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THE JOURNEY

The map and the graph below describe a car journey from Nottingham to
Crawley using the M1 and M23 motorways.

m NOTTINGHAM 150 3
NE
s
Y
Distance 1
(miles)

/

B C
50

/
A
0 1 2 3 4
M23 Time (hours)

1) Describe each stage of the journey, making use of the graph and the map. In
: J y g grap
particular describe and explain what is happening from A to B; B to C;
CtoD;DtoEandEtoF.

(ii) Using the information given above, sketch a graph to show how the speed of
the car varies during the journey.
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CAMPING

On their arrival at a campsite, a group of campers are given a piece of string 50
metres long and four, flag poles with which they have to mark out a rectangular
boundary for their tent.

They decide to pitch their tent next to a river as shown below. . This means that
the string has to be used for only three sides of the boundary.

(1)  If they decide to make the width of the boundary 20 metres, what will the
length of the boundary be?

(ii) Describe in words, as fully as possible, how the length of the boundary
\ changes as the width increases through all possible values. (Consider both
small and large values of the width.)

(1i1) Find the area enclosed by the boundary for a width of 20 metres and for
some other different widths.

(iv) Draw a sketch graph to show how the area enclosed changes as the width
of the boundary increases through all possible values. (Consider both
small and large values of the width.)

Area
Enclosed

AY
—7

Width of the boundary

The campers are interested in finding out what the length and the width of the
boundary should be to obtain the greatest possible area.

(v) Describe, in words, a method by which you could find this length and
width.

(vi) Use the method you have described in part (v) to find this length and
width.

4
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GOING TO SCHOOL

0 1 2 3

| S— 1 1
Scale (miles) 0 Graham

[ ] [
Jane Paul

School

Susan

—

A
Peter

Jane, Graham, Susan, Paul and Peter all travel to school along the same country
road every morning. Peter goes in his dad’s car, Jane cycles and Susan walks.
The other two children vary how they travel from day to day. The map above
shows where each person lives.

The following graph describes each pupil’s journey to school last Monday.

6 - . *
Length 4 4 °
of
journey
to school
(miles) 2 4 ° °

! 1 S
0 20 40

Time taken to travel to school (minutes)

1)  Label each point on the graph with the name of the person it represents.

11)  How did Paul and Graham travel to school on Monday?

ii1) Describe how you arrived at your answer to part (ii)

(continued)
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THE VENDING MACHINE

A factory cafeteria contains a vending machine which sells drinks.
On a typical day:
* the machine starts half full.

* no drinks are sold before 9 am or after 5 pm.

* drinks are sold at a slow rate throughout the day, except during the

morning and lunch breaks (10.30-11 am and 1-2 pm) when there is
greater demand.

the machine is filled up just before the lunch break. (It takes about 10
minutes to fill).

Sketch a graph to show how the number of drinks in the machine might vary
from 8 am to 6 pm.

Number of

drinks

in the machine

8 9 10 1 12 1 2 3 4 S5 6
k—— morning = afternoon —
Time of day-
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GOING TO SCHOOL (continued)

to show how the car’s speed varies along the route.

Peter’s journey to School

30+

Car’s
Speed 20
(mph)
10+
0 I 2 3 a 5 6

Distance from Peter’s home (miles)

iv) Peter’s father is able to drive at 30 mph on the straight sections of the road,
but he has to slow down for the corners. Sketch a graph on the axes below

OShell Centre for Mathematical Education, University of Nottingham. 1985.
7 (29)



THE HURDLES RACE

/
400 — / i
4 g
7 .
./ . -7
. ‘/ /,
Distance 7 g —_—A
, =
(metres) S ———— - B
A C
e
’ _/
/ 7
I', '/
W/
~N
0 ! i
60

Time (seconds)
The rough sketch graph shown above describes what happens when 3 athletes
A, B and C enter a 400 metres hurdles race.

Imagine that you are the race commentator. Describe what is happening as
carefully as you can. You do not need to measure anything accurately.

©Shell Centre for Mathematical Education, University of Nottingham, 1985.
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THE CASSETTE TAPE

lasts 45 minutes.

changes with time.

This diagram represents a cassette recorder just as it is beginning to play a tape.
The tape passes the ““head” (Labelled H) at a constant speed and the tape is
wound from the left hand spool on to the right hand spool.

At the beginning, the radius of the tape on the left hand spool is 2.5 em. The tape

(1) Sketch a graph to show how the length of the tape on the left hand spool

\

Length of tape
on left hand

spool

Ny
i T 1 | T
0 10 20 30 40 50
Time (minutes)
(continued)
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THE CASSETTE TAPE (continued)

(11))  Sketch a graph to show how the radius of the tape on the left hand spool
changes with time.

Radius of tape
on left hand
spool (cm)

o
1

0 10 20 30 40 50

Time (minutes)

(1) Describe and explain how the radius of the tape on the right-hand spool
changes with time.

©Shell Centre for Mathematical Education, University of Nottingham, 1985.
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FILLING A SWIMMING POOL

(1) A rectangular swimming pool is being filled using a hosepipe which
delivers water at a constant rate. A cross section of the pool is shown
below.

T T —— T T

T — ———]d

\

Describe fully, in words, how the depth (d) of water in the deep end of the
pool varies with time, from the moment that the empty pool begins to fill.

(i1) A different rectangular pool is being filled in a similar way.

N |

o>

y

Sketch a graph to show how the depth (d) of water in the deep end of the
pool varies with time, from the moment that the empty pool begins to fill.
Assume that the pool takes thirty minutes to fill to the brim.

2

Depth of water
in the pool (d)
(metres) 1

>

0 10 20 30
Time (minutes)

OShell Centre for Mathematical Education, University of Nottingham, 1985.
12 (52)



Classroom
Materials

N
A

13 (59)



PRLLICI

°L
'3 o
oc gy

el o]

V

uiae ppolg  Joug Sluua(] Aqie) epuaig 201y

W/
(MOoJ3q ‘yderdioness ay; uo jutod yoes Aq pajuasaidal st oyp

anan{) doyg sng ayg, °1

"JUSWIdAIZe SWOS 0] W0 01 A1) pue sinoqySiau
INOA Y11m SI9MSUR INOA SSNOSIP “13]1400q SIY) YFnoIyl JI1om noA sy

SINIOd ONILIYdIAINI 1V

"$861 ‘WEYSUIION JO ANSISAIU( *UONEINDPH [EXNEWAYIEIN 10] S1UID [[AYS 5,

r , ,
qIpIA (ydeid anoA uo ‘eoue
< : awes ay) Yim ‘sadeys jjp apnpoul
. . nok ji suaddey ieym “Ajeurqy
* 1ydioy ‘sjtun aaenbs
. . Y¢ JO BAIB UR YlIM 2)3UD1Da4 K443

moys 01 ydes3ioneos v meiq

‘urepdx g ¢1utod 19410 ay3 01 puodsaiiod

01 *suun a1enbs g¢ jo vare ue yim “adeys yijij e meap nok ue)
‘apued g’V

S10119] 9yl ynm "mojoq ydead oyy uo syutod iInoj [oqe]

Es

‘s1un a1enbs g¢ Jo vale ue aARY Yyoead sadeys 1noj asay |

4~ YIPIM — T]
TT oA L TR Qe T S
. Tk NN N AN W R
T bR I B v
1 1 RE - - 4!
LI sedeys s T T LS
< 1ySrom Apog < 1y31am Apog 1ysiom Apog
Suep ¢
qum paNI paduwny
3100§ SUIEYYY Y3104
XBN XBN XBN

- 9yew noA suonndwnsse
Aue 21e1s Aj1e9]) "yiesusapun ‘ydes§ yoes urejdxs pue ‘aeadde
01 $3|Nsa1 3Y) 102dxd pjnom nok moy moys 031 sydeidialieds yo1ay)s§

‘sure(q pue Sunjipiydiop ‘Surdwng ysiy
‘sy10ds ¢ ut wioyad 01 WAyl Yse uayl No X -d1e A3yl Aaeay moy
ainseaw pue 3jdoad (1 ‘wopuel 1e *3s00yd 03 219m noA asoddng

yods ¢

14 (64)



"ayew
noA suondunsse Aue 21e1S A[IB3[D pUB ‘Ud1aYS B MBI (Y]]
30O 11 p[NOM Jeym ‘pua-yaam Ienonied suo Juunp ureyug
ur apeus [[ed auoyd A19A9 Fuimoys ydeid 1eqiuis e opew nok J|
‘SuUONBINP JUIISJJIP JO S[[BD [BD0] uryew
ojdoad moys yoym sutod 1oyjo yrew pue ydei3 sy Ado)
‘urerdxqg
(ooueisip awes a9y Ay3nox Surperp a19m o1doad yorym
‘urejdxa ‘uredy ([[ed [ed0] B JuIeW SEm OYM
‘A[[njo1ed
Suiuosear unok uieidxg ;ooueisip-3uo] Juiull Sem OYp

[[edJo uoneing &

\Am.::u.w e PIAEJe

dIB[D e -
vieqleg e UYO[ e N Zm

e :mo12q ydead ayy uo *auoydafdl
—w_ a3y uo  a1am Ayl own
. : Jjo yi8ud| oyl pue ‘s|ed 19yl
. 3]0 1500 3Y] Y10q paplodal Ay

“Anunod

Yyl jo ued snouea 01 s[ed
suoydojor opew ojdoad aarg
‘PuINIIM dUQ

sfre) auoydapay, ¢

‘CR61 .ENSMECwOZ Jjo %Hmmuuﬁ:D ‘uoneonpy [edNBWIYIBA 10] 211UdD) __Dcm\w
Y

\.uw:.mm . __ paadg Buisini)

dzIg Vv 28y
g pue vy juasaxdar o1 syutod

oml [aqe] pue yrew ‘ydeid yoea uQ ‘mojaq sydeid ayy Adoy
(...s1o8udssed 1omaj sarired yjeroaie 1adeayd ay ] ..
(.. Japjo st jjeIoate 1931e] 9y ...
. Jo][eWS SIJeIDIIR I91SR) Ay ]..
(. Jdadeayd st ijerdare 19pjo ay ..

(95|} 10 9N} SJUSUIdIL]S SUIMO[[0] Y] Y

(KBS 11 S0P 3S[2 1BYA\ "V JJrIOIIR
uey) daisuadxd alow s1 g yerone leyl smoys ydeid isiy ayJ

Anoede)y 1a8uassed RYALN By
< < <—
Ve Ve
e
Ve de paadg d e
dfuey suisini) 150D

(A1o1010n00R UMEBIP U3q Jou dAey sydeid ayy :9j0u) g pue
Vv ‘yeadaie Y31 oml 9qudsap syderd yo1ays ydinb Juimorqjoy ay L.

=
~
=,

yerary oM 7

15 (64)



"G861 ‘wey3unmoN Jo ANISIaAIu() ‘UONEINPT [EdNBWIYIBIA 10] 21JUD)) 1124S 5,

! b
"qnpd Jjo8 ayy £q 1y
Stileq ayy Iaye awi],
1eq 3uinyg 1a1e M
oy 3uey gei(q
J0 I9)00Ug
paadg 3uralq ysry
guidwing ysiy
& 440 1174 00K ¥ wc_BoEu»M_oowm_.
NAZLNNOW 3HL 40 :uonduosap 1 o<
FANLOIIG VAVHL St 10k a1ensn[)1 01 5 :\A D
dei3 y3nou e yo1ays moN et AAS
4 " uudg anauw o1
"sadueyd [[eq JjoT dunnep sjod
ay1 Jo paads ayy yuryl yioq nok moy Juneis uondudsap 1esd Suiysigy
€ UMOp 9JLIM puR ‘InoqySidu 1ok Yum uonemyis siyl ssnosi(q ,
-
(104s |03 Suizewe s1y) =
u1 11e 31 y3nouy) sa1j 31 se a3ueyo [[eq Yy Jo paads ay3 saop mOH ‘SOAIIBUIANE 19301 NOA AUMm SUOSEII UMOP DILIN =
TV %.ﬁ "yderd ay) s1yy 31 moy
‘, : a S Apoexa urejdxa pue SuImo[[0] 3y} WOIJ IamMSUe 153q Y3 3sooy))
{ /
/ \ DE—,.—.. -—r
\ /
/ \
/ \
) /
/ \\
f Y / paadg
\ /
/
. ! (s1y1 911 ydead e sonpouid [pim 110ds yoig p
\ /
Te-oeT {Mods yorym
104S 310D

:wafqoad siy) In0qe 1LIM pue SSNISIP ‘Afjeul
(STANLII LSO SHAVED YV TV



¢suondaoxa Aue a1oy) 21y

‘uoneuedxs

ue umop 31um os JJ ;ydeid st Jo adeys ay) pue ‘jyoell 19)S80D
-19[j01 ®© Jo adeys oyl uUsIM]ISQ UOIDIUUOD AUk IDNOU NOoA O

(Soen
1915802-13j]01 [eulduo ayj jo adeys 3yl 1ONISUOIIL JYS UB))
“1noqysiau Inok 031 sydv.d y212ys Y1 Kjuo
sseq "1aded jo 109ys ajeredas e uo *auo yoea 10j ydeis e yo1ayg
"UMO INOK JO S3OBI) 19)SBOD-13[]01 DWOS JUIAUI MON

(11dwane 1811 10K 1091100 pue A1) 0)
uey) weageip ysaly e asn 03 131134 st 1) "yded yo19¥s IN0A mpapas
‘sayelsiw Aue puij nok Jj yoell I91SB0d-19[[01 3y} Jo injoid
3yl 1e yoeq Juijoo] AQ suonsanb asayl 01 s1omsue INOA }d3Yy)

. (umop Buimo|s) Funeigadap

,(dn uipaads) Suiie1sjadsoe 131SB0I-19[[01 AY) SEM JIIYA
¢«d10 D ¢d410d

(10 g 1® 12158 SUl||3ABI] JOISEOD-13{[0] Y] SBA\
LAmors (Appoinb

Zuijaar1) 1915800-13][01 3Y) SeA YOr1} 3yl jo siied yoiym Suoly

‘ydp43
yo1ays 4nod Ajuo Juisn suonsanb Juimojjoy ayy Iamsue 01 A1

: “)or1) 19)SB0D
-131]04 2Y1 Jo 21n3o1d 9y3 23S Jouued NOA 1BY] 0S 13[}00q SI1Y) PO

‘ydead yo19ys 1noA
UMEIDP 2ABY NOK [[am MmOy 33s 0] noA djay [im AlAnde 1xdu sy

"CRO1 .ENLMF-ZOZ Jo %umm‘_b?_:p‘.w ‘uolednpy fednewayiejy RICHIRANIVL I MIRIVN 5

[6

¥or1) 94l U0 PI[[IARI] ddURISI(]
5 4 494 ada O d v

| 1 { I | 1

&
~

191Se02-19[[0Y
ay3 jJo paadg

"Nooq JnoA u ydead
® u1yo1aYs AQ pue Sp1om Ul 410g JOMSUR INOA dQLIdSI(]

(D 01y wolj
¥or11 ay) Suoje S|2ARI )1 SB AIRA 121SROD-13]|0X s1y) Jo paads ayy
I'M MOH g PU® v u23am1aq paads 1ueisuod mols e Je Jurjjaaen
SLYDIYM I91SROD-13]]01 B JO ORI 3yl smoys daoqe ainioid oy

RN RN

\
5/\
VA

»

M
|
g

SNV

* [AXLL A

JJ)SB0D-I3[[0Y

A4

1Y st [[eq Ja1je Wl ],

:m0[3q wajqold ayl A11 mON

(1 98ed uo uooured oY)
pue 1dwalie s 13194 U3IM13q UOol1daUU0d Aue 23s NOA Ue)

(S1Yq1 1] ydead sty maip

13134 Aym 15933ns noA ue))

I1eq jo "11 UO JUBWIWO))
paadg

*

:s1yy a1y ydea3 e poonpoud pue
uonsanb jjo3 ayy pardwane 19194

17 (74)



10U Aym “jou J1 !
{21aym ‘oS JT ¢saxe oy 199w ydeid sy pjnoys —

¢AUm ¢dur 1ySrens e aq ydeid oy pinoys —

| Aum
i Spremumop adoys, 1o spremdn adogs, ydei3 syy pjnoys —

-suonsanb aa1yy Suimorjoy sy 1omsue ‘re[nonred uy
"JOMSUE INOK J8 PIALLIR NOA moy Jo uonjeue[dxa ue umop 1L\

*UOISIIA 121100 B JOAO JUSWIIIIFe UWIOS 0) dWI0D 0} AI],
‘s1oqy3iou oA Aq umelp asoy) yiim ydeis moA aredwo)

sarragmens guryoid sjdoad jo 1aquunpN

<
~

qof

a3 ystuy

01 9y} [[Im
Noum [elo],

‘uonemis
STy} rensnyqi 0 yderd e yo1ays ‘mo[aq Sauo a3 91| soxe Jurs)

QaLNvm
SyIMIId

qumwwzxrm
o, L]

.ww:._mnzu:m asayy
Buiyjid ystuty pam Jauocos ayy
‘diay o} Jab am aydoad aJow 3y

saLLIqMeNS UL

SAMAOM NOYA SHAVED ONIHOLIAS €V

"$861 ‘WeYBUNION JO AJISI9AIUN ‘UOHEINPH [RXNBWAYIRIA 10) 31U [[24S g

‘(swmy/uonendod paigAper) ¢(swny/uonyeindod 1oasul 9jedS)

‘' S9XE Qwes Y} 39S

.. wa[qoid snouiss B oweosq urede 109sul 9IS dY) SIBA

A3313 ur aw 1811y 2Y3 10, 109SUI 3[BOS Y1 UBY) (I (] 03 2]qndaosns
osow Ie} sem pIlIgApe] oyl ‘Ajojeuniiojun ‘se sioquinu IdY)
aspa.ou1 0} Sem J[NS3I JOU Y] ‘I9AIMOH “Iayiing [[i1s uonendod
100SUl 9[BOS dY) UMOP Ind 0) AI} 0} pasn sem [ ‘Idie]
‘uonendod 109sur apeds ay) paosnpal AdInb siyl pue gg] ul
poonponut A[[edyyiiie sem ‘paiqApe| e ‘101epaid [Rinjeu S| "PaAI]
1 219UyMm SPIBYDIO SNLIID UBIUIOJI[BD) Y} AOIISIP 01 INOQE PIWIIS
1 [IUN I3QUINU U PISB3IdUl pUB 98] Ul BOLIdWY OlUl padnpojul
AJ[e1U9PIOOER SBM 103SUT J[BIS UOIYSNd Au0jl0d uelensny 9dyj,,

“(suwmy/mes3il ur ynd sao591d jJo 1oquinu)

..'198 no£ 131se] 91 OS pue YInoayl 3110S 0} dABY NOA SSI Y3 ‘Ul
ind noA sada1d a10w oY) 1nq Fu108 MmoTs A194 st SIY3 1811] 1y "s2991d
311U3D 3Y) YIIM I9PI0q dY3 U [[IJ 01 1IBIS [ UYL *9[qel 2Y3 JO 23pod
3y} punole I3pIog B JONIISUOD [ ‘pulj ued [ Sauo ay} [ 19y3a301
P2103[]02 aABY ] UdYAA "$9231d 98pa a3 1no Funios isnfl 0s 10 1noY
ue jjey 1s1j Y3 puads Ajjensn | ‘ojzznd mesSi{ e Suiop usym,,

(swny/sseid yo y3guay)

.. Ajpuanbayiy ssap Bunand
spasu 31 [[ods AIp 104 SIYl peY 9ABY 9m 2DUIS INq ‘Yoam AISAd
Zunno papaau 11 pue Appoinb £19A ma13 ume| Aw ‘3unids ayj uj,,

‘soxe
swes 9y} uo syderd om) Yyo1a)s 0} PIYSE 918 NOA JUSWIIL]S
1Se[ 9Y) 10 "S19¥JRIQ Ul UMOYS SI[QBIIBA ) I}IM SOXE INOA
[2qe ‘syuawdlels Juimor[oy ay) aednsny[i o3 sydeid yoiays

18 (82)



~

(0)

/)

(m

/)
D=3

(1)

A

(0)

()

N

(3)

(q)

S

(w)

<

(O

NN

(3uofe saounoq 11 se A1ea [[eq e Jo paads ay3 QI

{3uims e uo Area (i3 e Jo paads 2y}

6

"GR61 T WRYFUIMON JO ANISIDAIUM) “UONRDNPL] [RINRWAYIRIA 10} DU ) [124S

(4

(90rl

ay1 jo y33ud] 3y} uodn puadop 9oe1 B Suruuni 10y own oY1 g

oM

WwoIj pased[a1 A[MO[s S1 11k Se A1eA UOO|[eq © JO I91OWRIP 9Y) "/
¢3Y31am s1t uo puadap saorerod jo Seq e jo 15009yl g

" " S20p MOH

"210J2q se ‘ydeid 1s9q
3Y1 3so0yd pue ‘sprom ut A[[njared woys urejdxg ‘suaddey
leym Oprodp 03 saey nod ‘suonenys Juimo[oj ayl ujf

.o1qeyoad
Aeys 01 19p10 ur dud sleIdSpow B IFIRYD 910J9I5Y) ISNW
BWAUI Y "3SO[ [[Im A9Yy) ure3e pue puaie [im djdoad maj
uay3 Y3y 003 a1 A3y3 J1 ‘puey 19410 3y} uQ ‘Aduow 3soj [[Im

$19UMO Y} UIY) ‘MO| 00} 31e $93IBYD UOISSIWPE BWAUD J,; G

. gurdayd
pue Suipnejdde sem suoA1245 uoos pue ur pautol Iay punole
asoyy ‘Ajjenpeiny ‘depp o) uedaq oouaipne oyl ur uosiad

SUO U3YJ "IJUI[IS PIUUNIS B SBM JI3Y) 1190U0D Y} IV, §
.. uea ay1 ojul

PEO[ UBD 9M S9X0Q 910W 3Y1 USY} ‘218 SIX0Q 9y} I3[[BWS Y [,, '€
I

wema)n| ayjeo] [ Inq ‘y[iw 10y 10 yiw pjod Kolua aynb 1,, 7
.. 'STB2A A1} 1SBR] o)

3uunp swn Aue 18 uey) A|Mmols a10w JUISLI MOU D16 SAdLIY,, [

"UOISIdA

umo Inok meip ‘yuem nok ydeid ay) pury 10uued noA Jj
"ayew nok suondwnsse Aue Juirels ‘9310yd oAk uredxd
pue soxe oA [aqe| ‘ydeid oyl Ado) (‘uoneniis suo
uey) azouw 3y Aew sydeid rejnonied) ‘mo[aq paqriosap
suonenis ua) ayl Jo yoea 11y 03 ydeid 1saq ayy asooy))

19 (82)



1

*1091103 91k 3313k [[B NOA YoIym
sydeid 921y} 2onpoid 01 K11 ‘sinoqySiou InoA
Aq paonpoid ssoyy yum sydeid inof sredwo)

yoen guoje souelsiq €

paadg

‘9ew noA jey) suonduwnsse
Aue Apesp ayeis 'ydeid yoloys e yum pue
SPIOMm Ul Y10q 9sed Yyoed ut Iamsue Inok ureidxy

€ o) zunan) RIURN !

AY\\\WQW S

(aurod Sunieys = g) (mo[3q
UMEBIP S}NDID 221y} 3Y) JO yoBd punoie
dp; puo23s 2y} UO S[OABI} N SB AIBA [[Im
Ied Fuidel e Jo paads oyl Yulyl nok op moH

Suney 10J0]A

SHANLOId NOYA SHAVID ONIHDLAMS ¢V

"$861 ‘WeYBUNION Jo ANSIBAIU() ‘UONEINPH [EXNEWSYIRIN 10 21U [|9YS 5

v (duoje sydeisd ayy wouy
S1IQIO 3} 1ONISUOIAI AYS ue)) "INoqyJIau InoA 0}
sydei3 1noAk Kjuo aa1ny.uadvd fo 129ys a1vivdas v uo
‘sydeid 1104} yo19ys pue $}QIO UMO INOA JUIAUT MON

‘joue(d ay1 01 101BOU
$198 11 se sasearoul jeidddeds
3yl jo paads ayj j1 d8ueyd [[Im
sydel3 1ok moy moys ‘soxe
dwes Y] uo dul] panop e Juisn)

ST

///

o) ynum A1ea [[im 3oueld oy woiy 3jerdadeds

9yl JO 2doueisIp Yyl moy moys 0} sydeid om} yoloys
‘paads jueisuod e je 1oued

e 3unIqlo jyeldsoeds B smoys mo[oq SWweIFeIp ayj Jo yoeg

SIETY)

“Aonb arow suiny
[2aym ay1 Ji a8ueyod [im syderd 1ok moy aqiisa(g

‘9InuIw
e Suunp Area [m g
1edJ0 1Yy319y 9y} pue y
Ied jo 319y ayl yioq
moy moys o3 sydeid
om] 019YS ‘soxe
jo ared swes 2y} uQ
*SPU023s ()7 A19Ad 20UO
punol suin} weigeip

oyl ut [93ym Sig dYL
193YM 31g 3y L

20 (88)



£

“JIN0110 € 109(91 NOA SwIN) YoBd SUOSBII INOA UMOP I
‘sinoqySrou 1ok Yiim wofqoad siy) ssnosi(q

R RN
o m
VY

(punol uiog 11 sem SIINOIID 3S3aY] JO YIIYM

¥or1l oY) Fuoje aouelsi(q

paadg

py
.

*3oe1 e Jo de| puodas ay3 Junnp

sautea 1ed Juidel e Jo paads ay1 moy smoys mojaq ydeis oy

"6861 ‘wrey3uroN Jo AJISI9AIU) ‘uoleonpH [edSnRWIYIRA 10J 11Ud)) 1124S 5

. JINOII
Super fewiSuo ay) jo adeys 9yl JONIISUODIAI IYS UR))
-moqygiau 1noA 03 yded 1ok Ajuo sseq

“JINDIIO INOA punole s903 11 Se AIeA [[Im Jed € Jo paads oy
Moy moys 01 £adod fo 1aays apavdas v uo ydeisd e yo1ay§
"'SpuU2q InoJ

‘1S0Ul 1B ‘UM UMO INOK JO INDIID FUIdRI B JUSAUI MON

(M PINOYS (Puodas ay} uedaq 11 se
paads swes ay3 yirm dej payl oY) uidaq I1ed 9yl S0 —

{159110YS 3Y3 SI YOIy A
{1598u0] a3 st 3mdId 9y) jJo uontod  Jysrenss,, yolyp —

(Sno1a3uep 1sow Y} S puaq Yoiypy —
{IINDIID Y] UO JIdY] 916 Spudq AueW MO —

(de] puodas 10 1811 93 UO IBD YIS —

‘ydeisd yojoys In0K moupad
sayelsIw Aue puij nok I "3no1d 3yl Jo 3Injoid oyl 1k yoeq
Sunjoo| Aq 1omsue INOA Yooyd ‘SIY) SUOP dABY NOA UDYM
-yde1d yojoys ok e Kuo Jumjoo] suonsanb Fuimojjoy
oyl IIMSUE ‘SI (019YS INOA poo3 MmOy ISAO0JSIp O} I3pIO
uJ ‘3NoId pIyY) 9y} 10j maip nok ydeid ay) je urede oo

21 (88)



SWN[OA ! d E!
)
8.
X s
" 4 pue g 10} dIoW OMm] puy
Jwn[oA a 5
z ]
o
&
=3
@ pue ) 10} sydeid arow omj yo1aNs
JwnoA q \4
2.
< g

' pue v s1oyeaq "
1o} diysuonepar awnjoA-1ygdy oyl ]
MOYS ‘wp13pip awps 3y uo pue ‘yderd
oyl Adop 'n ojur paddup Ajpears
S1 19)eM SEB SalIeA X J19yeaq ul pinbij jo
Y319y ay1 moy smoys mo[aq ydeid oy,

9[10q 3y
ul swnjoa ay3 uodn spuadap pinbij oy
30 14319y 2y31 moy mouy 031 A1essadou
st )1 ‘spinbij ainseaw 03 pasn 9q Aew
11 1By} OS 9[110q ®© 31BIqI[[BD 01 I9pIO U]

sapnog Suliig

SINIIAVID LV ONIMOOT €V

"5861 ‘weyBumoN Jo ANSISAIN ‘UOHEINPT [EXHBWAYIBIA 10§ 31U [[9YS 5

‘sojdwexd owos melp 03 A1],
,ydeid ownjoa-1y3dioy
awres 9y} 9AI3 YoIym S3[110q JUISJJIp om} meIp 0} a[qissod 31 5]

‘opew SuIaq 318 SIOLID JeyMm ISA0ISIP 0} A1) ‘Jou JI
(sydeid oAk
A1uo Suisn sa[noq [eurduro ay3 Jo adeys ay) 1ONIISUOIAI Y UR)
‘moqy3diou 1ok o1 sydp.3 ay Kjuo ssed
-19ded jo 199ys
a1eredas v uo sydeid 119y} Yyo1ays pue S3[110qQ UMO INOA JUIAU]

22 (94)

*(8 ydei3 01 puodsai1105 jou S30p 3[110q
yur oy Aym uredxs :91) ydeid sury 1ySrenss e 9A13 J0u S0P SIPIS
Surdoys 1ySrens yim ap1oq e Aym urejdxa sayo31ays InoAk Juisp)

Vbl

J0 20uanbas Juimorioy ay1 103 sydeid yoloys meig .




"6861 ‘weySuliloN Jo AJISISAIUM ‘UONEINPH [EdIIBWIYIRIA IO 211U l12US )

€ [4
[puun} pad3n|g 3SBA
awn[oA QwIn[oA
3 m
E E
®
swn[oA Swn[OA owm[oA 1o)ong ysepj Suneiodeay
e E - =
= - <t
i S
(3) 6) (4) 7
SWNIOA L OWmIoA Jselj [eo1uo)y a0q yuJ
an) ) l
[ [¢]
0w )
M , = =
(p) ©)
JwINjOA swn[oA
"9 §OO[ p[noys
o - $9[310q a3 Jeym yo39ys ‘sydeid ¢ Suiurewas ay3 104
e.nno_“l om. ‘K11ea(o utuosear 1noAk urejdxg
= =
; *31110q yoea 10} ydeid 1091100 ay3 asooy)

(e) ‘sydeid g pue s3[3310q 9 1B AIOYH



!
yJew uoneuIWEXg

~

o® yopg

“jutod Sururewa ayy 10y 110das jooyds e dn ajeIA ‘plAR(
pueauuayye)) ‘Azng ‘xaly saweu 3yl yim siutod Inoj [aqeT "mojeq
ydei3 ay1 ur syurod ay) jo suo Aq pajuasaidail st 110dar jooyos yoeqg

gpoves wopovnoony Aupodiros
D PITID Y PV iy g
m Rgovosms prpam goy pumg

) ™MW mM

YN MOPOTMTID POYIAITM PTdp
POTTTP P I PTY 0 BATIY)

s ) v g

op Prm ys CH0e wow ym sasd
Rrvn 2v0 wapisstp mg an moreg pup
Wy vous sry Mg Csmoys Rrowp yrow
woxg sy v qdnd 290 Fi v Feng

D vrunoind wrewnwors o
w939 0 w1 prgomes oy snyy pup
My re mmdw mﬁ.&vﬁs vmg soy X3y

sj10day j00YydS ‘|
SINIOd ONILIYJYILNI

"686T ‘weySunoN Jo A)ISISAIU() ‘UONEINPH [EIBWAYIB 10] 211Ud)) 12uS g,

1%

" runt o gsy oyl jes 0y uidaq pue (D)
o uInal Aay)

0s ‘syreys a1zow 11oddns 03 pooj y8nous sureiuod mou eaie 3yl (4)
‘urege

douo saseasdur uonendod ysiy oyl ‘punore syleys ma} yip (J)
“9ABI[ 01 9PIDIP 210}J212Y] SYIeys AUBA

"syreys ayj [je 11oddns o3 Juaroyynsut st uoneindod ysy ayi- - ()

*[un ysy ays jo Auew 1ea syIeys ay L (D)
‘BaIR

ay1 131ud syleys ‘pooy 10} ysy jo Ajddns nynugjd e Fuisuasg (g)

"+ - eale 9y} ul ysiy jo Ajddns
juepunqe ue SI 319y ‘syJeys Auew jo ddudsqe ay) 01 ang (V)

(Aa1d) ysy jo 1oquny

)

<‘

(s101epaid)
syIeys Jo 1aquinN

v Kq $003
aun se aaow juiod syl s20p MOH
“jutod

e Aq ydei3 ay1 uo pajuasardar uddq
sey V JUdWIje)S ul uonenus YL
‘Ka1d ay1 ase ysiy ay1 pue siojepaid
Yyl ale syieys 9yjJ "jowvIdIUI
sa1oads om) uaym uaddey ued jeym
jo uonduosop payidus e s1 mojag

ysid pue syreys °p

24 (100)



"$861 ‘weySunioN JO A1SISAIU( ‘UONEBINPH [BONEBWAYIRIA 10) 211Ud)) IEL

C

(ssyour) 1sip1ej yo 1ydroy

25 (100)

¢l 0L 89 99 ¥9 29
| | | | | |
[ [ ]
c e e 9
e . ¢ . * °
(1191 NOA ued MO oL ote
(Kauows 10J onjea swes oyl 9418 pjnom s3eq omi yoiypy (9) DO 99
(1191 NOA Ued MOH o« ° Cce e . ° m.nm
¢Kauou 10y an[ea 193199 918 p[nom D 1o g Jo YIym  (3) Sl v S
¢1191 noK ued MOH . B P 89 2
(Kauow 10] anjea 13119q 9413 p[nom D) 10 J JO Ya1ypy () . R S I S ~
¢(2ooud awes oyl axe sSeq yoiypy (p) A S
J1ySrom awres ay) a1e s3eq yoiypn (9) D I 0. 5
¢ysadeayd oy st Jeq yorym (q) S N S
(1se1aeay ays st eq yargm (e) o o e <
-1e3ns jo Seq e sjuasardal ydeid siy) uo jutod yseq ° e ee 0 ° Zl
st—Oa L J [ ] L] [ L]
© ) ) 2
L ]
. | .
. 2 v (4deasd siy) wouay umeIp 3q UBD SUOISN[OUOD JIBYM ..
a 1507 . g pue vy siuiod inoqe Aes nok ued 1eyp .
(ysiay
3 J[Npe [N} 119y} paulelle pey A3yl UdYm PAINSBIW 319m SUOS IY])
"PAINSEAW 219M SUOS PUB SIdYIR] 76 “1udwiiadxd ue uf
E] v

Jz38ng jo sdeq °¢ JATeNpatay W8YH S| ‘T



elilg § suwrp
epy
) J0IUBIPH (3)
awl], owp
ey
01yS1o
(p) 19 347°H )
s, swl],
- 3eyy
(q) Joysioy (®)

3eyy
jJoySoy

3ep
Joysioy

3eyy
30 1Yoy

!
¢

‘urepdxg ¢onsirear 1sea oy st yded gorypy (1)

‘urejdxy ¢ Afreonsijeal jsow uonenyis siyy smoys ydeid yorgpy (1)

‘uesw pinom mo[aq sydeid ayj Jo yoes jeym spiom ut ureidxyg (1)

‘ajod3ery ay3 Jo doy sy 01 ey e is10Y 01
sey 1nods A0q 1sa3unoA oY) ‘dwred 1swwins 9y} uo ‘Jururow AId9Ag

8eyy ay) Sunsioy

S@IOM NOYA SHAVID ONIHIOLAAS

“GR6 1 ‘WrYSUNIoN JO ANSIDAIU[Y “UONBINP] [RINBWDYIBIA 10§ 211U [IPYS 5

Jyieq e ayel noA
131je pue Juunp *210joq ‘AIeA qniyieq IJNoA ul [9A9] 191BM YL 9

26 (102)

(dwn( reo1d£y e unnp A1ea 193nea-asjod e jo paads ay g ¢

,Aepinieg
[eo1dA} € Buninp A1ea 1oyrewradns e ut 9jdoad jo 1oquinu dyy ¢

(4eak Jo awn ayy uodn puadap 198 am 1ySijAep jJo Junowe oyl ¢

,darowelp
si uodn puadap ezzid e oyew 031 papadu y3nop Jo Junowe dY L

(@]

,98e yum A1ea 1ygoy Ino x|

T S0P MOH

‘yieaurapun sprom ur sydersd
mofk ureidxs pue ‘A[[njored> soxe INOA [9qeT] "PoA[OAUL
sdiysuonje[a1 sy} pue sd|qeLIeA 3y} UO dPIdAP O} dAeY noL

‘suonienyis Suimoj[oj ay3 arensnj[i 03 sydeid yo1oyg




({SA1101S 2}
3m 03 01 sydeisd 1091100 a3 3sooyd A3y} ue) ‘Inoqydiou
InoAk o1 souols oA sseqd ‘sydei§ Sumurewar ayl Jo
921y} Auedwodde 01 UMO INOA JO $31103s 92143 dn axjew MON

-
-\

M 1) (M

>
()
H@

-

Al

NN

*G861 "WEBYSUNION] JO AJISISATU[) ‘UONEINDPH [BIXIBWIYIRIA 10 911U 124S g,

[4

(91e1 Suryiesaiq/aiel 1aeay) aIe sojqeLiea oY) 3daoxa <G 10] S

(ueds opi1/93e1 11RSY) "9ZIS FUISBIIOUI YIIM SISBIIDIP
os[e 3uryieaiq Jo 9jel Y}—s)e3Qq1Ieay IN0J AI9AS UIYR) ST YIealq
Juo Ajrensn—jeaqireay yum pojdnoo st uonendsal sy 198u0j
U9A9 9[eym pue Jueyda[s sy) pue uaAds JIqQeI Y} ‘SIeaA I21Y)
ATUO I0J SAI[ JRI 9Y) Jey) pulj Im ‘quny) Jo J[nI e se 9y 13d
$183Q1IBaY UOIIW 9AI-A1UdM] YIIAN "JOMO[S JBdq S1IBay JIdy)
pUE S[eWIUE IS[[eWS UeYy) I93UO0] 9A1] S[ewTue 1931e] ‘[e1ouad ujy,,

(swm/aouelsIp) "uoISSas
® JO pud 9y} Ieau ] Se Ajenpeid umop mojs uayl pue paads
s1qeoywod e 0} dn piing ‘Ajmois Jjo 11e3s 03 An | ‘Suid3ofl uaypn

(3{10M JO KyndIIJIP/oN[eA [RUONIBINPD)
‘KynogyIp Jo [9A9] W3u oYy e yiom youd o031 jueyodun
0S SI 31 Aym SI jeY] "uied] j.uop noA urede ‘) puelsiopun
jouued nok jeyy INOYJIP Os SI J JI ‘puey IdYl0 3yl uQ ‘I
Surop woij JuryiAue ures| },Uop NoL ‘Asea 003 SI JIOM[OOYDS }]

(sonoead
0 1unouwre/Adusnyord) “1aylIng (s saoidwir 01 SI 31 INOYFIP
a10ow 9y} ‘398 noA 19139q 3y} 1BY) punoj aAey [ ing ‘ssardoid
pider K1aA opew A[[eniur | ‘re3ms oY) uIes| 0} paliels | USY M

(owmn/req
30 1yS1ay) ‘31 paddoip 9y yseid JUI[OIA B YIIm UdY) PUB ‘SPUODIS
Apeajsun maJ e 10J peay SIy I9A0 Ieq Yl p[ay I9Iydrom 3y

(9

(s

(¥

(¢

(T

(1

*A1InJ 11 ute|dxd PUB UOISISA UMO INOA MEBIP USY] ‘JuBM NOA
ydeid oyl puij Jouurd NOA J1 S19)98IQ Ul UMOYS SI[QRBLIBA Y]
Y Ajrespd saxe oyl joqe] pue ydeid oyl Ado) "mojaq paisy|
suonenis ay) Jo yoes aqusap o) ydeid 1saq ay1 asooy)

27 (102)



"G86T ‘WEYSUIMON JO AJISIDAIU[) “UOIIEINPH [BIHBWAYIBA 10] 213UdD) :o:m@

I
(wo) v woiy dueISIq

14 __ ol S .0
‘s3urpury InoA re dn ajuap
‘sydeid nayy pue syred 1oy3o0 Jurrojdxs sanunuo) . .
"SOIUBISIP OM] 3Y] . & (wo)
u2om19q diysuone[aI 9y} SaqQLIdSIP YdIym B[NWLIOJ B pulj 03 AI], g wolj
2oueIsI

‘A191eInooe syutod maj e Sunjojd Aq pue 3]qe) B UI SI9MSUR INOA ¢ ‘ ? ™d

Suip1ooar ‘suonisod snourea Jurinsesaw Aq Iomsue INoA x93y 01

(31ede wo g a1e g pUR V)

(wo) v woiy soueIsiqg JUSWIAINSEIW AQ JOMSUR INOA Y9942 MON

- OH 't 'y A A M A A A A o

< {19119] 1991100 3Y) YIm
i mo[9q ydeid ay3 uo juiod yoea joqe[ NOA ued ‘Jurrnseow JINOYIAN
” ‘1 pue s ‘1°b ‘d pojjoqe] saronied ¢ a1e 319Y) ‘oaoqe weigelp ayl uj W}
! . < Z

¢ 0

() 4 A
I g woij
| oouelsig S @
| 1O
01

v

10 v
*V Woj 9d0ueISIP oY) YIIM
K1eA M g wio1) 2due)SIp 3y Moy moys 03 ydeid ygnoi e yo1oys ,

:UOTIeNIS Yora 104

/()
‘syyed Jua19pIp JO syjed pue sapnJIed
1aqunu e Juoje Sutaow are saponred ‘391j00q JurKuedwosse ay) uf STANLOId INOUA SHAVAD ONIHILAMS



€

Jweigeip
oy} uo uonisod 9[qissod auo Ajuo aa18 ydeid ayy uo syurod yorgm

-q aponred 103 suonyisod arqissod
19yj0 Aue ul YIe (g PUe V Yl0q WOIj wd 4 SI yorym uornisod
Auo ay1 sy s] ‘umoys ud3q sey q spured jo uonisod suQ

-ydeid a3
uo SuoI3a1 UappIqIO] 3saY) Ul Ipeys ‘weiderp 9yl uo suonisod
arqissodwt 9A13 pnom yorym ydeid syy uo sjutod 19yjo ylew
03 A11 ¢S1yd St Aypp ¢rew 03 aqqissodunt are suonisod ysigm

*(noA 10j auop udaq sey q) weigerp puey Jysu
ay1 uo 3 pue p ‘0 ‘q ‘e sapnred aayy oy Jo suonisod ay) yIew 03 A1 ],

Me

(wd) v woij sdueIsi(g
L S 0
. P !
A4 o [
5 q “-w
el
© o
q [
weadeiq ydean

——

(wo) g woiy sdueIsig

"G86 1 “WRYSUINON] JO ANSISAIU[ *UONEBINDH [ed1IBWAYIRA 10} 213UdD) 119uS g,

[4

"ydeid oA 11 yoiym pulj ued NoA Jey) SBINWIOY AUB UMOP IILIAN

~ (w>)
[4 g wolj 2dueIsI(q

(wo)
V woij dduelsi(q

191qe) 2y} Ul way) SUIpI0da1
pue suonisod snouea Juunsedw AQq Iomsue INoA Yooy

(wd) v woiy duelsi(q
or S 0

2 " A A 4 " 2

(wo)
g wouy
souelsiq

‘uonow sy} ulnp y Wwolj dUeISIp
31 01 s?Je[a1 g W) dUBISIP Yl moy moys o) ydeid e yo1oyg

29 (104)

*

‘1481 01 1J9] WO} ‘AUl PAIOP Y1
Aq umoys yied ay1 Suoje Aimors Surtaous st x opo11ted ‘weideip siyy uj

l-"'-.l-'"'Ivll"'l-l""-'.‘l“-‘-"'-'-""

q

A4

X

«



Me

= ———
<e
o —

~— -
- - -

v (M

syjed pue sapnied

(P0d) STINLIId WOJA SHAVID ONIHOLANS

"6861 ‘WeySUNION JO ANSIGATU[) ‘UONEINDH [EDHBWIYIRI 10] 213U [19YS 5,

‘s3uipuij 1noA [je dn ajuupp

‘sydeid 1oy pue syled
Ioylo Juuojdxa anunuod MoN

~
w
e}
\\"l-'"’ a
- S )
(4 ~ o
’ N
4 \
4 \
/ \
[} \
\ \
'
g¢ ¢V
] 1
1}
\ ]
\ /
\ /
\ /
N\ Ve
N 7/

(1)



Q.

\ N .
\ -
/ aey "
/
\ \\l!ll.mll
\\, \\\\. /,//
7’ .
’ N
\ N
\ \
/ , //
/ \ |
4 _ | |
/ _ . ,,
\ ., | _
\ / 14 h
/ / \
/ / |
f // |
‘ ] \
I v // )
1 ] B
| o ~—— - »
_ \\\\ .IIII/ %\)
1 ) ) :
1 ) . g
| ) . :
| y /
_, , /
\ , /
| {
| \
| _
\ , | ~
\ (a) \ : |
\ , \ |
i . \\ <
| \
// \,
A /7
/’ \

(m)



‘CR61 mEmzwﬁ_:OZ Jo \Q_w.—ozcb .EOS&U—'—UW Jednewayiely 10y anua) __QLWQ

I 14
sty Sutop 10} poyrow noA urerdx g 'SINOA Y3im suonnjos 13y daedwo)
1ySiay s.uoojeg 's3]qe) InoA woiy sydeid yolays 01 A1l mou isnw dys
< "Inoqy3iau oA 03 $9;qv; 2yl
uozuoy Ajuo sseq ‘(suoneniis [ea1 juasaidal o) pasu jou op Aayl
oyl 01 uredy’) 1oded jo 190ys ojeredas e uo sydes3d 3uipuodsariod
doueisi(q 3yl Yo19)S pue ‘umo InoK Jo sa[qel swos dn ajyew MON

"UOZI1I0Y Y] 0] 2DUBISIP dY) pue
1Yoy s, uooqjeq ay1 uaamlaq diysuoneas ayl 3qudsap o1 ydead
ysnol e yo1ays 01 A1 ‘syuiod ay1 Fumojd Aj91eIndoe noynp

"9A0QE UMOYS J]qQB1 Y] 1B A[|NJIIRD YOO

dl 0001 | T - — () I (b) I ~
08 00S =
9¢ 001 X 0 X 0 )
sT 0S h Q
€C 0r
0¢ 0¢
A
91 0T ) A (0)
11 01 X 0 X 0
8 S
(wy) (w)
uozoy ay1 3oy £
01 douelsi(] [ s, uoojeg (u) A (wr)
$99S noA ued aej MOH
> ‘(suonenyis
‘ureIuod A3Y31 eyl spuail 1o surdlred Aue 19A00s1p 01 :1dwalie pue [ea1 jussaxdar 01 pasu jou op Adyy) :sydeid xis Buimojjo}
‘BJEP JO S3[qB) [BI9AIS 210[dX2 01 payse 2q [[Im NOA ‘13[)]00q SIY) U] 2y} 03 puodsaLIod (1M YoIYM sIequinu Jo sa[qel dn ayvws o) A1,

SATAVL WNOYA SHAVID ONIHOLAMS 14



0c- 011 9 0§ L

SL- 00l Rl - of e

06— 06 8¢~ 0g axaydsourye ay)

08— 08 0S— 0T ul J13y31y 03

95— 0L 3 — o1 no£ se SALABA

- 09 0z 0 sanje1adwd) Jawuns

o) ] @n | oo | @y 13n4ep moy
ammesadwa g [apminy ffosmesadwag jopnmingy

:91q®)

Suimorjoy ay1 ayensnyyr o1 ydeid e yolays pue A1 ‘Sumpopd inoynm

e
-\

(1)

™)

)

(

L

u)

L

6y

s\

=
171°

A
N
/

/\
v

*6861 ‘weySulloN JO ANSIdAIUN ‘UONEINPH [BONBWSYIRIA 10] 211U 1194S 5

[4
1 001 056 ov
[43 06 €96 0€
174 08 L6 0c
6LS 0L 8L6 01
808 09 6L6 S
€16 0s 0001 0
SIOAIAING SIOAIAING
1o 1quiny | (s1eak) a8y | jo raquuny | (s1e24) a8y

Kouepadxy a3y 9

- . . . sa12adg
ol o og | L1 S i 0 | joiaquny
0r61] 0£61 4 0T61 | 0161 J0061] 0681 | 0881 1PIA

PUE[S] J[UEI[0A € U0 3PS parg Jo Jdquny °S

o | st o fse oo ] s | oo :E%_w\mmw__ﬂ“ﬁ
t ol s vl e T ! (s1noy) aun |
"* 133 JO UL dUY), PPV ‘P
|l sl rejog] tc | 9ot o6 |t (wd) pdua
6 8 L 9 ¢ t ¢ | T | (squuow)ady
g 310Jgq mMa1nH h&@mﬁiom XY
9 | wus | s | wur| t | %ue| €| sac|(smoy)owry
oty st ot vt aajor}s o (a1) wdom

Aayan], Joj sawii], 3unjoo)) °T

144 6v 39 9 0L

6L 06

(,D) axnjeradwa]

¢ ST 0C Gl 0l

S 0

(sonurw) swn j

3yo) 3ugoo) |

InoA uredxa pue

“UOISIDA UMO
InoA melp ‘Juem nok ydeid oyl puy jouued nok J -ad10Yyd
‘AIeapd saxe oyl sweu ‘ydeid sjqeins jsow
ay) AdoDH -91qe1 auo ueyy aiow 3y Aew sydesd renonied
*MO]2q UMOYS S9]qe) 2Y) JO yoea 11j 03 (¢ 28ed uo uononajas
a1 woiy) ydeid yoays 1saq ay3 asooyd ‘unjoid jnoyiipp

33 (110)



*

to the horizon’? Does it increase or decrease?

TN T TN,

B1l. (contd) SOME HINTS ON SKETCHING GRAPHS FROM TABLES

Look again at the balloon problem, “How far can you see?”

The following discussion should help you to see how you can go about sketching
quick graphs from tables without having to spend a long time plotting points.

As the balloon’s height increases by equal amounts, what happens to the ‘distance

fit in with this overall trend?
e will the graph cross the axes?
If so, where?

Balloon’s height (m) 5 | 10]20 |30 |40 | 50 |100]500{1000
Distance to horizon (km) | 8 | 11|16 [20 |23 |25 36| 80| 112
T T T
§
Does this distance kY
increase by equal amounts? . . . g
2
—> 2
Q
Q
=
8
Z
a
[~
...or increase by greater S
and greater amounts?. . . E
(]
—> =
=
[}
Q
g
2
— T 7 T~
A 10 20 30 40
Balloon’s height
=
.. .or increase by smaller and 'g‘
smaller amounts? _§
[:::> £
2
0]
3]
Now ask yourself: g
e do the other numbers in the table é |

T 1
10 20 30 40
Balloon’s height

OShell Centre for Mathematical Education, University of Nottingham, 1985.
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DESIGNING A WATER TANK

2 metres

L T I I

A square metal sheet (2 metres by 2 metres) 1s to be made into an open-topped
water tank by cutting squares from the four corners of the sheet, and bending the
four remaining rectangular pieces up, to form the sides of the tank. These edges
will then be welded together.

*  How will the final volume of the tank depend upon the size of the squares cut
from the corners?

Describe your answer by:

a) Sketching a rough graph

b) Explaining the shape of your graph in words
c¢) Trying to find an algebraic formula

* How large should the four corners be cut, so that the resulting volume of the
tank is as large as possible?

©Shell Centre for Mathematical Education, University of Nottingham, 1985.
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DESIGNING A WATER TANK ... SOME HINTS

* Imagine cutting very small squares from the corners of the metal sheet. In
your mind, fold the sheet up. Will the resulting volume be large or small?
Why?

Now imagine cutting out larger and larger squares. . ..

What are the largest squares you can cut? What will the resulting volume be?

Sketch a rough graph to describe your thoughts and explain it fully in words
underneath:

Volume of
the
tank (m?)

\%

Length of the sides of the squares (m).

In order to find a formula, imagine cutting a square x metres by x metres
trom each corner of the sheet. Find an expression for the resulting volume.

* Now try plotting an accurate graph.
(A suitable scale is 1 cm represents 0.1 metres on the horizontal axis, and
1 cm represents 0.1 cubic metres on the vertical axis).

How good was your sketch?

*  Use your graph to find out how large the four corner squares should be cut,
so that the resulting volume is maximised.

©Ghell Centre for Mathematical Education, University of Nottingham, 1985.
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THE POINT OF NO RETURN

Imagine that you are the pilot of the light aircraft in the picture, which is capable
of cruising at a steady speed of 300 km/h in still air. You have enough fuel on
board to last four hours.

You take oft from the airfield and, on the outward journey, are helped along by
a 50 km/h wind which increases your cruising speed relative to the ground to 350
km/h.

Suddenly you realise that on your return journey you will be flying into the wind
and will therefore slow down to 250 km/h.

What is the maximum distance that you can travel from the airfield, and still
be sure that you have enough fuel left to make a safe return journey?

Investigate these “points of no return’ for different wind speeds.

OShell Centre for Mathematical Education, University of Nottingham, 1985.
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*

Distance from airfield (kilometres)

THE POINT OF NO RETURN. .. SOME HINTS

Draw a graph to show how your distance from the airfield will vary with time.
How can you show an outward speed of 350 km/h?
How can you show a return speed of 250 km/h?

800

700

600

500

400

0 2 3 4
Time (hours)

Use your graph to find the maximum distance you can travel from the
airfield, and the time at which you should turn round.

On the same graph, investigate the "points of no return’ for different wind
speeds. What kind of pattern do these points make on the graph paper?
Carn you explain why?

Suppose the windspeed is w km/h,
the "point of no return’ is ¢ km from the airfield
and the time at which you should turn round is ¢ hours.

Write down two expressions for the outward speed of the aircraft,
one involving w and one involving d and .

Write down two expressions for the homeward speed of the aircraft,
one involving w and one involving d and ¢.

Try to express d in terms of only ¢, by eliminating w from the two resulting
equations.

Does this explain the pattern made by your "points of no return’?

©Shell Centre for Mathematical Education, University of Nottingham, 1985.
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“WARMSNUG DOUBLE GLAZING”

(The windows on this sheet are all A
drawn to scale: 1 cm represents 1 foot).

How have "“Warmsnug' arrived at £88
the prices shown on these windows?

Which window has been given ?

an incorrect price? How much
should it cost?

Explain your reasoning clearly.

§oh

£84

©Shell Centre for Mathematical Education, University of Nottingham, 1985.
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“WARMSNUG’”’ DOUBLE GLAZING ... SOME HINTS

Write down a list of factors which may affect the price that “Warmsnug” ask
for any particular window:

e.g. Perimeter,
Area of glass needed,

Using your list, examine the pictures of the windows in a systematic manner.

Draw up a table, showing all the data which you think may be relevant.
(Can you share this work out among other members of your group?)

*  Which factors or combinations of factors is the most important in
determining the price?

Draw scattergraphs to test your ideas. For example, if you think that the
perimeter is the most important factor, you could draw a graph showing:

Cost
of
window

Perimeter of window

*  Does your graph confirm your ideas? If not, you may have to look at some
y grap y y y
other factors.

* Try to find a point which does not follow the general trend on your graph.
Has this window been incorrectly priced?

* Try to find a formula which fits your graph, and which can be used to predict
the price of any window from its dimensions.

©Shell Centre for Mathematical Education, University of Nottingham, 1985.
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issues.

Here are three to start you off:

PRODUCING A MAGAZINE

1 a) Make a list of all the important decisions they must make.

For example,

to illustrate it.

Write down other relationships you can find
and sketch graphs in each case.

How long should the magazine be? (! pages)
How many writers will be needed? (w writers)
How long will it take to write? (¢ hours)
b) Many items in your list will depend on other items.
For a fixed number of people involved, N
the longer the magazine, the longer =
it will take to write.
For a fixed length of magazine,
the more writers there are, ... g
o
=
Complete the statement, and sketch a graph -

A group of bored, penniless teenagers want to make some money by producing
and selling their own home-made magazine. A sympathetic teacher offers to
supply duplicating facilities and paper free of charge, at least for the first few

[ pages

. 7
w writers

)

2 The group eventually decides to find out how many potential customers
there are within the school, by producing a sample magazine and conducting
a survey of 100 pupils, asking them **Up to how much would you be prepared
to pay for this magazine?" Their data is shown below:

Selling price (s pence)

Nothing | 10 |20

30

40

Number prepared to pay this price (n people)

100 82 |58

40

18

profit?

10p per magazine for paper and duplicating.

How much should they sell the magazine for now?

How much should they sell the magazine for in order to maximise their

3 After a few issues, the teacher decides that he will have to charge the pupils

©Shell Centre for Mathematical Education, University of Nottingham, 1985.

51 (158)




PRODUCING A MAGAZINE. .. SOME HINTS

1 Here is a more complete list of the important factors that must be taken into

account:
Who is the magazine for? (schoolfriends?)
What should it be about? (news, sport, puzzles, jokes . .?)
How long should it be? (! pages)
How many writers will it need?  (w writers)
How long will it take to write? (t hours)

How many people will buy it? (n people)
What should we fix the selling

price at? (s pence)
How much profit will we make
altogether? (p pence)
How much should we spend on
advertising? (a pence)

Can you think of any important factors that are still missing?

Sketch graphs to show how: ¢ depends on w; w depends on /;
n depends on s; p depends on s; n depends on a.

Explain the shape of each of your graphs in words.

2 * Draw a graph of the information given in the table of data.
Explain the shape of the graph.

* What kind of relationship is this?
(Can you find an approximate formula which relates n to s?)

From this data, draw up a table of values and a graph to show how the
profit (p pence) depends on the selling price (s pence).
(Can you find a formula which relates p and s?)

Use your graph to find the selling price which maximises the profit made.

3 Each magazine costs 10p to produce.
*  Suppose we fix the selling price at 20p.

How many people will buy the magazine? How much money will be
raised by selling the magazine, (the ‘revenue’)? How much will these
magazines cost to produce? How much actual profit will therefore be
made?

Draw up a table of data which shows how the revenue, production costs
and profit all vary with the selling price of the magazine.

Draw a graph from your table and use it to decide on the best selling price
for the magazine.

©Shell Centre for Mathematical Education, University of Nottingham, 1985.
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THE FFESTINIOG RAILWAY
This railway line is one of the most famous in Wales.
Your task will be to devise a workable timetable for

running this line during the peak tourist season.

The following tacts will need to be taken into account:— 1

) ) Tanygrisiau
There are 6 main stations along the 13Y2 mile track:
Blaenau
(The distances between them are shown in miles) Ffestiniog
Tan-y-Bwich g FEN
Porthmadog Penrhyn TN

Vs 4V,

D) Minffordd

Three steam trains are to operate a shuttle service. This means that they will
travel back and forth along the line from Porthmadog to Blaenau Ffestiniog with
a 10-minute stop at each end. (This should provide enough time for drivers to
change etc.)

The three trains must start and tinish each day at Porthmadog.

The line is single-track. This means that trains cannot pass each other, except at
specially designed passing places. (You will need to say where these will be
needed. You should try to use as few passing places as possible.)

Trains should depart from stations at regular intervals if possible.

The journey from Porthmadog to Blaenau Ffestiniog is 65 minutes (including
stops at intermediate stations. These stops are very short and may be neglected in
the timetabling).

“ The first train of the day will leave Porthmadog at 9.00 a.m.

The Jast train must return to Porthmadog by 5.00 p.m. (These times are more
restricted than those that do, in fact, operate.)

©Shell Centre for Mathematical Education, University of Nottingham, 1985.
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THE *“FFESTINIOG RAILWAY”’ ...SOME HINTS

Use a copy of the graph paper provided to draw a distance-time graph for the
9.00 a.m. train leaving Porthmadog.

Try to show, accurately:

The outward journey from Porthmadog to Blaenau Ffestiniog.
The waiting time at Blaenau Ffestiniog.

The return journey from Blaenau Ffestiniog to Porthmadog.
The waiting time at Porthmadog . . . and so on.

What is the interval between departure times from Porthmadog for the above
train?

How can we space the two other trains regularly between these departure times?
Draw similar graphs for the other two trains.

How many passing places are needed? Where will these have to be?

From your graph, complete the following timetable:

Miles Station Daily Timetable

0 Porthmadog d 109.00
2 Minffordd d
3Ys Penrhyn d
7Y2 Tan-y-Bwlich d
12% Tanygrisiau d
132 Blaenau Ffestiniog a
0 Blaenau Ffestiniog d
1Y Tanygrisiau d
6 Tan-y-Bwich d
10Ya Penrhyn d
11Y2 Minffordd d
132 Porthmadog a

Ask your teacher for a copy of the real timetable, and write about how it
compares with your own.

©Shell Centre for Mathematical Education, University of Nottingham, 1985.
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Monday 15 July to Friday 30 August
(Also Spring Holiday Week Sunday 26 May ta Thursday 30 May)

MONDAYS TO THURSDAYS FRIDAYS, SATURDAYS AND SUNDAYS
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CARBON DATING

Carbon dating is a technique for discovering
the age of an ancient object, (such as a bone
or a piece of furniture) by measuring the
amount of Carbon 14 that it contains.

While plants and animals are alive, their
Carbon 14 content remains constant, but when
they die it decreases to radioactive decay.

The amount, a, of Carbon 14 in an object
t thousand years after it dies is given by
the formula:

a= 153 % 0.886!

(The quantity ““‘a’” measures the rate of Carbon 14 atom disintegrations and this
is measured in ““‘counts per minute per gram of carbon (cpm)”’)

1 Imagine that you have two samples of wood. One was taken from a fresh tree
and the other was taken from a charcoal sample found at Stonehenge and is
4000 years old.

How much Carbon 14 does each sample contain? (Answer in cpm’s)

How long does it take for the amount of Carbon 14 in each sample to be
halved?

These two answers should be the same, (Why?) and this is called the half-life
of Carbon 14.

2 Charcoal from the famous Lascaux Cave in France gave a count of2.34 cpm.
Estimate the date of formation of the charcoal and give a date to the
paintings found in the cave.

i as

3 Bones A and B are x and y thousand years old respectively. Bone A contains
three times as much Carbon 14 as bone B.

What can you say about x and y?
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CARBON DATING. .. SOME HINTS

Using a calculator, draw a table of values and plot a graph to show how the
amount of Carbon 14 in an object varies with time.

t(1000°sofyears) (O |1 |2 |3 |4 |56 |7 |8]9([10(...]17
a (c.p.m)

15

10

W

Amount of Carbon 14 in object (cpm/g) = a

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Age of object (in 1000’s of years) = ¢

Use your graph to read off answers to the questions.
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DESIGNING A CAN

A cylindrical can, able to contain half a litre of drink, is to be manufactured from
aluminium. The volume of the can must therefore be 500 cm?.

* Find-the radius and height of the can which will use the least aluminium, and
therefore be the cheapest to manufacture. (i.e., find out how to minimise the
surface area of the can).

State clearly any assumptions you make.
What shape is your can? Do you know of any cans that are made with this

shape? Can you think of any practical reasons why more cans are not this
shape?
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DESIGNING A CAN... SOME HINTS

*  You are told that the volume of the can must be 500 cm”.
If you made the can very tall, would it have to be narrow or wide? Why?
If you made the can very wide, would it have to be tall or short? Why?

Sketch a rough graph to describe how the height and radius of the can have to
be related to each other.

* Let the radius of the can be r cm, and the height be A cm.
Write down algebraic expressions which give
— the volume of the can

— the total surface area of the can, in terms of r and A.
(remember to include the two ends!).

* Using the fact that the volume of the can must be 500 cm?, you could
either: — try to find some possible pairs of values for r and A
(do this systematically if you can).
— for each of your pairs, find out the corresponding surface area.
or: — try to write one single expression for the surface area in terms of 7,
by eliminating /4 from your equations.

Now plot a graph to show how the surface area varies as r is increased, and
use your graph to find the value of r that minimises this surface area.

Use your value of r to find the corresponding value of 4. What do you notice
about your answers? What shape is the can?
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your company:

MANUFACTURING A COMPUTER

Imagine that you are running a small business which assembles and sells two
kinds of computer: Model A and Model B (the cheaper version). You are only
able to manufacture up to 360 computers, of either type, in any given week.

The following table shows all the relevant data concerning the employees at

correcting any
faults in the
computers before
they are sold

Job Title | Number of people Job description | Pay Hours
doing this job worked
Assembler 100 This job involves £100 36 hours
putting the computers | per week | per week
together
Inspector 4 This job involves £120 35 hours
testing and per week | per week

The next table shows all the relevant data concerning the manufacture of the

computers.
Model A Model B

Total assembly time in man-hours 12 6
for each computer

Total inspection and correction time 10 30
in man-minutes for each computer

Component costs for each computer £80 £64
Selling price for each computer £120 £88

of Model B each week.

worrying situation?

* What profit are you making at the moment?

At the moment, you are manufacturing and selling 100 of Model A and 200

* How many of each computer should you make in order to improve this

*  Would it help if you were to make some employees redundant?

OGhell Centre for Mathematical Education, University of Nottingham, 1985.
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MANUFACTURING A COMPUTER ... SOME HINTS
1 Suppose you manufacture 100 Model A’s and 200 Model B’s in one week:

* How much do you pay in wages?
*  How much do you pay for componemts?
*  What is your weekly income?

*  What profit do you make?

2 Now suppose that you manufacture x Model A and y Model B computers
each week.

*  Write down 3 inequalities involving x and y. These will include:
— considering the time it takes to assemble the computers, and the total
time that the assemblers have available.
— considering the time it takes to inspect and correct faults in the
computers, and the total time the inspectors have available.

Draw a graph and show the region satisfied by all 3 inequalities:

400

300
Number of
Model B
computers
manufactured 200
)

100

0 100 200 300 400

Number of Model A computers manufactured (x)

3 Work out an expression which tells you the profit made on x Model A and
y Model B computers.

4 Which points on your graph maximise your profit?
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THE MISSING PLANET 1.

In our solar system, there are nine major planets, and many other smaller bodies
such as comets and meteorites. The five planets nearest to the sun are shown in

the diagram below.

Mercury

Jupiter

Between Mars and Jupiter lies a belt of rock fragments called the ‘asteroids’.
These are, perhaps, the remains of a tenth planet which disintegrated many
years ago. We shall call this, planet ‘X’. In these worksheets, you will try to
discover everything you can about planet ‘X’ by looking at patterns which occur

in the other nine planets.

How far was planet ‘X’ from the sun, before it disintegrated?

The table below compares the distances of some planets from the Sun with that
of our Earth. (So, for example, Saturn is 10 times as far away from the Sun as the
Earth. Scientists usually write this as 10 A.U. or 10 ‘Astronomical Units’).

Can you spot any pattern in
the sequence of approximate
relative distances.

Can you use this pattern to
predict the missing figures?
So how far away do you think
planet ‘X’ was from the Sun?
(The Earth is 93 million miles
away)

Check your completed table
with the planetary data
sheet.

Where does the pattern seem
to break down?

Planet |Relative Distance from Sun, approx
(exact figures are shown in brackets)

Mercury ?

Venus 0.7 (0.72)

Earth 1 (1)

Mars 1.6 (1.52)

Planet X ?

Jupiter | 5.2 (5.20)

Saturn 10 (9.54)

Uranus 19.6 (19.18)

Neptune ?

Pluto ?
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THE MISSING PLANET ... SOME BACKGROUND INFORMATION

In 1772, when planetary distances were still only known in relative terms, a
German astronomer named David Titius discovered the same pattern as the one
you have been looking at. This ‘law’ was published by Johann Bode in 1778 and
is now commonly known as “Bode’s Law”. Bode used the pattern, as you have
done, to predict the existence of a planet 2.8 AU from the sun. (2.8 times as far
away from the Sun as the Earth) and towards the end of the eighteenth century
scientists began to search systematically for it. This search was fruitless until
New Year’s Day 1801, when the Italian astronomer Guiseppe Piazzi discovered
a very small asteroid which he named Ceres at a distance 2.76 AU from the
Sun—astonishingly close to that predicted by Bode’s Law. (Since that time,
thousands of other small asteroids have been discovered, at distances between
2.2 and 3.2 AU from the sun.)

In 1781, Bode’s Law was again apparently confirmed, when William Herschel
discovered the planet Uranus, orbitting the sun at a distance of 19.2 AU, again
startlingly close to 19.6 AU as predicted by Bode’s Law. Encouraged by this,
other astronomers used the ‘law’ as a starting point in the search for other distant
planets.

However, when Neptune and Pluto were finally discovered, at 30 AU and 39
AU from the Sun, respectively, it was realised that despite its past usefulness,
Bode’s ‘law’ does not really govern the design of the solar system.
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66 (184)



THE MISSING PLANET 2.

Look at the Planetary data sheet, which contains 7 statistics for each planet.

The following scientists are making hypotheses about the relationship between
these statistics:

The smaller
the planet

the slower it
spins.

The further a
planet is away from
the Sun, the longer
it takes to orbit
the Sun.

Bigger
planets
have more
moons.

&
&7

* Do you agree with these hypotheses? How true are they? (Use the data
sheet)

* Invent a list of your own hypotheses.
Sketch a graph to illustrate each of them.

One way to test a hypothesis is to draw a scattergraph. This will give you some
idea of how strong the relationship is between the two variables.

For example, here is a ‘sketch’ scattergraph testing the hypothesis of scientist A:

N
Notice that:

There does appear to be a
relationship between the distance

a planet is from the Sun and the
time it takes to orbit once. The
hypothesis seems to be confirmed.

X Neptune
Pluto x

We can therefore predict the orbital
time for Planet X. It should lie
between that of Mars (2 years) and
Jupiter (12 years). (A more accurate
statement would need a more accurate

graph.)

Time to orbit sun
% Uranus

X Saturn

X Mercury

K Venus

X Earth

X Mars

2 |Planet X?
X Jupiter

Distance from sun

® Sketch scattergraphs to test your own hypotheses. What else can be found
out about Planet X? What cannot be found?
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THE MISSING PLANET 3.

After many years of observation the famous
mathematician Johann Kepler (1571-1630)
found that the time taken for a planet to orbit
the Sun (7 years) and its average distance
from the Sun (R miles) are related by the
formula

R =K )
? where K is a constant value.

* Use a calculator to check this formula from the data sheet, and find the value
of K.

Use your value of K to find a more accurate estimate for the orbital time (7)
of Planet X. (You found the value of R for Planet X on the first of these
sheets).

*  We asserted that the orbits of planets are ‘nearly circular’. Assuming this is
so, can you find another formula which connects

— The average distance of the planet from the Sun (R miles)
— The time for one orbit (7 years)
— The speed at which the planet ‘flies through space’ (V miles per hour)?

(Hint: Find out how far the planet
moves during one orbit. You can
write this down in two different
ways using R, T and V)

(Warning: T'is in years, V is in
miles per hour)

<

planet

Use a calculator to check your formula from the data sheet.
Use your formula, together with what you already know about R and 7, to
find a more accurate estimate for the speed of Planet X.

*  Assuming that the planets are spherical, can you find a relationship

connecting
— The diameter of a planet (d miles)

— The speed at which a point on the equator spins (v miles
per hour)

— The time the planet takes to spin round once (¢t hours)?

Check your formula from the data sheet.
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FEELINGS

These graphs show how a girl’s feelings varied
during a typical day.

Her timetable for the day was as follows:

7.00 am
8.00 am
9.00 am
9.30 am
10.30 am
11.00 am
12.00am
1.30 pm
2.45pm
3,00 pm
4.00 pm
6.00 pm
7.00 pm
10.30 pm

woke up

went to school
Assembly
Science

Break

Maths
Lunchtime
Games

Break

French

went home
did homework
went 10-pin bowling
went to bed

Happya

Mood

Sad

Full of
energy

Energy

Exhausted ¥

—

—

67891011121 23456789101

Time of day

—+

Hunger

Starving

67 8 9

I

101

1121 2 345 67 8 91011
Time of day

e

y
6 7 8 9101112 1

234356789
Time of day

(a)

(b)

Try to explain the shape
of each graph, as fully as
possible.

How many meals did she eat?

Which meal was the biggest?

Did she eat at breaktimes?

How long did she spend
eating lunch?

Which lesson did she enjoy
the most?

When was she ‘‘tired and
depressed?”’” Why was this?

When was she “hungry but
happy?” Why was this?

Make up some more questions
like these, and give them to
your neighbour to solve.

Sketch graphs to show how
your feelings change during
the day. See if your
neighbour can interpret them
correctly.
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Number of vehicles on the road

road. The results were published in
the form of the graph which shows the
number of cars using the road at any
specified time during a typical
Sunday and Monday in June.

5001

2001

1007

THE TRAFFIC SURVEY

survey was conducted to discover the
lume of traffic using a particular

Try to explain, as fully as possible, the shape of the graph.
Compare Sunday’s graph with Monday’s. What is suprising?

Where do you think this road could be? (Give an example of a road you

know of, which may produce such a graph.)

9
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THE MOTORWAY JOURNEY

Petrol in my car (gallons)

0 50 100 150 200 250
Distance travelled in miles

The above graph shows how the amount of petrol in my car varied during a
motorway journey.

Write a paragraph to explain the shape of the graph. In particular answer the
following questions:

How much petrol did I have in my tank after 130 miles?

My tank holds about 9 gallons. Where was it more than half full?
How many petrol stations did I stop at?

At which station did I buy the most petrol? How can you tell?

If I had not stopped anywhere, where would I have run out of petrol?
If I had only stopped once for petrol, where would I have run out?
How much petrol did I use for the first 100 miles?

How much petrol did I use over the entire journey?

How many miles per gallon (mpg) did my car do on this motorway?

O 00 1 O b W

I left the motorway, after 260 miles, I drove along country roads for 40 miles and
then 10 miles through a city, where I had to keep stopping and starting. Along
country roads, my car does about 30 mpg, but in the city it’s more like 20 mpg.

10 Sketch a graph to show the remainder of my journey.
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GROWTH CURVES

Paul and Susan are two fairly typical people. The following graphs compare how
their weights have changed during their first twenty years.

80
70 Paul
. Susan ——— —
E 60 =
e e
on =
S 50 47/
= 1 I/
= 40 LA
5 A L7
5 VA //
= 30 /
//’
V3
20 /f <
10 =
-
0 5 10 15 20

Age in years

Write a paragraph comparing the shape of the two graphs. Write down
everything you think is important.

Now answer the following:

How much weight did each person put on during their “*secondary school”
years (between the ages of 11 and 18)?

When did Paul weigh more than Susan? How can you tell?

When did they both weigh the same?

When was Susan putting on weight most rapidly?

How can you tell this from the graph?

How fast was she growing at this time? (Answer in kg per year).

When was Paul growing most rapidly? How fast was he growing at this time?
Who was growing faster at the age of 14? How can you tell?

When was Paul growing faster than Susan?

Girls tend to have boyfriends older than themselves. Why do you think thisis
s0? What is the connection with the graph?
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ROAD ACCIDENT STATISTICS

The following four graphs show how the number of road accident casualties per
hour varies during a typical week.

Graph A shows the normal pattern for Monday, Tuesday, Wednesday and
Thursday.

3k

Which graphs correspond to Friday, Saturday and Sunday?

* Explain the reasons for the shape of each graph, as fully as possible.

*  What evidence is there to show that alcohol is a major cause of road

accidents?
Graph B
Graph A 120
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=
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THE HARBOUR TIDE

The graph overleaf, shows how the depth of water in a harbour varies on a
particular Wednesday.

1 Write a paragraph which describes in detail what the graph is saying:

When is high/low tide? When is the water level rising/falling?
When is the water level rising/falling most rapidly?
How fast is it rising/falling at this time?

What is the average depth of the water? How much does the depth vary
from the average?

2 Ships can only enter the harbour when the water is deep enough. What
factors will determine when a particular boat can enter or leave the harbour?

The ship in the diagram below has a draught of 5 metres when loaded with
cargo and only 2 metres when unloaded.

Discuss when it can safely enter and leave the harbour.

Harbour depth

Draught T

Make a table showing when boats of different draughts can safely enter and
leave the harbour on Wednesday.

3 Try to complete the graph in order to predict how the tide will vary on
Thursday. How will the table you draw up in question 2 need to be adjusted
for Thursday? Friday? ...

4 Assuming that the formula which fits this graph is of the form

d = A + Bcos(28t + 166)°
(Where d = depth of water in metres
¢t = time in hours after midnight on Tuesday night)

Can you find out the values of A and B?
How can you do this without substituting in values for ¢?
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ALCOHOL

Read through the data sheet carefully, and then try to answer the following
questions:

Using the chart and diagram on page 2, describe and compare the
effects of consuming different quantities of different drinks.
(eg: Compare the effect of drinking a pint of beer with a pint of whisky)

Note that 20 fl oz = 4 gills = 1 pint.
Illustrate your answer with a table of some kind.

An 11 stone man leaves a party at about 2 am after drinking 5 pints of
beer. He takes a taxi home and goes to bed. Can he legally drive to
work at 7 am the next morning? When would you advise him that he is
fit to drive? Explain your reasoning as carefully as possible.

The five questions below will help you to compare and contrast the information
presented on the data sheet.

1 Using only the information presented in words by the “Which?”’ report,

draw an accurate graph showing the effect of drinking 5 pints of beer
at2 am.

a) What will the blood alcohol level rise to?
b) How long will it take to reach this level?
c¢) How quickly will this level drop?

d) Whatis the legal limit for car drivers? How long will this person remain
unfit to drive? Explain your reasoning.

2 Using only the formula provided,
draw another graph to show the effect of drinking 5 pints of beer.
How does this graph differ from the graph produced above?
Use your formula to answer 1a) b) c) d) again.
Compare your answers with those already obtained.

3 Using only the table of data from the AA book of driving,

draw another graph to show the effect of an 11 stone man drinking 5 pints of
beer.

Compare this graph to those already obtained.

Answer la) b) ¢) d) from this graph, and compare your answers with those
above.
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ALCOHOL (continued)

4 Compare the graph taken from the Medical textbook with those drawn for
questions 1, 2 and 3. Answer question 1a) b) c¢) and d) concerning the 11
stone man from this graph.

S Compare the advantages and disadvantages of each mode of representation:
words, formula, graph and table, using the following criteria:

Compactness (does it take up much room?)

Accuracy (is the information over-simplified?)
Simplicity (is it easy to understand?)

Versatility (can it show the effects of drinking different

amounts of alcohol easily?)

Reliability (which set of data do you trust the most?
Why? Which set do you trust the least? Why?)

A business woman drinks a glass of sherry, two glasses of table wine
and a double brandy during her lunch hour, from 1 pm to 2 pm. Three
hours later, she leaves work and joins some friends for a meal, where
she drinks two double whiskies.

Draw a graph to show how her blood/alcohol level varied during the
entire afternoon (from noon to midnight). When would you have
advised her that she was unfit to drive?
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A SUGGESTED PROGRAMME OF MEETINGS ON THE MODULE

One way to explore the contents of ‘The Language of Functions and Graphs’ is to
arrange a series of departmental meetings. A possible programme is outlined below.

Meeting 1 What’s in the Box?

e Identify the contents of the box and browse through it.

e Consider which classes will use the materials first and arrange that, if possible,
two or more colleagues try out worksheets Al and A2 (pages 64 and 74 of the
main module book) so that their experiences may be discussed at the next
meeting.

e Arrange for everyone to have access to the materials over the next few days.
Meeting 2 Looking at the Video (issues 1 and 2)

e Compare notes and experiences with Worksheet A1 and Worksheet A2.

e Having used Worksheet A2 with classes it will be of interest to see the beginning
of the video tape. This commences with two teachers and their classes working
with Worksheet A2 followed by discussion. Join in the discussion at pauses 1 and
2 on the tape.

® Plan to use further materials, including Worksheet AS, in parallel with
colleagues.

Meeting 3 Looking at the Video (issues 3 and 4)

e Compare classroom experiences, including sessions using Worksheet AS.

e View the rest of the video tape which shows different approaches to Worksheet
A5 and further discussion. Join in discussion pauses 3 and 4.

® Plan some further parallel classroom explorations.
Meeting4 How Can the Micro Help?

e Compare classroom experiences.

e Explore the microcomputer programs using the supporting booklets, and
Chapter 4 (this could well take two lunchtime periods).

e Plan some further parallel classroom explorations, using the micro if possible.
Meeting 5 Tackling a Problem in a Group

e Compare classroom experiences.

® The activity on page 207 of the main module book suggests a problem to tackle
together with colleagues. If possible tape record some of the group discussion to
analyse in the next meeting.

® Plan some further parallel classroom explorations, using groupwork if possible.
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Meeting 6 Ways of Working in the Classroom

e Compare classroom experiences.

e Consider Chapter 3 of the Support Materials on page 218 of the main module
book. If you have recorded group discussion from Meeting 5, select 3-5 mins. of it
to analyse using the schemes on page 221.

® Discuss ways of managing classroom discussion. Refer to the checklist on the
inside back cover of the main module book.

e Plan some further parallel classroom experiences, including whole class
discussion, if possible.

Meeting 7 Assessing the Examination Questions

e Compare classroom experiences.

e Chapter 5 of the Support Materials page 234 of the main module book offers a set
of activities to clarify the assessment objectives of the materials and gives
children’s scripts for a ‘marking’ exercise. These scripts are also provided in the
pack of ‘Masters for Photocopying’.

e Plan further activities and meetings.
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Distance along the road in metres

320
250
240
200—
a0
120— :
80—

40— -

o 1 2 3 4 5 86 7 8 g 10 1 12

Time in seconds.

OShell Centre for Mathematical Education, University of Nottingham, 1985.
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Distance in metres

400} | SN i s
—
360 - |
] | ——
320 —
280 —
240 ——
1
200 —F
160+ —.__:»___l-_
120 ;
80 ——
40 ——
0- o ——— —,
1 2345678 91011121314 1516

Time 1n seconds

©Shell Centre for Mathematical Education, University of Nottingham, 1985.
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Teaching Strategic Skills — Publications List

Problems with Patterns and Numbers — the "blue box" materials

School Pack — Problems with Patterns and Numbers 165 page teachers'
book and a pack of 60 photocopying masters.

Software Pack — Teaching software and accompanying teaching notes. The
disc includes SNOOK, PIRATES, the SMILE programs CIRCLE, ROSE
and TADPOLES, and four new programs* KAYLES, SWAP, LASER and
FIRST. Available for BBC B & 128, Nimbus, Archimedes and Apple II

(* the Apple disc only includes the five original programs).

Video Pack — A VHS videotape with notes.

The Language of Functions and Graphs - the "red box" materials

School Pack — The Language of Functions and Graphs 240 page teachers'
book, a pack of 100 photocopying masters and an additional booklet Traffic:
An Approach to Distance-Time Graphs.

Software Pack — Teaching software and accompanying teaching notes. The
disc includes TRAFFIC, BOTTLES, SUNFLOWER and BRIDGES.
Available for BBC B & 128, Nimbus, Archimedes and PC.

Video Pack — A VHS videotape with notes.

For current prices and further information please write to: Publications
Department, Shell Centre for Mathematical Education, University of Nottingham,
Nottingham NG7 2RD, England.



