Statistics and Mechanics Year 2 SolutionBank

Applications of forces 7A

1 ai Q-5c0s30°=0 1
Give exact answers using sin30° = > and

ii P-5sin30°=0

53

iii 0=>5c0830°= N 433N (3s.f) using your calculator.
P=5sin30°=2.5N

3 . .
cos30° = EX or give decimal answers

b i Pcos@+8sin40°—7co0s35°=0
ii Psin@+7sin35°—-8cos40°=0

iii Pcos@=7cos35°—8sin40°
=0.5918 (1)

Psin @ =8cos40°—7sin35°

=2.113 (2)
Divide equation (2) by equation (1)
_ o o Psind e
Psin® _ 8cos40°—7sin35 Use = tan® to eliminate P from
Pcos@ 7cos35°—8sin40° PCO.SQ . . ..
the equations obtained in i and ii.
2.113
tand =
0.5918
=3.57

.0=74.4° (3s.f)

Substitute @ into equation (1)

Pcos74.3569°=0.5918
0.5918

03 74.3569°
~2.19 3s.f)

c i 9-Pcos30°=0

ii O+ Psin30°-8=0
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I ¢ iii Using result from part i, Use part i to find P, then substitute into ii to find i.
9
cos30°
2 3
=9x— cos30°=—
3 2
9x2

= —— X —F=
3 W3
1843
3
—6\3
=104N (3s.f)
Substitute into result from part ii
oo ]
0 +6+/35in30°—8=0 sin30°=2
~0=8-613 x%
=8-33
=2.80N (3s.f)
d i Qcos60°+6cos45°—P=0 Use angles on a straight line to find O makes an angle of

60° with the x-axis.

ii Osin60°—6sin45°=0

iii Using result from part ii,

_ 6sin45° sin45°=%, cos60°=%, sin60°:73
sin 60° 2

1.2
NENG
1

NG
_12 V6
~J6 6
=2J6

=4.90N (3s.f)

:6)(
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1 d iii Substitute into result from part i:

2\/gx%+6xL—P=O

V2

6

N
&
o

=6+3\/_

=6.69N (3s.f)

LP=46+

e i 6c0s45°—2c0s60°— Psind=0
ii 6sin45°+2sin60°— Pcos@—4=0

iii Using result from i:
Psin@ =6cos45°—2cos60° (1)

Using result from ii:
Pcos@ =6sin45°+2sin60°—-4  (2)

1)+(2):
Psinf  6cos45°—2cos60° Psiné o
=— : Use = tan@ to eliminate P from
Pcosf 6sin45°+2sin60°—4 Pcosd
3.24264 the equations after resolving
Stanfd=———
1.97469...
=1.642

~.0=58.7° (3s.f)

Substitute into (1):
Psin58.65°=6c¢c0s45°—2cos60°

324264

sin 58.65°
P=3.80N (3s.f)

f i 9cos40°+3— Pcos@—8sin20°=0

ii Psin@+9sin40°—-8c0s20°=0
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1 f iii Using result from i:
Pcos@ =9cos40°+3-8sin20° (1)

Using result from ii:
Psin @ =8cos20°—-9sin 40° (2)

(2)+@):
Psin@  8c0s20°-9sin40°
Pcost 9cos40°+3—8sin20°
~tang =132
7.158
=0.242
5.0=13.6°(3s.f)
Substitute into (2):
Pcos13.6°=9¢c0s40°+3—8sin20°
=7.158

7158
 cos13.6°
=7.36 (3 s.f)

Yo
.

60°

30°

ii R(>), O-Pcos60°=0 (1)
R(T), Psin60°-4y3=0 )

From (2):
4B

" sin60° 3
:4\/§xi sin60 :7
3

NE

=8N
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2 a ii Substitute P=8 N into (1):

0 =8cos60° |
—eyl c0s60° = —
—8x2 2
=4N
b i
4N PN
45° 0°
—€

7N

ii R(—), 4cos45°+Pcosd-7=0
.. Pcos@="7—4cos45° (1)

R(T), 4sin45°— Psin@ =0

.. Psin@ =4sin45° (2)

2)=): Psiné
Psinf  4sin45° Use Poosd = tand to eliminate P from
Pcos¢  7-4cos45° the equations after resolving

2.828
cotanf=———

4.172

=0.678

~.0=34.1° 3s.f)

Substitute 8 =34.1° into equation (2):
. 2.828
~ sin34.1°

P=5.04N (3s.f)

3 a R(—>), P=5c0s30°=4.33N Jf'*...

-“F#x

R(T), Q=5sin30°=2.5N
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3 b R(/), 0-10sin45°=0 (1)
R('\), P—-10c0s45°=0 (2)

From (2), P =10cos45°

=5V2

=7.07N (3s.f)

From (1), O =10sin45°

=52

=7.07N (3s.f)

¢ R(/), Q+2c0s60°-6sin60°=0 (1)
R(\), P-2sin60°-6c0s60°=0 (2)

From (2), P =2sin60°+ 6.cos 60°
P=4733s.f)

From (1), QO =6sin60°—-2cos60°

0=420(3s.f)
You may give your answers as exact answers
3 . 1
using surds as cos30° = 7, sin30° = E’ and
. 1 2 )
sin45° = cos45° = T = B or you may give
2
answers to 3 significant figures, using a calculator.
d R(/"), 8cos45°-10sin30°- Q=0 (1) IS
R(N\), P+8sin45°~10c0s30°=0 2) .

From (2), P =10c0s30°—8sin45°

=5J3-42

=3.00N (3 s.f.)

From (1), =8c0s45°—10sin 30°

=42 -5

=0.657N (3 s.f)
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3 e R(\). 8sin30°-Qc0s30°=0 (1) fa
R(/), P-Qsin30°-8cos30°=0 (2) ’

&sin 30°
cos 30°
=&tan 30°

83 !

3 3
=4.62N (3 s.f)

From (1), O =

Substitute into (2):
P =Qsin30°+8cos30°

N EIS 5

X . 1
3 <3 13%5 sin30°=—, cos30°=—
i 2 2
:%+4\/§
_16\3

3
=9.24N (3 s.f))
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Challenge
By extending the line of action of each force backwards through the centre, we can find the acute angles
between the lines of action of each of the forces.

Using the sine rule:
A B C

sin(180—a)  sin(180— B)  sin(180—y)

But, for any angle 6, sin(180—6)=sind

Hence,
A B C

sina@  sinf siny
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