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1)

2)

3)

4)

Answers:
(i)4x3  (ii)21x?% (iii)—x"2 (iv)1

@ f'(x)=10x+7

(i) g'(x) = 6x% +8x + 1
ady

(111)d—x =8

y=8x+4

this is the equation of a line
d . .
d—z = 8 this is the slope of that line

Proveit: y =mx +c¢
m=28

Product Rule - Example

_ 2 2 du _ av _
v =4+ 3x°)(6x + 4x*) L =6x —=6+8x
. d
Find 2 dy
dx il Gy 3x2)(6 + 8x) + (6x + 4x2)(6x)

. _ 2 d
(hint let u = (4 + 3x?) T = 24+32x + 185 + 242° + 367

and v = (6x + 4x?) + 2423
= 48x% + 54x°% + 32x + 24

. (5+6x) , dy
5) Quotientrule:y = Find —
) Q y 2x2 dx
Quotient Rule - Example du _ dv _
(5 + 63) =0 =Y
V=T
o dy dy  (2x%)(6) — (5 + 6x) (4x)
Find E dx (2x2)2
(hint letu = (5 + 6x)
and v =2x2
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dy 12x*—20x — 24x*

dx 4x*
dy —12x*—20x
dx — 4x*
(divide above and below by 4x)
dy —3x-5
dx = x3

6) Chainrule:y = (2 + 3x) * Find Z—Z

Chain Rule - Example

3;:(2+33\€)4 o _gs g
dv dx
. dy
Find F1(x) = (4v3)(3)
(hintletv= (2 + 3x) = (42 +3x)*)(3)
_ ()4 = (42 +3x)%)(3)
andu=(v) = 12(2 + 3%)3

7) Find the following limits:

2 _ —
a) lim (ﬂ) — lim (w) =lim (x + 2) =t+2=3
xX—

x—1 x—1 x—1 x—1
3 2
) 2n2-3n+2 ) 2——+— 2 1
b) lim (B2 jim (327 ) =2=2
n—oo \6N“+5n-6/ n-ooo 6+E__2 6 3
n

8) Find the derivative of f(x) = 5 — 2x by first principles.

First fmdf(x + h) flx+h)-f(x) _ 5—-2x—2h—-5+2x
h h

==2

Fee+h) =5-20+h)
=5—2x—2h

flx+h)—f(x) 5-2x—2h—5+2x
h - h

9) Fillin the table:

sin™! (E) 1
a Va2 —x2

cos 1 (E) _ 1

a Vaz —x2
tan* () -
n — —
a az + x?
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10)

(a) Differentiate the function 2x” —3x—6 with respect to x from first principles.

flx)=2x*-3x-6
flx+hy=2(x+h)* -3(x+h)-6=2x" +4xh+2h* —3x-3h—6
fix+h)— f(x)=4xh+2h* -3k

Limff{M] = Lgml{r[w]

=4x=3

ir—0
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2x

(b) Let fix)= 3 x#-=2, xe . Find the co-ordinates of the points at which the slope of the

X

1
tangent to the curve ¥ = f(x) is e

2x
flx)= T12

Let u(x)=2x=u'(x)=2 and v(x)=x+2=1"(x)=1
) = (x+2}(2}—121{1) _ 4 i
(x+2) (x+2)
4 |

ey b
'f(X]_45{_r+2}1 4

=16=(x+2)"
=x+2=4 or x+2=—4 or X +4x=-12=0
=x=2o0r x=—6 (x=2)(x+6)=0
=x—=2=0 or x+6=-0

=x=2 or x=-6

-12 4
—f6)=——=3 and f(2)=——=1
S6)=—==3 and /(D)=

Points (—=6,3) and (2.1)

11)

4|Page ©The Society of Actuaries in Ireland February 2023



Society of Actuaries
in Ireland

Calculus 1 Solutions — 22 Feb 2023

Q6 | Model Solution = 25 Marks Marking Notes
(a)
flx+h) = f(x)=(2x +2h + 4)* = (2x + 4)° Scale 10D (0, 2, 5, B, 10)
Low Partial Credit
. flx+h) - flx) » any flx +h)
hT-I:- h -
Mid Partial Credit
C(Zx 4 Zh 4497 = (21 + 4)° _ flx+h)-r(x)
lim ® limit of
h—0 h h
High Partial Credit
4x2 + Bhx + 4h% # 16x + 16k + 16
(4x ; v ) (2r+2h+4)2—(2x+4)2
— lim —{4x? + 16x + 16) o limit af
R0 h h
MNotes:
omission of limit sign penalised
z
= lim M once only
o B+ '?Lr onswer not from 1% Principles
- ! merits 0 marks
ar
Flx) = (2x 4+ 4)* = 4x® + 16x + 16
Flx+Rh) =4(x + h)? + 16(x + k) + 16
= 4x7 + Bhx + 4h* + 16x + 16h + 16
 flx+h) = f(x)
lim —8 8 ——
h—0 h
fBhx + 4h? + 16k
im———
] h
=Bx+ 16
(b)
i Scale 15D (0, 4, 7, 11, 15
Liys ¥ = x.5in— = ( )
{ii) X Low Partial Credit
d'_y — sinl ¥ (cus l} (_ l) » any correct differentiation
dx x X x?
:_J’ = sin = g Mid Partial Credit
X « product rule applied
dy =© w™ =
— = sin———cos—
dx o4 4 High Partial Credit
» correct differentiation
= (:15
MNote: one penalty for calculator in wrong
mode
12)
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Model Solution = 25 Marks

Marking Motes

f{xihj:%{xi-h]: (x + Rh)+3

) 1
flx) = ixl x+3

Scale 200 (0, 5, 14, 17, 20)
Low Partigl Credit
# any flx + h)

6|rPage

flg(x)] = In[3(x + 5)* + 2]
=In(3x% + 30x 4+ 77)

. B30
F) = e a7
1 , _ 315 o
x= g f1(x) = g = 03719
= [-37¢

©The Society of Actuaries in Ireland

ok B Mid Partial Credrt
Flx+h) f-,:_l.],z"l-_t_ f——h o  fix 4 h) = f(x) with some correct
flx+h)=flx) 2x h
- r 373 High Partial Credit
: . L geh P elrthieie(eyei
i [EAR )2 L i)
h—+0 h 3
Motes:
» omission of limit sign penalised once
only
* answer not from 1% Principles merits 0
marks
(b)
d(fglxl) Scale 5C (0, 3,4, 5)
=
1 Low Partiol Credit:
m(ﬁf-’f +5]) s Any correct differentiation
' . ' - o fgix) formulated
difglz))  elF
{"'j = 1{ T a0 High Partial Credit:
dx iI:T:Il 2 1'!55 . i Fgix) fﬂu“d
dx
= [-37E
Mote:
OR Work with f{x) = gix) merits low partial
credit at most
Flx) = In(3x* + 2)
glx)=(x+5)
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