO KOH(UTypanusi COCIMHEHHN MexAy €€ OJOKaMH MOXKET MEHSThCA C
MOMOIIIbIO CHEIMAIbHBIX CHTHAJIOB, IOChUIaeMbIX cxeme. 6) IlpuHuumnom
MarHUTHO-pE30HAaHCHOW ToMmorpaduu (magnetic resonance tomography)
ABJISIETCS. OTOOpPaKEHWE MArHUTHOIO PE30HAHCA, TO €CThb METOJ H3MEpPEHUs
AJIEKTPOMArHUTHOW pEaKIUu s/Iep aTOMOB BOJOPOJa Ha HX BO30YXKIEHUE
AJIEKTPOMAarHUTHbIMA BOJHAaMU. 7) PaHbiiie 00paboTKa ayno-CUTHANIOB OblIa
oOs3aTenbHa IS paAUOBEIIAHUS, TTIOCKOJIBKY B CTYIUSAX BOSHUKAIU MPOOJIEMBI,
CBSI3aHHBIE C YCTAHOBJIEHMEM COEQUHEHUsA Ipu Inepenade. 8) Bpemennas
00JIaCTh ONHUCHIBACT aHAIM3 MaTEeMaTUYECKHX (QYHKIUN WM (U3NYECKUX
CUTHAQJIOB MO OTHONIEHUI0 KO BpeMeHu. 9) Apudmermyeckas omnepanus c
(MKCUPOBAHHOM 3amsITOW IMIMPOKO MpPUMEHsieTCs B UU(poBoM 00padoOTKe
curHajioB. 10) DJEKTpOHHOE YCTPOMCTBO, MpeoOpaszyroliee HaNpsKEHUE B
JBOMYHBIHI 1udpoBoi KOJI, Ha3bIBACTCS aHaJI0ro-uu(PppOBBIM
npeoOpa3oBaTeseM.

Exercise 6. Make up the summary of the text and write its annotation.
Discussion

Exercise 7. Work in pairs or in small groups. Share in the discussion. Use the
following questions as prompts:

1) Could you interpret the term “DSP” and give its definition?

2) What is the general purpose of DSP?

3) Would you describe the initial stage of digital signal processing?

4) What 1s an ASIC?
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5) What additional technologies are used for digital signal processing
nowadays?

6) What domains of studying digital signals in DSP do you know?

7) How can you correlate a discrete Fourier transform with DSP?

8) Could you name the most important — from your point of view — applications
of DSP?

9) What items may be used for faster DSP applications? And for slower ones?

LESSON 4
WHAT IS A SENSOR?

Lexical units:

touch-sensitive — CEeHCOpHBIii

to dim — racHyTh

output — BBIXOJHOW CUTHAJ

microscopic scale — MUKpOCKOITMYECKHIT YPOBEHB

MEMS technology — TeXHOIOTHSI MUKPOAJIEKTPOMEXAHUUECKUX CUCTEM
to merge into — mepexouTh, IPEBPAIIATHCS BO UTO-IHOO

to implement — BBIOJIHATH, OCYIIECTBISATh

target device — KOHEUHBIN pUOOP

to obey the rule — cooTBeTcTBOBaTH MpPABUITY

linear — nMuHENHBIN (IPUMEHUTENBHO K (PYHKIIUHN )

deviation — OTKJIOHEHHE, JCBUAIHS

sensitivity error — ommOKa 4YyBCTBUTEIbHOCTH

dynamic error — TMHaMHUYecKas OImoKa

bode plot — npeacraBneHne aMIIMTyAHO-()a30BOI YACTOTHI B Jlorapudpme
phase shift — ciur no ¢aze

to some extent — 10 HEKOTOPOU CTENEHU

random error — ciay4aiiHasi (HecucTeMaTH4ecKkas) ommnoKa
resolution — pazpemaronias CiocOOHOCTh

to fluctuate — konedaTbcs

scanning tunneling probe — ckaHUPYIOMINI TYHHEIbHBIN MUKPOCKOIT
fine — ToHkuU

tip — HAKOHEYHUK

TEXT

Sensors are used in everyday objects such as touch-sensitive elevator
buttons and lamps which dim or brighten by touching the base. There are also
innumerable applications for sensors of which most people are never aware.
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Applications include cars, machines, aerospace, medicine, manufacturing and
robotics.

A sensor 1s a device which receives and responds to a signal. A sensor’s
sensitivity indicates how much the sensor’s output changes when the measured
quantity changes, i.e. a sensor 1s a device that measures a physical quantity and
converts it into a signal which can be read by an observer or by an instrument.
For instance, if the mercury in a thermometer moves 1 cm when the
temperature changes by 1 °C, the sensitivity i1s 1 cm/°C. Sensors that measure
very small changes must have very high sensitivities. Sensors also have an
impact on what they measure — a room temperature thermometer inserted into a
hot cup of liquid cools the liquid while the liquid heats the thermometer.
Sensors need to be designed to have a small effect on what 1s measured, making
the sensor smaller often improves this and may introduce other advantages.

Technological progress allows more and more sensors to be manufactured
on a microscopic scale as microsensors using MEMS technology. MEMS
(micro-electro-mechanical systems) is the technology of very small mechanical
devices driven by electricity. It merges at the nano-scale into nanotechnology.
MEMS technology can be implemented using a number of different materials
and manufacturing techniques, depending on target device and market sector.
The most common materials here are silicon, polymers, and metals.

A good sensor usually obeys the following rules: 1) it is sensitive to the
measured property; 2) it is insensitive to any other property likely to be
encountered in its application; 3) it does not influence the measured property.
Ideal sensors are designed to be linear to some simple mathematical function of
the measurement, typically logarithmic. The output signal of such a sensor is
linearly proportional to the value or simple function of the measured property.
The sensitivity is then defined as the ratio between output signal and measured
property.

If the sensor is not ideal, several types of deviations can be observed. For
example, the sensitivity may in practice differ from the value specified. This is
called a sensitivity error, but the sensor is still linear. If the sensitivity is not
constant over the range of the sensor, this is called nonlinearity. Usually this is
defined by the amount the output differs from ideal behavior over the full range
of the sensor. If the deviation is caused by a rapid change of the measured
property over time, there is a dynamic error. Often, this behaviour is described
with a bode plot showing sensitivity error and phase shift as function of the
frequency of a periodic input signal. If the signal is monitored digitally,
limitation of the sampling frequency also can cause a dynamic error. Noise 1s a
random deviation of the signal that varies in time. And, surely, sensors may to
some extent be sensitive to properties other than the property being measured.
For instance, most sensors are influenced by the temperature of their
environment.
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These deviations can be classified as systematic errors or random errors.
Systematic errors can sometimes be compensated for by means of some kind of
calibration strategy. Noise is a random error that can be reduced by signal
processing, such as filtering, usually at the expense of the dynamic behaviour of
the sensor.

The last item to be considered about the sensor is its resolution. The
resolution of a sensor is the smallest change it can detect in the quantity that it
i1s measuring. Often in a digital display, the least significant digit will fluctuate
indicating that changes of that magnitude are only just resolved. The resolution
is related to the precision with which the measurement is made. Thus, a
scanning tunneling probe (a fine tip near a surface collects an electron tunneling
current) can resolve atoms and molecules.

Comprehension

Exercise 1. True or false?

1) Most sensors are influenced by the temperature of their environment.

2) When the sensitivity is not constant over the range of the sensor, we call it
linearity.

3) Sensors are always sensitive to properties other than the property being
measured.

4) An ideal sensor does not influence the measured property.

5) Sensors that measure very small changes must have very high sensitivities.

6) Sensor applications include cookery, forestry, soccer, and veterinary
medicine.

7) A scanning tunneling probe collects an electron tunneling current.

8) If the sensor 1s ideal, several types of deviations can be observed.

9) MEMS technology is used to manufacture sensors on a microscopic scale.
10) The most common materials for MEMS technology are rubber, putty, and
timber.

Exercise 2. Complete the sentences using the correct words from the text:

1) The ... of a sensor is the ... change it can detect in the ... that it is
measuring.
2) MEMS ... merges at the ...-... into ....

3) Sensors are used in everyday ... such as touch-... elevator ....

4) ...1s arandom ... of the signal that ... in time.

5) The sensitivity is ... as the ... between ... signal and measured property.
6) A ... temperature thermometer ... into a hot cup of ... cools the liquid.
7) If the ... is not ... over the range of the sensor, this is called ....
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8) Systematic ... can ... be compensated for by means of some kind of ...
strategy.
Vocabulary

Exercise 3. Give the Russian or English equivalents for the following word
combinations:

Ideal behavior over the full range of the sensor; oTkioHeHue, BbI3BaBIIICE
HECHCTEMAaTHYECKYyI0 olMOKY; innumerable applications for sensors in robotics
and manufacturing; pa3paOoTka KOHEYHBIX HPUOOPOB B COOTBETCTBUU C
manoM; using a number of different materials and manufacturing techniques;
CEHCOpHAasl TaHEeNIb YyOpaBJieHWS s HOBOTO KoHBeiepa; limitation of the
sampling frequency; konebaHusl 3HAUCHHUI pa3pelIaronieil cnocoOHoCcTH; to be
linearly proportional to the value; 4yBCTBUTENBHOCTP TOHKOIO HAaKOHEUHHKA
CKaHHUPYIOIIETO MUKPOCKOIIA.

Exercise 4. Match the words with their meanings:
1) manufacturing a) variation from the common way or from a rule

2) deviation b) the use of machines, tools and labour to produce goods

3) property c) way of accomplishing a task that is not immediately
obvious

4) surface d) the study of or a collection of techniques

5) device e) attribute which is characteristic of a class of objects

6) impact f) the up-side of a flat object

7) technology g) any piece of equipment made for a particular purpose

8) technique h) significant or strong influence; effect

Exercise 5. Translate from Russian into English:

1) JdatunkoMm sBisieTca JO00M 3JIEMEHT HW3MEPUTENIBHOr0, CUTHAJIBHOTO,
PETYIUPYIOMIET0 WX  YNPABISIONIETO YCTPOMCTBA CHUCTEMBI, KOTOPBII
npeo0pa3yeT KOHTPOJIHUPYEMYIO BEIMYMHY B YAOOHBIA JUIsI HMCIOJIb30BaHUS
cur"ai. 2) Ceilyac pa3nuyHble JAaTYUKU LIUPOKO UCIONB3YIOT MPU MOCTPOECHUU
CUCTEM aBTOMATH3WPOBAHHOTO ympasieHus. 3) JlaTuuku mnpeoOpasyroT
TEMIIEPATYPy, YacCTOTy, CKOPOCTb WJIM HAIPSHKEHUE B DJICKTPUYECKUU WM
ONTUYECKUM  CUTHAJ, KOTOPBIM MOXHO M3MEPUTH, MEpeAarb  WIH
npeodpazoBarh. 4) Ecinu Obl yd€Hble CpETHEBEKOBbS HE M300pEId OCHOBHBIC
MU3MEPUTENIbHBIE TPUOOPHI, CIEAYIOIINE MTOKOJIEHUSI YUEHBIX HE COBEPIIMIIN ObI
CBOM OTKphITHS. 5) B ceHcopax HCMNONb3yeTCs YYBCTBHUTEIBHBIA 3JIEMEHT,
KOTOpPBIA MpeoOpa3yeT mapamerpbl Cpelbl B NMPUTOAHBIA [JISI TEXHUYECKOTO
UCIOJNb30BaHMUs  curHaia. 6) HHorma  JaT4YMKkoM — Ha3bIBaeTcsl  4acTh
M3MEPUTEIIBHOW WJIM  YIPABISIOIIEH CHUCTEMbI, NpPEACTaBisonas coOou
COBOKYITHOCTh M3MEPUTEIBHBIX MpeoOpaszoBareneil. 7) B mocnenHee Bpems
4acTO MPHUMEHSIOTCS JaTYMKA CO  CIOXXKHOM  0OpabOTKOM  CUTHAJIOB,
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BO3MOXXHOCTSIMM HACTPOMKM M PETYJIMPOBAHUS MapaMeTpPOB U CTAHJAAPTHBIM
uHTEepdericoM cuctembl ynpapieHus. §) [loHarue pgaTdyvka 1Mo MpakTUYECKOM
HAaMpaBJICHHOCTH M JIETAJISIM TEXHUYECKON peai3alui OJIU3KO K TOHSITHIO
«U3MEPUTEITBHBIN MPUOOP», HO MOKa3aHUs MPUOOPOB YUTAKOTCS YEJIOBEKOM, a
JATYUKU OOBIYHO MCIOJIB3YIOTCSI B aBTOMAaTHYECKOM pexume. 9) OxpaHHbIC
CITY>KObl MHOTHMX CTpaH MpeJjaraoT HH(QpaKpacHbIe CEHCOPHI IS 3alIUThI OT
BOPOB M TIpaOuTenel JOpOrMX MY3EHHBIX SKCIIOHATOB, a TaK>K€ YaCTHBIX
kojuiekiui. 10) CeHCcopoM MOKET Ha3bIBaThCSI CaM YYBCTBUTEIBHBIA 2JIEMEHT
JIF000r0 JaTYHuKa.

Exercise 6. Make up the summary of the text and write its annotation.
Discussion

Exercise 7. Work in pairs or in small groups. Share in the discussion. Use the
following questions as prompts:

1) What is a sensor? Why do people use them in different spheres?

2) What do sensors usually have an impact on?

3) How can you describe the MEMS technology?

4) Could you name the rules a good sensor should obey?

5) When do we have an ideal sensor?

6) Could you give the examples of systematic errors and random ones?
7) What kind of error is noise and why?

8) What is a sensor resolution?

9) What is it related to?

LESSON 5§
PRESSURE SENSORS

Lexical units:

transducer — npeoOpazoBaTesb, IPUEMHUK

imposed — yCTaHOBJICHHBIN

transmitter — nepe1aTyuK

sender — 1aT4MK, NepeIaTIYUK

to capture — 3aXBaTUTh, 3a)UKCUPOBATH

combustion pressure — JaBJIE€HUE CrOPaHUs

traffic enforcement — noposxnas nonunus (8 CILIA)
pressure switch — pene naBieHus

perfect vacuum — aGCOJIIOTHBIN BaKyyM

PSI (pounds per square inch) — pyHT Ha KBagpaTHBIN JI0NM
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gauge pressure — MAaHOMETPUIECKOE JIaBJICHUE

to calibrate — rpanyupoBaTh, IpOBEPSTH

tire — mumHa

differential pressure — nmepenan naBiaeHus, pa3HOCTh JaBJICHUM
input — BXOJIHOM CUTHAJI

pressure drop — nmorepst 1aBJICHUS

sealed — 3anmeyaTaHHbIi, OIJIOMOUPOBAHHBIN

drastically — 3HaunTenbHO, Kap AMHAIBHO

suitability — npurogHocTb

TEXT

At first we should note that a pressure sensor measures pressure, typically
of gases or liquids. The pressure here is taken as an expression of the force
required to stop a fluid from expanding, and is usually stated in terms of force
per unit area. So, a pressure sensor usually acts as a transducer. It generates a
signal as a function of the pressure imposed. As the practice shows, such a
signal is electrical in 80 cases of 100.

Pressure sensors are used for control and monitoring in thousands of
everyday applications. They can also be used to indirectly measure other
variables such as fluid or gas flow, speed, water level, and altitude. These
devices can alternatively be called pressure transducers, pressure transmitters,
pressure senders, pressure indicators or manometers among other names.

There is also a category of pressure sensors that are designed to measure
in a dynamic mode for capturing very high speed changes in pressure. Example
applications for this type of sensor would be in the measuring of combustion
pressure in an engine cylinder or in a gas turbine. These sensors are commonly
manufactured out of piezoelectric materials such as quartz.

Some pressure sensors, such as those found in some traffic enforcement
cameras, function in a binary (on/off) manner, 1.e., when pressure 1s applied to a
pressure sensor, the sensor acts to complete or break an electrical circuit. These
types of sensors are also known as a pressure switch.

Pressure sensors can be classified in terms of pressure ranges they
measure, temperature ranges of operation, and most importantly the type of
pressure they measure. Thus, in terms of pressure type, they can be divided into
five categories.

The first category includes absolute pressure sensors. They measure the
pressure relative to perfect vacuum pressure (0 PSI or no pressure).
Atmospheric pressure, as compared, makes 14.7 PSI at sea level with reference
to vacuum.

The category of gauge pressure sensors is used in different applications
because its devices can be calibrated to measure the pressure relative to a given
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atmospheric pressure at a given location. A tire pressure gauge is an example of
gauge pressure indication. When the tire pressure gauge reads 0 PSI, there is
really 14.7 PSI (atmospheric pressure) in the tire.

Specialists utilize a vacuum pressure sensor to measure pressure less than
the atmospheric pressure at a given location. This item has the potential to
cause some confusion as industry may refer to a vacuum sensor as one which is
referenced to either atmospheric pressure (i.e. measure negative gauge pressure)
or relative to absolute vacuum.

Differential pressure sensors measure the difference between two or more
pressures introduced as inputs to the sensing unit, for instance, measuring the
pressure drop across an oil filter. Differential pressure is also used to measure
flow or level in pressurized vessels.

The fifth category includes sealed pressure sensors. The devices are the
same as the gauge pressure sensors except that they are previously calibrated by
manufacturers to measure pressure relative to sea level pressure.

It should be also noted that pressure sensors can vary drastically in
technology, design, performance, application suitability and cost. A
conservative estimate shows that there were over 50 technologies and at least
300 companies making pressure sensors worldwide at the end of 2010.

Comprehension

Exercise 1. True or false?

1) Some pressure sensors may function in a binary manner.

2) Differential pressure sensors measure pressure less than the atmospheric
pressure at a given location.

3) All pressure sensors measure pressure of gases and liquids only.

4) No pressure means the same as the perfect vacuum pressure.

5) Pressure sensors can never be used to indirectly measure any other variables.

6) A pressure transducer is not the same as a pressure sender.

7) The pressure is usually stated in terms of force per unit area.

8) A pressure sensor generates a signal as a function of the pressure imposed.

9) There are over 15 technologies and at least 30 companies making pressure
sensors worldwide nowadays.

10) Differential pressure is used to measure flow or level in pressurized vessels.

Exercise 2. Complete the sentences using the correct words from the text:

1) The pressure is taken as an ... of the ... required to stop a fluid from ....

2) Specialists utilize a ... pressure sensor to measure pressure less than the ...
pressure at a ... location.

3) A ... pressure gauge is an example of ... pressure indication.
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4) Pressure sensors can vary ... in technology, design, ..., and application ....
5) In terms of ... type, pressure ... can be divided into ... categories.

6) The ... of gauge pressure ... is used in different ....

7) Atmospheric pressure makes ... PSI at ... level with reference to ....

8) ... sensors are used for control and ... in thousands of ... applications.

Vocabulary

Exercise 3. Give the English or Russian equivalents for the following word
combinations:

PazHocte naBnenuid; to measure flow or level in pressurized vessels;
dusznueckne mapameTphbl, H3MEPSIONIMEeCs B 3aBUCUMOCTH OT JIaBJICHUS
OKpyXaromie cpeznl; to measure pressure relative to sea level pressure;
OTUIOMOMPOBAHHBIN JAaTUMK JaBjeHus; force per unit area; yJOBUTh U3MEHEHUE
OUYEHb BBICOKHX CKOpocTel; relative to absolute vacuum; naBinenue cropanus B
LHWJIMHJpPE IBUTATEIs MOTOPHOM J0JIKH; the potential to cause some confusion.

Exercise 4. Match the words with their meanings:

1) pressure a) to determine or correct the scale of a graduated instrument
2) gauge b) used to close a thing tight to prevent leaks

3) to monitor  c¢) surface parallel to the horizon with reference to its height
4) to calibrate  d) force on or against or influence on something

5) perfect e) space completely empty of substance or gases
6) sealed f) any of a variety of measuring instruments

7) vacuum g) complete with everything needed

8) level h) to be aware of the state of a system

Exercise 5. Translate from Russian into English:

1) Jartuuk naBiaeHUs — 3TO YCTPOMCTBO, (PU3MUECKHE MapaMeTphl KOTOPOIO
W3MEHSIIOTCSI B 3aBUCUMOCTH OT JaBJICHHUSI u3MepsieMoi cpenibl. 2) OCHOBHBIM
OTJIMYMEM OJIHUX H3MEPHUTEJIbHBIX MPUOOPOB OT JAPYIHX SIBISETCS TOYHOCTH
pPETUCTpALMM JABJICHUS, KOTOpasl 3aBUCUT OT NpeoOpa3oBaHMs JABJICHUS B
ANIEKTPUYECKUNA cUTHaI. 3) B oTimyue oT Jmardymka JaBJICHUs, MAHOMETP — 3TO
npuOop, MNpEeNHA3HAYCHHBINM IS W3MEPEHHUs [JaBJICHUS, a HE [JIs €ro
npeoOpaszoBanus. 4) [lokazanuss MmaHOMETpa, KOTOPbIE MOTYT OBITh CUUTAHBI C
€ro IIKaJIbl WIM JUCIUICS, 3aBUCIT OT JaBjieHUs. 5) JlaTuvku naBiieHUs B
kamepax nopoxHor nomumuu CHIA wu Kanamel OCHOBaHBI Ha NPUHIIMIIE
HCMOJIb30BaHMs pelie JaBiieHus. 6) YUyBCTBUTENbHBIC AJIEMEHTHI JaTYMKOB
0a3upyrOTCsA Ha MPUHITUIIE U3MEpEHUs aedhopMallii Pe3UCTOPOB, MIPUITASTHHBIX
K TUTAaHOBOM MeMOpaHe, KoTtopas JedopMHUpyeTcsl Mo JSHCTBUEM JaBJICHMUS.
7) Ecim Obl ymnpaBieHHE CTaTUCTUKM HE MPOBOJAWIIO  Pa3IUYHBIC
MIPOMBIIIJICHHBIE UCCIICIOBAHUS, Y HAC HE ObLI0 ObI HH(OPMALIMKM O KOJUYECTBE
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M MECTONOJIO)KEHUM KOMIIAHHWM, KOTOPBIE 3aHUMAIOTCA MPOU3BOJCTBOM
JATYMKOB JaBiieHUs. §) JlaTuuku pa3HOCTU JABIEHUN MOTYT IOMOYb U3MEPHUTh
JaBJICHUE B TOIUIMBHBIX HAcOCax M MacisHbIX QpuibTpax. 9) [loa BakyyMoM MbI
IIOHAUMAaEM Cpedy, KOTOpasi CONEPKUT a3 NPHU JABICHUAX 3HAUYUTEIBHO HHKE
atMmocgepHoro. 10) JlaTunku gaBiaeHUs MOTYT UCHOJb30BATHCA 111 HEIPSIMOTO
M3MEPEHUS TAKUX MEPEMEHHBIX BEJIMYHH, KAK YPOBEHBb BOJBI, CKOPOCTh ITOTOKA
HeTH WK Ta3a, a TAaKKe BHICOTA MOJIETA.

Exercise 6. Make up the summary of the text and write its annotation.
Discussion

Exercise 7. Work in pairs or in small groups. Share in the discussion. Use the
following questions as prompts:

1) What are the functions of a pressure sensor?

2) Could you state all the names used instead of the term “pressure sensor?”’

3) What is the goal of a dynamic mode measurement?

4) Could you give the definition of a pressure switch?

5) How many categories of pressure sensors do you know? Name them.

6) What is 0 PSI?

7) Where can specialists use a vacuum pressure sensor?

8) What is the difference between the first and the fifth categories of pressure

sensors?
9) What was the world-wide volume of pressure sensors production at the end
of 2010?
LESSON 6
MICROCONTROLLERS

Lexical units:

integrated circuit — HHTErpajgbHas cxema

processor core — siApo Mmpoiieccopa

embedded — BcTpoeHHBII

remote control — MyJIbT IUCTAHIIMOHHOTO YIIPaBJIEHUS
appliances — anexkTponpuOOpsI (OBITOBBIE)

pipe-line — KoHBeiiep

assembly shop — cOopouHbIi 11eX

instrument-making industry — npubopoctpoeHue
clock rate — TaktoBas yacrora

consumption — pacxoj, norpedaeHue

Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com)

\Q\}!l ""76,

3
A

CEBACTONMILCHKEAH )
x

e

MoV WHHBIHYAL

VHIBEPCHTET


http://www.novapdf.com
http://www.novapdf.com

27

to retain — MoAIEPKUBATH, COXPAHSTh

interrupt — (371€Ch) CUTrHAJ IPEPHIBAHUS

light-emitting diode — cBeTomzmydarouuii Ao

custom — OOBIYHBIN, CTaHIAPTHBII

interrupt service routine = interrupt handler — o6padoTunk npepriBaHus
sequence — MoCIeI0BaTeIbHOCTb, PS KOMaH]T

overflow — nepenonaHeHue

communication link — kanan cBsizu

to halt — octanaBnuBarh

on-chip — BCTpOEHHBIN B 4uM

compiler — KOMIUIUPYIOILIEE YCTPOMCTBO WIIK ITpOrpaMMma
assembler — TpancigTOp

field-alterable — mporpamMmmupyemsliil B HOJEBBIX YCIOBUSIX
erasable — crupaempilii

TEXT

An item we know as a microcontroller i1s a small computer on a single
integrated circuit containing a processor core, memory and programmable
input/output peripherals. Sometimes, in technical literature, it may be
abbreviated as uC, uC or MCU. Microcontrollers are designed for embedded
applications, in contrast to microprocessors used in personal computers or other
general purpose applications.

Microcontrollers are frequently used in automatically controlled products
and devices, such as automobile engine control systems, implantable medical
devices, remote controls, office machines, appliances, power tools, and toys as
well as in transporters, pipe-lines, assembly shops, etc. By reducing the size and
cost compared to a design that uses a separate microprocessor, memory, and
input/output devices, microcontrollers make it economical to digitally control
even more devices and processes. Mixed signal microcontrollers integrating
analog components needed to control non-digital electronic systems, are
common in the instrument-making industry.

Some microcontrollers may operate at clock rate frequencies as low as
4 kHz, for low power consumption (milliwatts or microwatts). Here, under the
clock rate we understand the rate in cycles per second. Such microcontrollers
generally have the ability to retain functionality while waiting for an event such
as a button press or other interrupt. Power consumption while sleeping (CPU
clock and most peripherals off) may be just nanowatts, making many of them
well suited for long lasting battery applications. Other microcontrollers may
need to act more like a digital signal processor, with higher clock speeds and
power consumption.
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The majority of microcontrollers in use today are embedded in other
machinery, such as automobiles, telephones, appliances, and computer
peripherals. These are called embedded systems. While some of them are very
sophisticated, many have minimal requirements for memory and program
length, with no operating system, and low software complexity. Typical input
and output devices include switches, relays, solenoids, light-emitting diodes
(LEDs), small or custom LCD displays, radio frequency devices, and sensors
for data such as temperature, humidity, light level. Embedded systems usually
have no keyboard, screen, disks, printers, or other recognizable 1/O devices of a
PC, and may use no human interaction devices.

Microcontrollers must provide real time (predictable, though not
necessarily fast) response to events in the embedded system they are
controlling. When certain events occur, an interrupt system can signal the
processor to suspend processing the current instruction sequence and to begin
an interrupt service routine (ISR, or “interrupt handler”). The ISR will perform
any processing required based on the source of the interrupt before returning to
the original instruction sequence. Possible interrupt sources are device
dependent, and often include events such as an internal timer overflow,
completing an analog to digital conversion, a logic level change on an input
such as from a button being pressed, and data received on a communication
link. Where power consumption is important as in battery operated devices,
interrupts may also wake a microcontroller from a low power sleep state where
the processor 1s halted until required to do something by a peripheral event.

Finally, we should mention microcontroller programs. They must fit in
the available on-chip program memory, since it would be costly to provide a
system with external memory. Compilers and assemblers are used to convert
high-level language and assembler language codes into a compact machine
code for storage in the microcontroller’s memory. Depending on the device, the
program memory may be permanent, read-only memory that can only be
programmed at the factory, or program memory may be field-alterable flash or
erasable read-only memory.

Comprehension

Exercise 1. True or false?

1) Typical input and output devices include switches, relays, solenoids, etc.

2) Interrupts must provide real time response to events in the embedded system
they are controlling.

3) A number of microcontrollers may operate at clock rate frequencies as low as
14 kHz.

4) A microcontroller is a small microprocessor on a single integrated circuit.
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5) Sometimes microcontrollers may need to act more like a digital signal
processor.

6) Microcontrollers are rarely used in automatically controlled devices.

7) Compilers are used to convert high-level language codes into a compact
machine code.

8) Many embedded systems have maximal requirements for their memory and
program length.

9) Microprocessors are used in PCs and other general purpose applications.

10) A logic level change on an input may be caused by a button pressure.

Exercise 2. Complete the sentences using the correct words from the text:

1) The ... of microcontrollers in use today are ... in other ....

2) Mixed ... microcontrollers integrating ... components needed to control ...-
... electronic systems, are common in the ...-... industry.

3) Interrupts may also wake a ... from a ... power ... state.

4) Under the ... rate we understand the ... in cycles per ....

5) Embedded ... usually have no ..., screen, disks, printers, or other ... input-
output devices.

6) The ... will perform any ... required based on the source of the ... before
returning to the original ... sequence.

7) ... interrupt sources often include events such as an internal timer ... and
completing an ... to ... conversion.

8) ... consumption while sleeping may be just ..., making many of them well
suited for long lasting ... applications.

Vocabulary

Exercise 3. Give the Russian or English equivalents for the following word
combinations:

Recognizable [/O devices; mnporpamMmMupyembiii B TMOJEBBIX YCIOBHUSIX
MHUKpPOKOHTpoJuiep; ability to retain functionality; BcTpoeHHas B uwun
KoMmwimpytomas nporpamma; logic level change; yctpoiictBo co crupaemoit
namsaThio; to signal the processor to suspend processing the current instruction
sequence; MHUKPOKOHTPOJIJIEP, HCIONB3YIOMMIACS KaK YCTPOWCTBO IS
uudpoBoit 00padbotku curHaia; high-level language and assembler language
codes; cTaHAapTHBIE  CBETOM3IyYaIOIIME  JHOJIbI, HCIOJb3yeMbIE B
pUOOPOCTPOCHUH.

Exercise 4. Match the words with their meanings:

1) diode a) electrochemical cell to produce electricity

2) memory b) device that measures a physical quantity and converts it
into a signal
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3) compiler c) set of interacting or independent components forming an
integrated whole

4) button d) device attached to a host computer, but not part of it

5) peripheral e) switch to control a machine or a process

6) system f) computer program to transform codes written in
programming languages

7) sensor g) ability to store, retain, and recall data

8) battery h) two-terminal electronic component

Exercise 5. Translate from Russian into English:

1) MUKpPOKOHTpPOJIEp — 3TO MUKPOCXEMa, MPEJHA3HAUYCHHAS ISl YIIPABICHUS
ANIEKTPOHHBIMH yCTPOMUCTBAMHU. 2) B COBpEMEHHBIX MHUKPOKOHTPOJUIEpAX
WCIIOJB3YIOTCSI  MOIIHBIE  BBIUUCIUTEIbHBIE YCTPOMCTBA C  IIMPOKUMU
BO3MOYKHOCTSIMH, IIOCTPOEHHBIE HA OJIHOM MHUKPOCXEME BMECTO 1I€J10r0 Habopa.
3) Ilpu npoeKkTHpOBaHUN MUKPOKOHTPOJUIEPOB MPUXOAUTCS COONIIOAATh OanaHc
MEXIy pa3sMepaMud U CTOMMOCTBIO C OJHOM CTOPOHBI W THOKOCTBIO U
MIPOU3BOUTEIBHOCTEIO € Jpyroi. 4) CylllecTByeT OrpoOMHOE KOJIMYECTBO
MUKPOKOHTPOJUIEPOB, KOTOPHIE OTIMYAIOTCS Pa3MEpOM U BUAOM BCTPOCHHOM
naMsTH, HaOOpoM MepudepuiiHbIX YCTPOKCTB, a TAaKXE TUIOM KOpIyca u
MaTepuagoM, U3 KOTOPOro OH M3roToBiieH. 5) Eciau Obl mpou3BOAMTENN HE
IIPUHUMAJIM BO BHUMAHHUE OTPAHUYEHHUS B LIEHE U DHEPronoTpeOJeHUu, 3TO
CIOCOOCTBOBAJIO OBl TOMY, UYTO TAKTOBAasi 4aCTOTa MUKPOKOHTPOJUIEPOB CTaja
Obl Ype3BBIUAMHO BBICOKOU. 6) IIporpammupoBaHHEe KOHTPOJIJIEPOB OOBIYHO
OCYIIECTBIIAETCS Ha SI3bIKE accemMOiiepa, XOTA CYIIECTBYIOT KOMITHIISITOPBI U JIJ1s1
apyrux s3blkoB.  7) CrHeuumaibHble NpPOrpaMMbl 17l MEPCOHAIBHBIX
KOMIBIOTEPOB, UMHUTHPYIOILIIME Pa00OTy MUKPOKOHTPOJUIEPA, UCIOJIBb3YIOTCS IS
OoOHapy>XeHUsl, JIOKalW3allMu W YycTpaHeHus omubok. 8) Ha coBpeMeHHOM
ATane pa3BUTUS TMPUOOPOCTPOCHHE CIIENAN0 JOCTYIHBIM HCIOJIb30BAHUE
MUKPOKOHTPOJUIEPOB B COOPOYHBIX II€XaX M Ha KOHBEWepax, 000pyI0BaHHBIX
COOTBETCTBYIOLIMM MPOTPaMMHBIM obecriedeHueM. 9) Ymnpoménnelii HadbOp
koMmanj (reduced instruction set) 1Mo3BoOJIsIET MUKPOKOHTPOJIEPAM BBIIOJIHATH
OOJBIIMHCTBO MHCTPYKIMI 3a OAWMH TaKT, 4YTO OOECIEUYMBAET BBICOKOE
OBICTPOJICUCTBUE JaKe MPU HU3KOM TakToBOM yacToTe. 10) MukpoKoHTpoJIIep
MOXET HMETh BCTPOCHHYIO SHEPrOHE3aBUCHUMYIO MaMsTh JUIsl XpaHEHUs
MIPOrpaMMBbl U TAHHBIX.

Exercise 6. Make up the summary of the text and write its annotation.
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Discussion

Exercise 7. Work in pairs or in small groups. Share in the discussion. Use the
following questions as prompts:

1) What is a microcontroller? How can it be abbreviated?

2) Where are they usually applied?

3) What type of microcontrollers is common in the instrument making?

4) Why is the clock rate important in microcontrollers industry?

5) What units are used to measure microcontrollers power consumption?

6) How can you characterize an embedded system?

7) What is the function of an interrupt service routine?

8) Could you describe the principle of interaction between an interrupt and a
microcontroller?

9) What types of microcontroller programs do you know?

LESSON 7
THE SCIENCE OF MEASUREMENT

Lexical units:

ratio — OTHOILIEHUE, KO3PPULIHEHT

traceability — BO3BMOXXHOCTh OTCJIC)KMBAHUS

suitability — (31ech) 7OMyCTUMOCTD

calibration — ctanmapTuzanus

regulatory — peryaupyrouiuii, HopMaTUBHBIMI
uncertainty — IepeMeHYUBOCTh, HEONPEJAEIEHHOCTh
National Institute of Standards and Technology —
HanmonanpHbBINM MHCTUTYT CTaHAAPTOB U TeXHONOrM, Mapunenn, CLIA
National Physical Laboratory —

HaunonaneHas naboparopus pusuku, JIoH10H, AHTINS
systematic bias — cucteMarnueckas onnoka

leads — BBIBO/IBI, TOJBOISAIIME ITPOBOJIA

to short — 3aMbIKaTh HAKOPOTKO

qualifying conditions — onpeaensitonue ycioBus

triple point — TpoiiHas Touka

(paBHOBECHOE HAXOXKJICHUE BEIIECTBA B TPEX arperaTHbIX COCTOSHUSX )
potentiometer — 1eIUTENb HANIPSKEHUS, TOTEHIIUOMET]P
influential — Ba)XHBIN, IMEIOITNHN BIUSHHAC

to anticipate — npeayrajpiBaTh, YIpexIaTh
repeatability — cxoAMMOCTb pe3yJIbTaTOB

reproducibility — Bocipou3BOIUMOCTh

to quantify — onpeaensaTh KOJIMUEeCTBO, U3MEPSITh
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TEXT

Under the science of measurement we know the metrology. It includes all
theoretical and practical aspects of measurement. The word “metrology” comes
from Greek “metron” (measure) and “logos” (study). In Ancient Greek the term
“metrologia” meant “theory of ratios.”

Nowadays, metrology is a very broad field and it may be divided into
three subfields. They are scientific (fundamental) metrology, applied
(industrial) metrology, and legal metrology. The first one concerns the
establishment of quantity systems, unit systems, units of measurement, the
development of new measurement methods, realization of measurement
standards and the transfer of traceability from these standards to users in
society. Industrial metrology concerns the application of measurement science
to manufacturing and other processes and their use in society, ensuring the
suitability of measurement instruments, their calibration and quality control of
measurements. Legal metrology concerns regulatory requirements of
measurements and measuring instruments for the protection of health, public
safety, the environment, enabling taxation, protection of consumers and fair
trade.

A core concept in metrology is traceability defined as the property of the
result of a measurement or the value of a standard whereby it can be related to
stated references, usually national or international standards, through an
unbroken chain of comparisons, all having stated uncertainties. The level of
traceability establishes the level of comparability of the measurement: whether
the result of a measurement can be compared to the previous one, a
measurement result a year ago, or to the result of a measurement performed
anywhere else in the world.

Traceability is most often obtained by calibration, 1.e. establishing the
relation between the indication of a measuring instrument and the value of a
measurement standard. These standards are usually coordinated by such
national laboratories as National Institute of Standards and Technology (USA),
National Physical Laboratory, UK, etc. Traceability, accuracy, precision,
systematic bias, evaluation of measurement uncertainty are critical parts of a
quality management system.

Mistakes can make measurements and counts incorrect. Even if there are
no mistakes, nearly all measurements are still inexact. The term “error” is
reserved for that inexactness, also called measurement uncertainty. Among the
few exact measurements are: 1) the absence of the quantity being measured,
such as a voltmeter with its leads shorted together — the meter should read zero
exactly; 2) measurement of an accepted constant under qualifying conditions,
such as the triple point of pure water — the thermometer should read 273.16
Kelvin (0.01 degrees Celsius, 32.018 degrees Fahrenheit) when qualified
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equipment is used correctly; 3) self-checking ratio metric measurements, such
as a potentiometer — the ratio here is independently adjusted and verified to be
beyond influential inexactness.

All other measurements either have to be checked to be sufficiently
correct or left to chance. Basically, metrology is the science that establishes the
correctness of specific measurement situations. This is done by anticipating and
allowing for both mistakes and error. The precise distinction between
measurement error and mistakes 1s not settled and varies by country.
Repeatability (variation in measurements taken by a single person or instrument
on the same item and under the same conditions) and reproducibility (ability of
a test or experiment to be accurately reproduced by someone else working
independently) studies help quantify the precision.

Comprehension

Exercise 1. True or false?

1) The term “‘error” is reserved for measurement exactness.

2) Metrology is the science that establishes the correctness of specific
measurement situations.

3) Traceability is often obtained by reproducibility.

4) The level of traceability establishes the level of comparability of the
measurement.

5) The word “metrology” comes from the Latin language.

6) National Physical Laboratory is situated in the USA.

7) 273.16 degrees Kelvin are the same as 0.01 degrees Fahrenheit.

8) Legal metrology concerns the establishment of quantity systems, unit
systems, units of measurement, etc.

9) Nearly all measurements are still inexact.

10) A voltmeter has two leads shorted together.

Exercise 2. Complete the sentences using the correct words from the text:

1) ... includes all ... and practical ... of measurement.

2) Reproducibility is the ... of a test or ... to be accurately reproduced by
someone else working ....

3) ... metrology concerns the ... of measurement science to ... and other
processes.

4) The ... distinction between measurement ... and ... is not settled and varies
by country.

5) Metrology is a very ... field and it may be ... into three ....
6) Repeatability and ... studies help ... the ....
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7) Traceability, ..., precision, evaluation of measurement ... are critical parts of

a...... system.

8) Among the few ... measurements are ...-... ratio ... measurements.
Vocabulary

Exercise 3. Give the Russian or English equivalents for the following word
combinations:

Establishment of quantity systems; BO3MOXHOCTb OTCJCKHUBAHUSI B YCJIOBUSIX
HeonpenenéHnoctu; anticipating and allowing for both mistakes and error;
JOMYCTUMOCTh CTaHAApTHBIX Ko3(d@uimenToB; application of measurement
science to manufacturing; cucTeMaTUyecKue OIIMOKH, MOSBISIIOIIMECS MPU
m3mepenusix; development of new measurement methods; omnpenenstonue
YCJIOBUS JUIsl MOJKJIIOUECHUST BOJIbTMETpPA; variation in measurements taken by a
single person or instrument; mpeaOCTaBICHHUE BO3MOXXHOCTH OTCJICKHUBAHUS
COBPEMEHHBIX U3MEPUTETHHBIX CTAHIapPTOB.

Exercise 4. Match the words with their meanings:

1) error a) unit of temperature measurement on any of several scales

2) laboratory b) a number representing a comparison between two things

3) ratio c) something used as a measure for comparative evaluations

4) application d) accidental wrong action, a false statement not made
deliberately

5) standard e) partial change in the form, position, state, etc., of a thing

6) variation f) room, building or institution equipped for scientific research
or analysis

7) degree g) ratifying or ordaining; settlement; confirmation

8) establishment h) employment of means to accomplish an end; specific use

Exercise 5. Translate from Russian into English:

1) Metpomnorust — 310 Hayka 00 U3MEpEHUSIX (PU3NYECKUX BEIUYHUH, METOJAX U
cpeacTBax OOECIEUEHUs] MX EAMHCTBA, a TaKke O CIoco0ax JTOCTHXKEHUS
TpeOyeMori TouyHOCTH. 2) IlpenmMeTroM METpoJorhH SIBISIETCA W3BIICUEHUE
KOJIMYECTBEHHOM MH(OpMALMUA O CBOMCTBAaX OOBEKTOB C 3aJJaHHOW TOYHOCTHIO
U JI0CTOBEpHOCTBIO. 3) Teoperndeckas METPOJOTHsl pacCMaTPUBAET TAKUE
o0lIue TeopeThdeckue mpoOJeMbl, Kak pa3paboTka Teopuu U NIpolsIemM
M3MEpEeHU, GU3NYECKUX BEIUYUH, UX eauHUIL. 4) Eciin Obl 11eJ1b10 METPOJIOTUH
He ObLIO co3JaHue OO0IIe TEOpUU M3MEPEHUI, ITa HayKa MOTepsiia Obl CMBICIL.
5) YuéHble BBeNM B 0OpallleHHEe MIUPOKOE MOHIATHE (PU3UUECKON BEIMUUHBI IS
OJIHOTO U3 CBOMCTB (hM3UYECKOro 00bekTa. 6) MBI 3HAJIM, YTO U3MEPEHUE — ITO
HAXOXJCHHE 3HAYEHUs (PU3NYECKON BEIMYMHBI OMBITHBIM MYTEM C MOMOIIBIO
TEXHUYECKUX cpeactB. 7) OreuecTBEHHass METPOJOrvs pa3BUBAjach MOJ
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KOHTpPOJIEM TOCYJapCTBa U3-3a MOTPEOHOCTH B TMOBBIIIEHUUM TOYHOCTH
M3MEPEHUN B CBA3M C POCTOM IPOMBILIJIEHHOTO KOMIUIEKca. 8) 3apyOexxHas
METPOJIOTHSl TaKX€ BO3HUKJIA M3-3a MPAKTUYECKUX TpeOOBaHUW, HO 3THU
TpeOOBaHUSI WCXOAWIM, B OCHOBHOM, OT 4acTHbIX (upm. 9) Cpenctsom
METPOJIOTHHM  SIBJIAETCA COBOKYIIHOCTh M3MEPEHHW W  METPOJIOTMYECKUX
CTaHJapTOB, KOTOPbIE 00ECIIEUNBAIOT HEOOX0AUMYI0 TOUHOCTh. 10) B crpanax
3anagHoii EBpombl 4acTHass (uUpMa MOXKET HE IMOJIb30BATHhCS  ILJI0OXO
3apEKOMEH0OBABIIUM Ce€0sl CTaHAAPTOM WM NPUOOPOM U JOTOBOPUTHCA C
IMapTHEPAMHU O IPYIOM BapUaHTE MOATBEPKACHUS U3MEPEHUM.

Exercise 6. Make up the summary of the text and write its annotation.
Discussion

Exercise 7. Work in pairs or in small groups. Share in the discussion. Use the
following questions as prompts:

1) What does the term “metrology” mean? What is its origin?

2) What is fundamental metrology?

3) Could you give the definition of industrial metrology?

4) How can you describe legal metrology?

5) How does traceability correlate to metrology?

6) What institutions coordinate measurement standards?

7) What exact measurements do you know?

8) Is there any distinction between measurement error and mistakes in
metrology?

9) What is the function of reproducibility and repeatability studies?

LESSON 8
LEVELING THE LEVEL

Lexical units:

dumpy level — HuBenup, CTpOUTENBHBIN YPOBEHD
surveying — reojie3us

tripod — TpeHora, mTaTuB

foot-screw = leveling screw — o bEMHBIA BUHT

tape measure — pyJeTKa, MEpHas JICHTa

staff — HUBenMpHas pelika

site survey — MHXEHEPHO-T€0JIOTMUECKHUE U3bICKAHMSI
benchmark — Tonorpaguueckas oTMeTKa ypOBHS
arbitrary — Npou3BOJIbHBIN, CITy4aHBIHI

Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com)

\Q\}!l ""76,

3
A

CEBACTONMILCHKEAH )
x

e

MoV WHHBIHYAL

VHIBEPCHTET


http://www.novapdf.com
http://www.novapdf.com

36

quadrant — yeTBEpTH

traverse — nepeceueHue

bubble level — my3bIpbKOBBIN YPOBEHB

tilting level — HakOHHBINA YpOBEHB

to flip — mepeBOpaunBaTh

to hinge — moaBemMBaTh, yCTaHABIMBAaTh HA IIAPHUPAX
to cancel out — ypaBHOBecUTbh, COTAHCUPOBATH
spirit level — Batepmac, ypoBeHb

swinging — Kayaronuncs

bar-coded — ¢ HaHECEHHBIMU OTMETKAMMU
graduation — esieHsl Ha HUBETTUPHOU peKe

to sweep — TIHyTbh, IPOBOJUTH

level vial — ammyna ypoBHs

terrain — MECTHOCTb

to endure — mpoAOIKATHCS

despite — HECMOTps Ha

TEXT

A dumpy level, or a builder’s auto level, or a leveling instrument, or —
now — an automatic level — all these synonyms are used to name just an optical
instrument used in surveying and building to transfer, measure, or set horizontal
levels.

The general principle of operations is as follows. The level instrument is
set up on a tripod (a device used to support any one of a number of surveying
instruments) and, depending on the type, either roughly or accurately set to a
leveled condition using foot-screws (leveling screws). The operator looks
through the eyepiece of the telescope while an assistant holds a tape measure or
graduated staff vertical at the point under measurement. The instrument and
staff are used to gather and transfer elevations (levels) during site surveys or
building construction. Measurement generally starts from a benchmark with
known height determined by a previous survey, or an arbitrary point with an
assumed height.

A dumpy level is an older-style instrument that requires skilled use to set
accurately. The instrument requires the level to be set in each quadrant to
ensure it is accurate through a full 360° traverse. Some dumpy levels will have
a bubble level ensuring an accurate level.

A variation on the dumpy and one that was often used by surveyors,
where greater accuracy and error checking was required, is a tilting level. This
instrument allows the telescope to be effectively flipped through 180°, without
rotating the head. The telescope is hinged to one side of the instrument’s axis.
Flipping it involves lifting to the other side of the central axis (thereby inverting
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the telescope). This action effectively cancels out any errors introduced by poor
setup procedure or errors in the instrument’s adjustment. As an example, the
identical effect may be obtained with a standard builder’s level by rotating it
through 180° and comparing the difference between spirit level bubble
positions.

An automatic level, self-leveling level or builder’s auto level, includes an
internal compensator mechanism (a swinging prism) that, when set close to
level, automatically removes any remaining variation from level. This reduces
the need to set the instrument truly level, as with a dumpy or tilting level. Self-
leveling instruments are the very preferred instruments on building sites,
construction and surveying due to ease of use and rapid setup time.

A digital electronic level is also set level on a tripod, and it reads a bar-
coded staff using electronic laser methods. The height of the staff where the
level beam crosses the staff is shown on a digital display. This type of level
removes interpolation of graduation by a person, thus removing a source of
error and increasing accuracy.

The very up-to-date laser level uses the laser beam projector that employs
a rotating head with a mirror for sweeping the laser beam about a vertical axis.
If the mirror is not self-leveling, it is provided with visually readable level vials
and manually adjustable screws for orienting the projector. A staff carried by
the operator is equipped with a movable sensor which can detect the laser beam
and gives a signal when the sensor is in line with the beam — usually an audible
beep. The position of the sensor on the graduated staff allows comparison of
elevations between different points on the terrain.

In conclusion, it should be noted that the term “dumpy level” endures
despite the evolution in its design.

Comprehension

Exercise 1. True or false?

1) An automatic level includes an internal compensator mechanism.

2) Scientists can’t understand the general principle of operations of a dumpy
level.

3) There 1s no need to set the instrument truly level for an auto level.

4) A leveling instrument is an optical device used in surveying and building.

5) A tilting level uses the laser beam projector.

6) Digital electronic levels remove interpolation of graduation by a person.

7) Basically, a level instrument needs two persons to be operated.

8) Foot-screws are not the same things as leveling screws.

9) The instrument and staff are used to gather and transfer elevations, or levels.
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10) There has been no evolution in the design of a dumpy level since its
invention.

Exercise 2. Complete the sentences using the correct words from the text:

1) A ... carried by the operator is equipped with a ... sensor which can ... the
laser beam.

2) A ... level allows the ... to be effectively ... through 180°, without rotating
the head.

3) The height of the ... where the level ... crosses the staff is shown on a digital

4) The ... of the sensor on the ... staff allows comparison of ... between
different points on the ....

5) ... generally starts from a ... with known height determined by a ... survey.
6) A ... 1s adevice used to ... any one of a number of ... instruments.

7) Dumpy levels are ...-... instruments that ... skilled use to set ....

8) A movable ... gives an ... beep when it is in ... with the laser beam.

Vocabulary

Exercise 3. Give the English or Russian equivalents for the following word
combinations:

MecTHOCTh, TIpeHAa3HAUYCHHAs ISl MHXKEHEPHO-TEOJOTUYECKUX H3bICKaHUI;
preferred instrument on building sites; npou3BoIbHOE BpeMsl YCTaHOBKHU
Barepriaca; a visually readable level vial; ycraHoBieHHBII Ha ImapHHpPAx
HakJIOHHBIN ypoBeHb; difference between spirit level bubble positions;
HEO0XO0IMMOCTh cOajaHCUpOBaHMs Kawarorierocs: npudopa; hinged to the left
side of the instrument’s axis; HeCMOTps Ha NPOJOJLKUTEIbHBIE ICHCTBUA
KOMaHJbl reojie3ucToB; automatically adjustable screws for orienting the
projector.

Exercise 4. Match the words with their meanings:

1) graduation a) any means for the conversion or control of motion, or the
transmission or control of power

2) mechanism b) a state in which opposing forces harmonize

3) balance c¢) a marking indicating a measurement

4) accuracy d) equipment designed for a particular purpose

5) setup e) freedom from mistakes; exact conformity to truth

6) projector f) optical device that projects a beam of light

7) beam g) the employees of a business or the workers of a plant

8) staff h) a ray or collection of parallel rays from any luminous body
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Exercise 5. Translate from Russian into English:

1) HuBenupoM Ha3bIBa€TCA ONTUKO-MEXaHUYECKUI T€0Ie3UUEeCKU TPUOop st
OIpEeIETICHUs PA3HOCTU BBICOT MEKJIY HECKOJIBKMMHU TOYKaMU. 2) Y IaHHOTO
npubopa ecTh 3puTelbHas TpyOa, KoOTOpas MOXKET BpallaTbCcs B
TOPU3OHTAJIBHON IIOCKOCTH, M YYBCTBHUTENIbHBIA ypoBeHb. 3) COBpeMEHHbIE
ONTUYECKNE HHUBEIUPHI OCHAIIEHbI aBTOMAaTUYECKUM KOMIIEHCATOPOM, TO €CTh
YCTPONCTBOM aBTOMAaTHUYECKOW YCTAHOBKH 3pUTEIIBHOM OCH IIpruOopa B paboyee
nonoxenue. 4) Eciu Obl yu€Hble HE pa3padoTaid Ja3epHbI HUBEIHD,
reoJie3nYeckre padoThl MNPUILIOCH Obl TPOBOJUTH KaK MHUHUMYM JBYM
cnenuamactaM.  5)  LudpoBble  HuUBENWpPBl  OOBIMHO  00OPYIIOBAHBI
3alIOMUHAIOIMM YCTPOMCTBOM, KOTOpPOE IO3BOJISIET COXPAHSITH PE3YJIbTATh
HaOmoAeHU. 6) B TPOMBIIUIEHHOW T€0AE3UM METOJI T€OMETPUYECKOIro
HUBEJIMPOBAHUS CUUTAETCA HAuOoJiee MPOCThIM U TOYHBIM. 7) D(PPEKTUBHOCTD
HaKJIOHHOTO YPOBHSI IpPU MPOBEACHUU H3MEPEHUI B TOPUCTOM MECTHOCTHU
3HAQUMUTEIIbHO CHIKAeTcs. 8) B na3zepHbIX YpOBHAX HCHONB3YETCS NPUHIUI
BpallleHUs1 JIa3epHOro Jyya, CIHEUUaJbHO pa3pabOTaHHBIA ISl 3THUX
AJIEKTPOHHO-MEXaHUYeCcKuX mpudopoB. 9) Kak cooOmmwim B HOBOCTSX,
BBICOKOTOYHBI ~ HHMBEJIMP HOBOTO IIOKOJEHUS CMOXET OCYIIECTBIIATh
M3MEPEHUSI MTOBEPXHOCTEW Pa3MYHBbIX IUIAHET, B NepByr ouepens JIyHbl u
Mapca. 10) C mnoMolpi0 3J€BallMOHHBIX BHUHTOB W MOJABEMHOIO BHHTA
MOACTaBKH MOKHO OBICTPO MPUBECTH HUBEIUP B paboyee MOJI0KEHHE.

Exercise 6. Make up the summary of the text and write its annotation.
Discussion

Exercise 7. Work in pairs or in small groups. Share in the discussion. Use the
following questions as prompts:

1) What is a dumpy level? Give its analogous names.

2) Describe the general principle of its operation.

3) What are the main components of a level instrument?

4) What 1s the difference between a dumpy level and a tilting level?

5) Where can we find a swinging prism and what is it?

6) Why do specialists consider a digital electronic level to be the most
dependable one?

7) How can you show the principle of work of a laser level?

8) What is the feature in the use of the term “dumpy level?”

9) What degree of precision can be obtained with the help of different types of
level instruments?
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FINAL TEST

Make the correct choice:
Variant 1

1. The precision of the laser rangefinder is determined by ... .
a) the rise or fall time of the laser pulse b) the speed of the receiver
c¢) both of them d) sub-millimeter measurements

2. A digital electronic level always uses ... .
a) a laser beam projector b) set level on a tripod
c) a bar-coded staff d) a telescope

3. A USB microscope is a ... digital microscope.
a) multifunctional b) high-powered
¢) transilluminating d) serviceable

4. The term “error” 1s used to describe ... .

a) measurement uncertainty

b) measurement of an accepted constant

c) the absence of the quantity being measured

d) theoretical and practical aspects of measurement

5. Signal microcontrollers integrating analog components needed to control ...,
are common in the instrument-making industry.

a) industrial mechanical processes b) transporters and conveyers

c) digital computer systems d) non-digital electronic systems

6. Pressure sensors can be used to indirectly measure such variables as ... .
a) intensity of a current b) time and date
c) speed, water level, and altitude d) sea depth and distances

7. The most common materials in sensors-making industry are ... .
a) cast iron and aluminum b) polymers and metals
c) glass and silicon d) wood and plastics

8. In DSP, engineers study digital signals in one of the following domains: ... .
a) time domain and frequency domain

b) spatial domain and autocorrelation domain

c) wavelet domains

d) in all of them
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9. The integral part of each leveling instrument is a(n) ... .
a) bubble level b) tripod
c) battery d) application-specific integrated circuit

10. Laser measuring tools usually include the ability ... .
a) to produce some simple calculations

b) to calculate algebraic equations

c¢) to send the data obtained to the control station

d) to destroy themselves after their expiration date

11. The first microscope to be invented in the 16" century was the ...

microscope.
a) inverted b) optical
c) digital d) electromechanical

12. 1 degree Fahrenheit is the same as ... .
a) 5/9 degrees Celsius b) 22 degrees Kelvin
c) 5 degrees Centigrade d) -243 degrees Kelvin

13. Microcontrollers must provide ... response to events in the embedded
system they are controlling.

a) very fast b) predictable

c) accurate d) logically grounded

14. The sensors used in a gas turbine are manufactured out of ... materials.
a) bulletproof b) fusible
c¢) inflammable d) piezoelectric

15. A good sensor s ... .

a) sensitive to the measured property only

b) sensitive to any other properties

c) designed to be non-linear to simple mathematical functions
d) able to react to any slight movement

16. Digital signal processing is often implemented ... .
a) using special microcontrollers b) in many applied sciences
¢) using specialised microprocessors d) as a part of nanotechnology
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Variant 2

1. A laser rangefinder is a device which uses a ... to determine the distance.
a) beam of electrons b) telescope
c) laser beam d) tape measure

2. USB and ... are widely used by many modern manufacturing firms and labs.
a) stereo microscopes b) comparison microscopes
c) optical rangefinders d) digital microscopes

3. Today we can use ... for digital signal processing.
a) general purpose microprocessors b) different optical devices
¢) modern stereo systems d) industrial conveyors

4. A mirage may be caused by ... .
a) the proximity to a desert b) temperature gradients in the air
c) personal hallucinations d) a powerful laser projector

5. The electron microscope is primarily used for ... .
a) quality control b) failure analysis

c¢) both of them d) semiconductor device fabrication

6. Sometimes analog output signals require a(n) ... .

a) analog-to-digital converter b) purpose-built hardware

C) magnetic resonance imaging d) digital-to-analog converter

7. We may find a visually readable ... only in modern laser leveling
instruments.

a) database b) tilting level

c) level vial d) magnet with specific qualities

8. Everybody may use a dumpy level in ... and ... to set horizontal levels.
a) outer space, vacuum b) building, surveying
c¢) designing, engineering d) fabrication, manufacturing

9. Metrology is the science that establishes the correctness of ... .
a) specific measurement situations b) practical aspects of measurement
c) different scientific theories d) hard mechanical equipment

10. A ... includes such parts as traceability, accuracy, precision, etc.
a) quality control system b) measurement standards system
¢) quality management system d) governmental calibration committee
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11. It is possible to convert ... and ... codes into a compact machine code.
a) English, Dutch

b) programming language, machine language

¢) bar codes, digital

d) high-level language, assembler language

12. You may find ... inside each tire.
a) the atmospheric pressure b) a nipple
C) an air-pump d) no pressure

13. A discrete Fourier transform produces the ... information.
a) time and spatial b) frequency domain
c) algebraically proven d) frequency spectrum

14. All types of sensors have an impact on ... .
a) living beings b) industrial processes
c) what they measure d) the environment

15. Microcontrollers are often used in ... .
a) laser rangefinders b) automatic levels
c¢) automobile engine control systems  d) optical microscopes

16. Pressure sensors are usually classified according to the ... .
a) negative gauge pressure

b) application suitability and cost

c) difference between two or more pressures

d) temperature ranges of operation
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