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Algebra: Lesson 10A

Drinking trough

A drinking trough is filled with water from a tap.
When the tap is full on, it takes 1 minute to fill the trough.

The diagram below shows the cross-section of the trough.
It also shows a graph for the height of  
water in the trough at different times  
after the tap has been turned full on.
The two points shown on the graph are  
for when the tap has just been turned  
full on (and the trough is still empty)  
and for when the trough gets full.

Sketch some points in between.

Outline of the lesson

1.	 Discuss	the	story	and	think	about	the	water	level.
•	 Check	that	students	understand	the	story.
•	 Focus	on	the	cross-section	and	ask	students	to	think		

about	the	height	of	the	water.	Give them plenty of time.	
“The	trough	is	filling	at	a	constant	rate:	how	is	the		
water	level	changing?”	

2.	 Sketch	the	graph	of	the	changing	height	of	the	water	level.
•	 Check	that	students	understand	the	two	given	points	on	the	graph.	
•	 Ask	students	to	discuss	the	shape	of	the	whole	graph	in	groups.
•	 Put	some	of	the	students’	sketches	on	the	board.	Discuss	the		

sketches,	in	broad,	qualitative	terms.	Again, take plenty of time.

3.	 When	is	the	trough	half	full?
•	 Take	a	more	analytic	approach,	by	considering	the	moment	when		

the	trough	is	half	full:	“How	long	does	it	take?	How	high	is	the		
water	level	at	this	moment?	Is	it	halfway	up,	or	less	or	more?”

•	 Plot	the	approximate	position	of	the	corresponding	point.		
Discuss	what	the	graph	might	look	like	between	this	point		
and	the	‘full’	and	‘empty’	points.

4.	 Plot	some	more	specific	points.
•	 Present	this	scale	drawing	of	the	cross-section.	Check	that		

the	area	of	the	cross-section	is	60	sq	inches,	and	remind	the	
class	that	the	trough	takes	1	minute	(ie	60	seconds!)	to	fill.

•	 How	long	does	it	take	for	the	water	level	to	be	1	inch	high,		
2	inches	high,	etc?	Plot	points.	Draw	the	graph.

Summary

In	this	lesson	we	draw	a	graph	to	model	a	situation	from	‘real	life’,	where	the	relationship	(between	time	and	
height)	is	not	of	the	familiar,	linear	kind.	We	start	by	considering	qualitative	features	of	the	relationship	(eg,	
“Does	the	height	increase	steadily?”).	We	then	use	a	more	analytic	approach	to	test	and	modify	our	ideas.
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Algebra: Lesson 10A    Drinking trough (continued)

Overview

Students’ mathematical experiences
Students	should	experience

•	 that	we	can	represent	real	life	situations	on	a	graph

•	 that	we	can	convey	useful	information	with	a	sketch

•	 that	the	graph	is	not	a	direct	portrayal	of	the	situation.

Adapting the lesson
You	might	ask	students	to	sketch	graphs	for	various	troughs	or	bottles.	
Note	that	(strictly	speaking)	the	situation	with	bottles	is	more	complex	
as	the	horizontal	cross-section	is	normally	circular.	[The	examples,	right,	
are	from	the	KS3	Framework	document,	2001,	p173.]
Or	you	could	ask	students	to	consider	a	trough	with	the	same	height		
and	capacity	as	our	original	trough	but	with	a	rectangular	cross	section.	
What	would	its	graph	look	like?	[a	line	through	the	original	two	points]
How	wide	is	the	trough?	[60	sq	inches	÷	7	inches]
How	could	we	discern	the	width	from	the	graph?	[from	the	time	taken	
for	the	height	to	rise	1	inch!]

Assessment and feedback
Give	students	the	two	height-time	
graphs	about	a	lift	(see	page	4).	
One	is	right,	one	is	partly	wrong.		
Which	graph	is	right?		
What	does	it	tell	us	about	the	lift?		
Look	at	the	textbook	activities	on	real-
life	graphs	and	ask	students	to	suggest	
ways	of	improving	them.

Mathematical ideas
Here	we	start	with	a	‘real	life’	situation:	filling	a	trough	with	water	from	a	constant-flowing	tap.	We	then	model	this	
with	a	Cartesian	graph	of	water	height	against	time.

We	have	several	aims	here:	to	show	that	we	can	represent	(some	aspect	of)	a	real	life	situation	by	means	of	a	
graph,	using	both	a	qualitative	and	a	more	analytic	approach;	that	the	visual	features	of	a	graph	can	convey	a	lot	of	
information;	but	that	a	graph	does	not	necessarily	provide	a	concrete	(or	‘photographic’)	portrayal	of	the	situation	it	
represents	and	that	we	need	to	be	aware	of	this.

Key questions
When	does	the	water	level	rise	more	quickly?	What	does	this	
mean	for	the	graph?

When	the	trough	is	half-full,	why	is	the	time	at	the	half	way	
mark	but	not	the	height?

What	would	it	mean	if	the	graph	looked	like	the	(right	hand	
portion	of	the)	cross-section	(ie	vertical	line,	then	horizontal,	
then	vertical)?

What	would	the	graph	look	like	if	the	tap	was	only	turned	
half	full-on?

What	would	the	graph	look	life	if	the	tap	was	turned	to	full	
gradually	(in	the	course	of	5	seconds,	say)?

Resources
There	is	a	Geogebra	file	for	this	task		[is	there?]

As outcomes, Year 8 pupils should, for example: As outcomes, Year 9 pupils should, for example:
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Graphs of functions

Construct linear functions arising from real-life
problems and plot their corresponding graphs.

In plotting such graphs:

• write the appropriate formula;
• decide how many points to plot;
• construct a table of values;
• choose suitable scales for the axes;
• draw the graph with suitable accuracy;
• provide a title and label the axes.

For example:

• Plot a simple distance–time graph.

• Sketch a line graph to show the depth of water
against time when water runs steadily from a tap
into these jars.

Begin to recognise that the choice of different scales
and starting points can have a significant effect on
the appearance of a graph, and can mislead or
leave data open to misinterpretation. For example:

Use ICT to generate graphs of real data.
For example:

• Use a temperature probe and graphical
calculator to plot a cooling curve.

Link to line graphs (pages 264–5).

Construct functions arising from real-life problems
and plot their corresponding graphs.

Draw and use graphs to solve distance–time
problems. For example:

• This graph shows how
high two rockets
went during a flight.
Rocket A reached a
greater height than
rocket B.

Estimate how much
higher rocket A reached
than rocket B.
Estimate the time after the start when the two
rockets were at the same height.
Estimate the number of seconds that rocket A
was more than 200 m above the ground.

Sketch a line graph for the approximate relationship
between two variables, relating to a familiar
situation. For example:

• Sketch a graph of the depth of water against
time when water drips steadily from a tap into
these bottles.

Sketch graphs for other shapes of bottle.
Predict the bottle shape from the shape of a
graph.

• Sketch a graph of the number of hours of daylight
at different times of the year.

Use ICT to generate graphs of real data.
For example:

• Use a motion detector and graphical calculator
to plot the distance–time graph of a bouncing ball.

Link to line graphs (pages 264–5).
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Algebra: Lesson 10A    Drinking trough (continued)

Outline of the lesson (annotated)

1.	 Discuss	the	story	and	think	about	the	water	level.
•	 Check	that	students	understand	the	story.
•	 Focus	on	the	cross-section	and	ask	students		

to	think	about	the	height	of	the	water.		
Give them plenty of time.	
“The	trough	is	filling	at	a	constant	rate:		
how	is	the	water	level	changing?”	

2.	 Sketch	the	graph	of	the	changing	height	of	the	
water	level.
•	 Check	that	students	understand	the	two	given		

points	on	the	graph.	
•	 Ask	students	to	discuss	the	shape	of	the	whole		

graph	in	groups.
•	 Put	some	of	the	students’	sketches	on	the	board.	

Discuss	the	sketches,	in	broad,	qualitative	terms.	
Again, take plenty of time.

3.	 When	is	the	trough	half	full?
•	 Take	a	more	analytic	approach,	by	considering		

the	moment	when	the	trough	is	half	full:	“How		
long	does	it	take?	How	high	is	the	water	level	at		
this	moment?	Is	it	halfway	up,	or	less	or	more?”

•	 Plot	the	approximate	position	of	the	corresponding	
point.		
Discuss	what	the	graph	might	look	like	between		
this	point	and	the	‘full’	and	‘empty’	points.

4.	 Plot	some	more	specific	points.
•	 Present	this	scale	drawing	of	the	cross-section.		

Check	that	the	area	of	the	cross-section	is	60		
sq	inches,	and	remind	the	class	that	the	trough		
takes	1	minute	(ie	60	seconds!)	to	fill.

•	 How	long	does	it	take	for	the	water	level		
to	be	1	inch	high,	2	inches	high,	etc?		
Plot	points.	Draw	the	graph.

Is	it	a	straight	line?	Is	it	curved?	
Is	it	several	straight	line	segments?		
Does	it	look	like	the	cross-section?

Do	students	realise	that	it	is	half	full	after	30	seconds?

When	the	level	is	halfway	up,	why	is	the	trough	less	than	
half	full?

Why	is	the	water	level	more	than	half	way	up	at	this	
moment?

Some	students	might	surmise	that	the	trough	is	half	full	at	
the	place	where	it	widens.	Say	that	later	in	the	lesson	we	
will	use	a	scale	drawing	to	see	whether	this	is	the	case	(it	
is	not).

At	what	height	is	it	half	full?	[4.5	inches]
Where/when	is	there	a	change	in	the	speed	at	which	the	
water	level	rises?	[4	inches,	24	sec.]
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Using ‘real life’ situations 
This	lesson	is	about	graphing,	but	we	start	with	a	‘real	
life’	situation	concerning	a	drinking	trough	being	filled	
with	water.	The	virtue	of	such	a	situation	is	that	it	should	
be	perfectly	accessible	to	the	students:	even	if	they	have	
never	seen	a	drinking	trough,	they	should	be	able	roughly	
to	visualise	what	is	going	on	(eg,	that	the	water	level	rises	
relatively	quickly	at	first	and	then	more	slowly),	based	on	
experiences	like	filling	a	bath,	a	bucket	or	a	bottle	with	
water.	Also,	the	situation	is	engaging,	made	more	so	by	the	
different	widths	of	the	trough.

However,	our	prime	interest	is	obviously	not	in	water	
troughs.	Nor	are	we	claiming	that	in	real	life	we	would	
specifically	want	to	graph	the	water	level	of	a	trough.	
Rather,	our	interest	is	in	understanding	graphs	and,	in	
particular,	in	showing	the	power	of	graphs	to	represent	
aspects	of	a	‘real’	situation	-	while	acknowledging	that	this,	
and	probably	any	other	classroom-based	graphing	activity,	
is	rather	contrived.

Graphing ‘real life’ situations
In	this	graphing	activity,	there	are	clear	correspondences	
between	the	shape	of	the	trough	and	the	resulting	graph.	
However,	the	graph	is	more	abstract	(despite	the	fact	that	
we	are	representing	height	vertically,	as	in	real	life):	the	
graph	is	not	a	direct	representation	of	the	shape	of	the	
trough.	

Thus	it	is	important	for	students	to	learn	that	a	graph	does	
not	provide	a	‘photographic’	representation	of	a	situation.

[Pioneering	work	on	students’	understanding	of	‘real	
life’	graphs	was	undertaken	by	Claude	Janvier,	with	Alan	
Bell	(eg	Bell,	A	and	Janvier,	C.	1981.	The	interpretation	
of	graphs	representing	situations.	For the Learning of 
Mathematics.	2(1),	34-42).	This	lead	to	the	development	of	
some	rich	classroom	materials,	for	example	The language 
of functions and graphs by	Malcolm	Swan	and	the	Shell	
Centre	Team,	Nottingham,	published	by	Shell	Centre	&	
Joint	Matriculation	Board,	1985.]

Algebra: Lesson 10A    Drinking trough (continued)

Background

Interpreting ‘real life’ graphs
The	graphs	below	are	for	the	distance	travelled	by	a	lift,	
from	the	time	it	reaches	the	ground	floor	to	the	time	it	
reaches	the	second	floor	of	a	building.	Both	graphs	are	
oversimplifications,	but	the	second	graph	is	clearly	not	
correct.

You	might	want	to	ask	students	
•	 to	identify	the	incorrect	graph	[Graph	B]
•	 to	describe	the	information	about	the	lift’s	journey	
conveyed	by	the	other	graph	[eg,	each	floor	is	about	2.5	
m	high;	the	lift	waits	for	10	seconds;	it	travels	at	about	
0.5	m	per	second	or	50	cm	per	sec,	or	about	1.1	mph]	

•	 to	consider	how	the	representation	might	be	
oversimplified	[eg,	the	start	and	stop	are	both	shown	as	
instantaneous	rather	than	gradual].
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