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Reference: Techniques of Mathematical Analysis by C.T. Tranter p. 160 - p.165, p.263 - p.266 
Euler's Function: eix = cos x + i sin x; e–ix = cos x – i sin x 

cos x =
2
1 (eix + e–ix); sin x =
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1 (eix – e–ix) 

ex + iy = ex (cos y + i sin y) 
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cosh z + sinh z = ez cosh z – sinh z = e–z 
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Relation with real trigonometric functions: 
cosh z = cos iz; sinh z = –i sin iz 
tanh z = –i tan iz; coth z = i cot iz 
sech z = sec iz; cosech z = i cosec iz 

Identities: cosh2 z – sinh2 z = 1 
sech2 z  = 1 – tanh2 z 
cosech2 z = –1 + coth2 z 

Exercise: Find sinh(–z); cosh(–z); sinh 0; cosh 0 
Addition Formulae: sinh(x ± y) = sinh x cosh y ± cosh x sinh y 

cosh(x ± y) = cosh x cosh y ± sinh x sinh y 

tanh(x ± y) =
yx
yx

tanhtanh1
tanhtanh

±
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Double Angle Formulae: sinh 2z = 2 sinh z cosh z 
cosh 2z = cosh2 z + sinh2 z = 2 cosh2 z – 1 = 2 sinh2 z + 1 

Special manipulation: If x and y are real numbers, 
sin(x + iy) = sin x cosh y + i cos x sinh y 
cos(x + iy) = cos x cosh y – i cos x sinh y 
sinh(x + iy) = sinh x cos y + i cosh x sin y 
cosh(x + iy) = cosh x cos y + i cosh x sin y 

Inverse hyperbolic function: z is a complex number, Tanh–1 z =
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Differentiation: 
dx

xd sinh = cosh x 
dx

xdcosech = –cosech x coth x 
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xd cosh = sinh x 
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xdsech = –sech x tanh x 
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Integration: The inverse process of differentiation 

∫ xdxsinh = cosh x + c ∫ xdxxcothechcos = –cosech x + c 

∫ xdxcosh = sinh x + c ∫ xdxx tanhsech = –sech x + c 

∫ xdx2hsec = tanh x + c ∫ xdx2echcos = –coth x + c 
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Remember ∫ dx
x
1  = ln |x| + c 

then ∫ xdxsec = ln |sec x + tan x| + c = ⎟
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tanln x + c 

∫ xdxcsc = –ln |csc x + cot x| + c1 

 = ln |csc x – cot x| + c2 = 2
tanln x + c2 


