
The chapter on differentiation in the C1 textbook is wrong. Your task is to show that the textbook 

is wrong, and to prove the grain of truth in what it says. 

Learning objectives: 

1. To learn not to read the textbooks, or at least not to take what they say seriously. This is an 

important preparation for year 13 maths, where there is a lot of rubbish in the textbooks. 

2. To learn that maths is about truth, not lies. 

3. To learn what differentiation really is 

4. To learn more about how to use curve-sketching. 

5. To practise mathematical proof. 

Here is what the textbook says: 

 

To start on this, we need to know what differentiation is. 

Definition: the derivative or slope of the function f at x, f’(x), is: 
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       means “the limit as h approaches zero” of something. 

Limit is a tricky concept, but you already know a lot about it. An asymptote is the limit of a curve, i.e. 

a line which the curve gets closer and closer to as x becomes bigger. The sum of an infinite series is 

the limit of the sums of finite bits of the series, i.e. a number which the sum from 1 to n of the series 

gets closer and closer to as 

n gets bigger and bigger. 

The curve f(x)=e–x+1 

has an asymptote 

y=1 as x gets bigger 

and bigger. 

 

 

 

The curve 

 f(x)=e–xsin(10x)+1  

has the same asymptote. 

So a quantity can bounce 

around above and below 

its limit, rather than just 

steadily increasing towards 

it or steadily decreasing 

towards it 

 

 

The curve defined by 

f(x) = x2 sin(1/x) for x≠0 and 

f(x) = 0 for x=0 

has an asymptote of y=0 as 

x approaches zero. 

 

  



Mathematical limits are different from “limits” in everyday life, like speed limits or age limits. It’s not 

that the quantity has to be less than the limit (like a speed limit) or more than the limit (like an age 

limit). The quantity approaches the limit. It gets closer and closer to it. 

More precisely: take any range of values around the limit, however tight, and [f(x+h)–f(x)]/h, or 

the sum ∑  , or the curve y=f(x), will be within that range for h small enough, or n big enough, or 

x big enough… 

In a sense, you have to use mathematical limits even to define what you are talking about with 

numbers like √2. You can’t get √2 by counting, or by counting and dividing. So really √2 is the limit of 

all the approximations to √2 you can get by calculating approximate square roots of 2 to more and 

more decimal places. 

Not all functions are differentiable at all points, just as not all curves have asymptotes and not all 

infinite series converge (have a definite sum). 

If a function is differentiable at a point x, then that means that the asymptote of the curve describing 

the function as you zoom in on the graph to look at smaller and smaller neighbourhoods of x is a 

straight line, and f’(x) = slope of that straight line. 

On the next page is f(x)=x3 for –1≤x≤1, then for 0.4≤x≤0.6, then for 0.49≤x≤0.51. As we zoom in on 

smaller and smaller bits around x=0.5, the curve looks more and more like a straight line. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Some functions at some points do not have derivatives. If a function has a “corner” at a point, it has 

no derivative there. The Koch snowflake has no derivative at any point. 

 

 

 

 

 

 

 

 

 

Remember how the wretched textbook defined a tangent. “The tangent is a straight line which 

touches but does not cut the curve”. We’ll call this an “Edexcel-tangent”.  

1. Find an example of a curve and a point on the curve where the curve has 

no Edexcel-tangent. 

2. Find an example of a curve and a point on the curve where the curve has 

infinitely many different Edexcel-tangents. 

3. Find an example of a curve and a point on the curve where the curve has 

no Edexcel-tangent but it does have a derivative 

4. Find an example of a curve and a point on the curve where the curve has 

infinitely many different Edexcel-tangents but no derivative 

5. Find an example of a curve and a point on the curve where the 

derivative exists, and the line with slope equal to the derivative is as far 

away from being an Edexcel-tangent as it possibly could be, i.e. it cuts 

the curve infinitely many times in every neighbourhood of the point 

6. The grain of  truth in the nonsense in the textbook is that if a curve has a 

derivative at a point, and also has an Edexcel-tangent at that point, then 

the slope of the Edexcel-tangent is equal to the derivative. Try to prove 

this. 

7. How do you think mathematicians (not Edexcel) should define tangents? 


