R Pythagoras and trigonometry in 3D

ROBINSON Worked solutions

This topic online

n ABCDEFGH is a cuboid with base ABCD and top face EFGH, where E is directly above A, F is directly
above B, G is directly above C and H is directly above D.

AB =3 cm,BC=4cmand CG =12 cm.
Work out the length of AG.
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Diagram NOT accurately drawn (2 marks)

Furst ccmi the dio.bom.(. AC of the base Ustng Pyklno.aoro.s eh krio.nsu. ABC: AC,.L = 31
+Hz=ﬁ+\6=2$,soAC=5cm

AG s the spoce d.'\o.som.(.. 'Tr:.o.ns(.e. ACG hos o r:.skt oma(.e. at C
becauvse CG is vertical
AG" = ACT + C6" =25 + 14w = 1

A¢ = T kKi=123em
A(.te.rno.twe,(.v, wn one step

A = T *+u +2) =l kKi=13cm

13 em
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n A cuboid measures 5 cm by 7 cm by 9 cm.
Calculate the length of the longest straight rod that will fit exactly inside the cuboid.

Give your answer correct to 1 decimal place. 3 marks)

The Lonaes‘b rod. that J.c.ts cnscde o cuboed Lies o.(.ona the spa.ce

&:.o.ao(\o.(.

Space diagonal = [ (5" +7 49D =L (25 +u1+2) = ss
{55 = 12449

The Longest rod is 12.4 em (1 decimal place)

12.% em

B VABCD is a pyramid. The base ABCD is a horizontal square with sides of length 10 cm. The vertex V is
directly above the centre O of the base. The height VO of the pyramid is 12 cm.

Calculate the length of the sloping edge VA. Give your answer correct to 3 significant figures. (3 marks)
A 2 kY kS
C" =10 +10 =200
AO* = 200
4
Trt.o.na(.e. VOA, riah‘t o.ASLz at O

vA* = 2+ 50
vA* = 194
VA =139 em

=S5O
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n ABCDEFGH is a cuboid with base ABCD and top face EFGH, where E is directly above A, F is directly
above B, G is directly above C and H is directly above D.

AB=8cm,BC=6cmand CG =5cm.
Calculate the size of the angle between the line AG and the plane ABCD.

Give your answer correct to 1 decimal place.
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Diagram NOT accurately drawn (4 marks)

A pro")e.ction s the Line’s shadow on a plane, &oun& bJ J’“”PP""S perpendiculars to that
plane. The “‘3('" betuween o Line and a plane is measured between the Lene and thes

shadow. For two planes, use Lines wa each plane perpendicular £o their common Ld.ﬁ&

The projection °f AG onto the plane ABCO s AC, so the

re.lu:.re.cl o.(\a(.e. is o.na(.e. AC
Find AC vsing kakmboras en the base

ACY = 8" 4¢" =¢4 43¢ =100, 20 AC =10 em
Treangle ACG has o reght angle ot C becavse CG s vertical
tom(ow\ﬁt.e. ¢AC) = C6:AC=s5s:10=0.5
angle GAC = tan™(0.5) = 20.5¢S....
The o.nate. between AG and the plane ABCO is 2¢.¢ (1 deccmatl

place)

S
26.6
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a A storage box is a cuboid PQRSTUVW with base PQRS and top face TUVW, where T is directly above

P, U is directly above Q, V is directly above R and W is directly above S.
PQ=9cm QR=4cmandRV =7cm.
Work out the size of the angle that the line PV makes with the base PQRS.

Give your answer correct to 1 decimal place.
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Diagram NOT accurately drawn (4 marks)

A pro")e.r.‘k‘\oﬁ s the Line’s shadow on o plane, ocouml b:’ dropp‘ma p&rpe.r\dicu(.o.rs to that
plane. The angle between a Line and o plane is measured between the Line and thes

shadow. For two planes, use Lenes th ach plane perpendicular to thecr common Q.d.se.
The proJ&otioa of PV onte the base is PR, so the re.tLuire.& o.na(.e.

is o.na(.e, VPR

F'md.f& Using P:’tha.noro.s in the base

PR = 44 = +16=97, %0 PR = L 97 = 1.34%8... cm
Tr:.o.nstz PRV has o raﬁhk o.na(.c. ot R becavse RV is vertical
to.a(MS(.e, VPR) = RV PR =7+ {97 = 0.mno".

o.na(.e. VPR = to.ﬂ"(O.'T\O'l...) = 35.40...
[~
The anale s 354 (I decemal place)

[~
Is.%
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n A pyramid has a horizontal square base ABCD with sides of length 12 cm.
The vertex V is directly above the centre O of the base.
The height VO of the pyramid is 8 cm.
Calculate the size of the angle that the edge VA makes with the base ABCD.

Give your answer correct to 1 decimal place.

Diagram NOT accurately drawn (4 marks)
A projection cs the Line’s shadow on a plone, found bj dropping perpendiculars to
that plane. The angle between a Line and o plane s measured between the Line and
this shadow. For tuwo planes, use Lines wn each plane perpendccular to thecr common
z&se
The projection of VA cnto £he base ws AO, so £he required anqle
ts angle vAo
AO <o ho.Loc the damﬁonmt of the sq va.re base. Oaa.som.(. AC =
02" + 2 = M2s8 =122 em
Se AO
'Tr‘w.na(.e. VAO has a r;alnt u\a(.e. ot O becavse VO s vertical
tan(angte VAO) = vO A0 =% ¢l 2 = 0.qu2s..

o.ngt.e. vhAo = tan(0.99428..) = '-i'$.3l...°

¢l 2 = b4a52... em

o
The a.l\a(.e. ts 43.3 (1 decimal p(.o.cz)

43.3
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The diagram shows a wedge ABCDEF.
The base ABCD is a horizontal rectangle with AB = 24 cm and BC = 10 cm.
E is vertically above D and F is vertically above C, with DE = CF = 6 cm.
ABFE is the sloping face of the wedge.
Work out the size of the angle between the line AF and the base ABCD.

Give your answer correct to 1 decimal place.

6 cm Pl 6 cm

Diagram NOT accurately drawn (4 marks)

A projection s the Lene’s shadow on a plone, found by dropping perpendiculars o
that plane. The angle between o Line and a plane cs measured between the Line and
thes shadow. For £wo planes, use Lunes ca each plane perpendicular £o theer common
z&ac

F e verkecally above C, so the projection oy AF onto the base vs AC and £he
required angle is o.ns(.e. FAC

Fund AC vsing Pythagoras ca the base rectangle

ACY = 24" 410" = 576 +100 = ¢7¢, 0 AC = 26 em
Triangle ACF has o right angle ot C becavse CF s vertecal
tan(angte FAC) = CF : AC = ¢+ 2¢ = 0.2301..
oma(.e. FAC = tan(0.2301..) = IZ.‘ﬁ...o
The angle <5 13.0 (1 deccmal place)

S
\3.0
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n ABCDEFGH is a cuboid with base ABCD and top face EFGH, where E is directly above A, F is directly
above B, G is directly above C and H is directly above D.

AB=5cm,BC=12cmand CG =9 cm.
Calculate the size of the angle between the line AG and the plane BCGF.

Give your answer correct to 1 decimal place.
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Diagram NOT accurately drawn (4 marks)

A projection s the Line’s shadow on o plane, OCDUNL bj &ropp:.na perpendiculars to
that plane. The o.nate. between a Line and o plane is measured between the Line and
thes shadow. For tuwo planes, use Lenes ca each plane perpendicular to their common
z&sz

AB e perpendicular to the plane 6CC’F, becavse AB ¢

perpendicular Lo both BC and BF

So khe projection op A onto the plane BCEF s ©, £he projection of AG onto the
plaone cs B¢, and the required angle is ““3("’ Ac6

66 s o diagonal op the pace BCCF

B = BC +C6E =12 + 9" = 1uu + 81 = 225, 20 BF =15 em
'T'ri.o.as(.e. ABE has o riaht angle ot B becavse AB i
perpendicular Lo the plane BCeF

tanlangle ACD) = AB : B¢ =5 115 = 03333

a.na(.e. AcH = {»;M\"(%) = \EH'&...D

o
The o.ns(.e. is 18.4 (1 decemal mecQ.)

[~
18.4
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n A pyramid has a horizontal square base ABCD with sides of length 16 cm.
The vertex V is directly above the centre O of the base.
The height VO of the pyramid is 15 cm.
M is the midpoint of BC.
Calculate the size of the angle between the face VBC and the base ABCD.

Give your answer correct to 1 decimal place.

A 16 cm B

Diagram NOT accurately drawn (4 marks)

A projection s Ehe Line’s shadow on a plane, pouad by droppeng perpendiculars to that
plane. The angle between a Line and o plane is measured between the Line and thes
shadow. For tuwe planes, use Lines wa cach plane perpendicutar to thecr common edqe
The angle between the pace vBC and the base s the angle VMO, where M cs the
midpocnt of &c

vM (s perpendccutor to BC (VBL s csosceles) and OM is perpendiculor to 60, so
angle VMO measures the angle between the two planes

OM (s the distance From the centre op the sguare £o the midpount of a scde, 5o oM
=lK+2=8cm

Tr'\o.nﬁ(.e. VOM has o r'\gkt o.ASLL ot O becavse VO s vertical
tan( angle vMO) = vO:OM =15+ 2 = 1.%17s

angle vMO = tan'(1.275) = 2.
The o.aate. between the Foce VBC and the base s 6I.‘l° ( decimal
ploce)

é\.9
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m A cuboid has a square base and a height of 8 cm.

The length of the longest diagonal of the cuboid, from one corner of the base to the opposite corner
of the top face, is 12 cm.

Work out the volume of the cuboid. (4 marks)

Let the sude of the s9 Vare bose be x em
The space d'\aaona.(, of o cuboid smtasoc&.e.s d.‘ = :x.‘ + .x.‘ + k;
kS 2 k8 ks 'Y
Sol2 = x +x +8 ,wkachsi\/esl‘-ﬂ-}=2x + (4
2.:1 = 0, so .z‘ = 40
The volume s base area % ke.:.ﬁkt = .x.‘ X2A=40 % 8 =320
3
Volume = 320 em . Note that the value °0C x :.‘kse.(.ac ¢s not

needed, onLJ <

3
320 em |
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m The diagram shows a tent in the shape of a prism.
The base ABCD is a horizontal rectangle with AB = 16 m and BC = 6 m.

The ridge EF is horizontal and runs parallel to AB, directly above the middle of the base, with E at the
end above AD and F at the end above BC.

The ridge is 4 m above the base.
Work out the size of the angle between the line AF and the base ABCD.

Give your answer correct to 1 decimal place.

Diagram NOT accurately drawn

(5 marks)
A projection is the Line’s shadow on o plane, Found b:’ dropping perpendiculars to
thot plone. The angle between a Lene and a plone ts measured between the Line and
thes shadow. For two planes, use Leaes in tach plane perpendicular to theer common
edsc

Set up the projectionog F onto the base. F is above the pont N that Lies on the
base, on the Line 60, midwo.y between & and C,soNiswm From £he Lene AD and 3 m
From the Line AB

The projection of AF onto the base ts AN, so the required mnatz

LS M‘S('e' FAN
Find AN vsing kako.soro.s wn the base

AN = 1K' 43" = 25¢+ 9= 2¢5, 5o AN = L7245 = 16.2788... m
Treangle ANF has o raakt angle ot N becavse FN is vertical,
with FN =4 m

‘Eaa(o.na(.e, FAN)

angle FAN = tan'(0.2457..) =\3.20...

FN AN =4 = 2¢5 =0.2457..

©

[~
The angle between AF and the base s 13.8 (I decimal p(.ac.e,)
o

1%.%
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