Statistics and Mechanics Year 2 SolutionBank

Applications of forces 7B

1 From symmetry the tension in both strings is the same.

R(1)
Tsin45°+Tsin45°-5g =0
- 2Tsin45°=5g
__ 38
© 2sin45°
_4V2

2
T=34.6N (3s.f)

2 a Let the tension in the string be 7N

R(«)
Tsin30°-10=0
10 10N
~ §in30°
T=20N
b R(T)

T cos30°-mg =0
mg =20co0s30° (since 7 =20N)
20cos30°
m=—————
g

1043

g
=1.8kg (2s.f)

3 Let the tension in the string be 7'N.
R(=)
8—Tsind=0
S Tsind =8 1

R(T) | 12N
Tcosf—-12=0
~Tcos@=12 (2)
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3 a Divide equation (1) by equation (2) to eliminate the tension 7.
Tsinf 8
Tcos® 12

C.tanfd = 2
3

5.0=33.7°(3s.f)
b Substitute into equation (1)

Tsin33.7° =8
8
~ sin33.7°
=14.4 (3s.f)

4 Let the tension in the strings be 7N and S N as shown in the figure.

R(«)
T cos60°—Scos45°=0
IS

3 \/5=o
~T=82 1)

R(1)
T'sin60°+ Ssin45°—6g =0
V3ol

T+ S—— =6g )

2 2

Substitute 7' = S\/E from (1) into equation (2)

S(\/Ex?+LJ=6g

NG
e
g 6g\/§
(V3+1)
=3g2(+3-1)
~30 (2 s.f)

and T = 6g(J§ - 1) —43 2 s.f)
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5 a Let the tension in the string be 7" and the mass of the bead
be m.

Resolve horizontally first to find 7~

R(=)

T cos30°—Tcos60°-2=0
T(cos30°—cos60°) =2

2
c0s 30° —cos 60°

__ 4
S 3-1
~ 4(«/§+1)
_(\/g—l)(\/g+l)
4(v3+1)
2
=2(\3+1)=546N (3s.f)

b R(")
T'sin60°+T'sin30°—mg =0
mg = T (sin 60°+sin 30°)

mzz (\/§+1){§+%J (using T:Z(\/§+1)frompart a)
_4+2\3

g
=0.76kg (2 s.f.)

¢ Modelling the bead as smooth assumes there is no friction between it and the string.
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6 Let the tension in the string be 7" and the mass of the bead be m.

a Resolve horizontally first to find 7.
R(=)
2—-Tcos60°—T cos30°=0
T'(cos 60°+c0s30°) =2
B 2
~ c0s 60°+cos 30°
4

:1+\/§

I

V3-1
X

to rationalise the denomiator
1+4/3 3-1 ( )

(i)

e

=1.46 (3 s.f)
b R(")
T'sin60°—-T'sin30°—mg =0
mg = T(sin 60° —sin 30°)
By,
= 2(\/5—1)(7—5 (using T' = 2(\/5—1) from a)
2
=(v3-1)
=4-23
(4-243)
m=-————->="
g
=0.055kg=55¢g
7 tané?:%:siné?:gand cost9:i . A
Let the normal reaction be R N. \
0 1
a R(—)
Pcosd—-1=0
2
SLP= !
cos@
13
5
P=26
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7 b R(1)
R—Psind-2=0
S.R=Psinf+2
=2.6x£+2
13
=2.4+2
=44

8 a Consider the particle of mass 2m kg first, as it has only two forces
acting on it. This enables you to find the tension.

R(7)
T-2mg=0
o T =2mg

2 E—e——
_|
[ ]

2mg

Consider the particle of mass m kg:
R(=)
T-F=0
L F=T=2mg
=19.6m

R(7)
R-mg=0
S R=mg
=9.8m

b Let 7' be the new tension in the string.

Consider the particle of mas 2m kg:
R(T): T'=2mg

Consider the particle of mass m kg:
R(=)
T'cos30°-F'=0

3
CF = omgx Y2
S

_ Jamg
=17m (2s.f)
R(7)
R'+T'sin30-mg =0
. R'=mg—T'sin30
=mg—2mg><% (using 7'=2mg)

=0
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9 Let the normal reaction be R N.

R(/):
P—-2gsin45°=0
- P=2gsin45°
45°

= 14N (2 s.f)

10 Let the normal reaction be R N.

P
R(/‘):
Pcos45°—4gsin45°=0
4gsin45°
pP=——
cos45° 45°
=4g
=39 (2s.f)

11a Let the normal reaction between the particle P and the plane be R N.
Let the tension in the string be 7'N.

Consider first the 5 kg mass.

(")
T-5g=0
~.T=5g
Consider the 2 kg mass.
R(N)
R—-2gcosf=0
4
R=2gx—
& 5
_8¢
5
=16N (2s.f)
b R(/)
T-F-2gsind=0
F=T-2gsinf
:Sg—2gx% (using T =5g from above)
_19%¢
5
=37N (2s.f)

¢ Assuming the pulley is smooth means there is no friction between it and the string.
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12 Let the normal reaction be R N.

First, resolve along the plane to find P as it is the only unknown when

resolving in that direction.

R(/)
Pcos30°—5c0s45°-20sin45°=0
L po 5c0s45°+20sin45°
cos30°
:[SXQ +20><£]><i
2 2 ) 3

_252
RE
_25J6

3
=20.4 (3 s.f)

R(\)
R+ Psin30°+5sin45°-20co0s45°=0

256
3

R =20cos45°—-5sin45°—- Psin30° (as P=———)

26

4572256
6
=0.400 (3 s.f)

PERE 256
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