
Questions 
 
Q1. 
  

Find the exact values of x for which 

cosh 2x − 7sinh x = 5 

giving your answers as natural logarithms. 

(7) 

  

(Total for question = 7 marks) 

  

 
 
Q2. 
  

Using the definitions of sinh x and cosh x in terms of exponentials, 

(a)  prove that 

cosh2x − sinh2x  1 

(2) 

(b)  find algebraically the exact solutions of the equation 

2 sinh x + 7 cosh x = 9 

giving your answers as natural logarithms. 
(5) 

  

(Total for question = 7 marks) 

  

 
 
Q3. 
  

The curve C has equation 

y = 9 cosh x + 3 sinh x + 7x 

Use differentiation to find the exact x coordinate of the stationary point of C, giving your answer as a 
natural logarithm. 

(6) 

  

(Total for question = 6 marks) 

  

 
 
 
 
 



Q4. 
  

Solve the equation 

18cosh x + 14sinh x = 11 + ex 

Give your answers in the form ln a, where a is rational. 

(5) 

  

(Total for question = 5 marks) 
Q5. 
  

Solve the equation 

15 sech2x + 7 tanh x = 13 

Give your answers in terms of simplified natural logarithms. 

  

(Total for question = 6 marks) 
Q6. 
  

(a)  Starting from the definitions of sinh x and cosh x in terms of exponentials, prove that 

(i)  cosh 2x ≡ 2cosh2x – 1 
(ii)  sinh 2x ≡ 2sinh x cosh x 

(4) 

(b)  Solve the equation 

cosh 2x – 7 cosh x = –7 

giving your answers as exact logarithms. 
(5) 

  

(Total for question = 9 marks) 

 

Q7. 
  

(a)  Use the definition of sinh x in terms of exponentials to show that 

sinh 3x ≡ 4 sinh3 x + 3 sinh x 

(2) 

(b)  Hence determine the exact coordinates of the points of intersection of the curve with equation y = 
sinh 3x and the curve with equation y = 19 sinh x, giving your answers as simplified logarithms where 
necessary. 

(5) 

  

(Total for question = 7 marks) 

  

 
 



Q8. 
  

 

Figure 1 shows part of the curve C with equation 

 

The point P and the point Q lie on the curve. The point P has x coordinate –3a and the point Q has x 
coordinate 3a. 

(a)  Find the length of the arc PQ, giving your answer as a multiple of sinh a. 

(5) 

Given that the length of the arc PQ is 12 

(b)  show that the x coordinate of Q is , where p and q are integers to be found, 

(2) 

(c)  show that the y coordinate of Q is  where r and s are integers to be found. 

(2) 

  

(Total for question = 9 marks) 

  

 
 



Q9. 
  

Given that 

 

(a)  show that 

 

where k is a constant to be found. 
(4) 

(b)  Hence, or otherwise, show that 

 

(4) 

  

(Total for question = 8 marks) 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Examiner's Report 
 
Q1. 
  
The vast majority of students correctly used the identity cosh 2x = 1 + 1 + 2 sinh2x to obtain a quadratic in 
sinhx. Most then used the logarithmic form of arsinh to obtain the final answers. Some students wrote 
sinhx in terms of exponentials and proceeded to solve the resulting quadratics in ex and sometimes ended 
up with extra solutions that were not rejected. A significant number of students attempted to solve the 
given equation by expressing it in terms of exponentials. Such solutions usually stopped once a quartic in 
ex was reached. Quite often, students who adopted this approach, realised that any progress would be 
difficult and so resorted to using the identity cosh 2x = 1 + 2 sinh2x. 
  
 
 
Q2. 
  

Although most candidates followed the instructions given in the question to use the exponential forms of 
sinh x and cosh x to establish the identity in part (a) and to solve the equation in (b), many penalised 
themselves by not following the instructions carefully and did not use exponential functions in part (b). 

In part (a), most succeeded in proving this standard equality although some candidates did not show 
sufficient working to justify the accuracy mark. Examiners expected to see at least one line of working in 
between the substitution of exponentials and the "= 1". 

In (b), those who used the exponential form of the hyperbolic functions, as instructed, quickly managed to 
collect the terms and form a 3 term quadratic in ex. The quadratic was solved by either using the formula 
or less frequently, by factorisation. Once the values for e were found very few made errors in finding the 
values of x. A significant number of candidates chose to make a rearrangement of the given equation and 
square both sides and solve their resulting equation without reference to exponential functions. Some, 
however, did revert to exponential functions but candidates need to be aware that the process of squaring 
can introduce extra spurious answers to the original equation. 

  

 
 
Q3. 
  

This question was found to be accessible. Most students could differentiate correctly although there was 
the occasional student who thought that cosh x differentiated to − sinh x. There was also the occasional 
error in signs for the expression of sinh x and cosh x in terms of ex and e−x. Most then realised they 
needed to rearrange their expressions to obtain a quadratic in ex and were able to solve their quadratic 
correctly although the occasional one had incorrect signs. Most realised that they should only chose the 

positive value for ex and then got the correct answer although some still wrote x = lm  which does not 
exist as well as the correct answer. Very few used the alternate method of squaring and attempting the 
quadratic in cosh x but most who used this method got to the correct answer although again some had 
cosh x as negative which is not possible. 

  

 
 
 
 
 
 
 
 
 



Q4. 
  

This was a good straightforward question to start the examination. There were very few errors and most 
students gained full marks. 

All but a very small minority used the correct exponential forms for cosh and sinh. A small number of 
students made algebraic slips when substituting into the given equation and collecting terms. Of those 
who simplified to a quadratic equation the vast majority solved by using factorisation with only a small 
minority attempting the quadratic formula. A small number of students gave one of their answers as − ln3 
which was not in the required form and lost the final mark. 

  

 
 
Q5. 
  

Most students could make progress on this question and a high proportion of fully correct solutions were 
seen. The preferred approach was using the identity sech2x = 1 − tanh2x to form and solve a quadratic in 
tanhx. A number of students wrote down the formula incorrectly thus losing all the accuracy marks. 

Solving the equations  or  was frequently done from first principles using exponential 

formulae for sinhx and coshx rather than using  as given in the formula book. 

Students who preferred to use exponentials from the beginning found it more challenging and errors such 

as  were seen on a number of occasions. Solutions which initially multiplied by cosh2x 
before using exponentials found the algebra easier. Algebraic errors left a number of students unable to 
obtain a three term quadratic equation. Solving for e2x made this way easier to find values for x. 

  

 
 
Q6. 
  

In part (a), both (i) and (ii) were well answered with the majority sensibly working from right to left. A small 
number offered proofs that did not involve the exponential definitions of sinh and cosh and so could not 
score the marks available. 

Part (b) was also a good source of marks for almost all. The last mark was less accessible since 
candidates occasionally missed the negative solutions if they used the logarithmic form of arcosh rather 
than exponentials. Those who attempted to use exponentials before solving for cosh x often reached a 
quartic in ex but generally made no further progress. 

  

 
 
 
 
 
 
 
 
 
 



Q7. 
  

 

 

Q8. 
  

This arc length question produced a slightly more mixed response. In part (a) most obtained the correct 

 and used the correct formula to reach the correct integrand. A common error was to integrate cosh  

into  sinh  rather than 3sinh . Some who used 3a and –3a as limits did not give their answer as a 
multiple of sinh a, leaving it as 3sinh a – 3sinh (–a). Most went on in part (b) to use the given arc length to 
obtain a value for the required x-coordinate of 3a. In (c), the majority successfully obtained a value of the 
y-coordinate of 3cosh a using the exponential definition of cosh with only a small number unable to obtain 

it in the right form. The more direct route of using 3cosh  was not widely seen. 

  

 
 
Q9. 
  

This question proved to be a challenging one for a lot of students. The need to use the chain rule and 
either the quotient or product rule in part (a) was usually understood though some students did forget to 
include one of the two elements. Manipulating the details, including keeping track of the signs, was often 
done badly. Very few students attempted the alternative methods. 

Those who scored all the marks in part (a) usually went on to answer part (b) correctly. A small number 
who had made no progress in part (a) still attempted part (b) using k with some success. However, only 2 
of the 4 marks for part (b) were available to students who did not use a numerical value of k which they 
had obtained in part (a). 



 

 

Mark Scheme 
 
Q1. 
  

 

 
  
 



 
Q2. 
  

 



  

 
 
Q3. 
  

 

  

 
 
 
 
 
 
 
 
 



Q4. 
  

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Q5. 
  

 

Solving quadratics by calculator: check their solutions if the equation is incorrect. If the solution is 
correct for their equation, award M1 

  

 
 
 
 



 
Q6. 
  

 



 



 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Q7. 
  

 

  

 
 
 
 
 
 
 



Q8. 
  

 

  

 
 
 
 
 
 
 



 
Q9. 
  

 

 

 



 

  

 
 


