Name: Class: Date: Ib: A

Equilibrium part 1

Short Answer

1. A 228N weight is supported by two ropes fastened together by a knot, as shown in the diagram
below. The angle g = 38" and the angle ¢ = 22° (4 marks)

rope 1 rope 2
Diagram Not Drawn to Scale P2 knot
we lt N)
a) What is the tension in rope 17 (2 marks)
ANSWER:
b) What is the tension in rope 2? (2 marks)
ANSWER:




Name: Ib: A

2. A 75kg mass is supported by two ropes fastened together by a knot, as shown in the diagram below.
The angle g = 5%° and the angle ¢ = 69° shown suspended by two ropes. (4 marks)

mass (kg)

a) What is the tension in rope 17 (2 marks)

ANSWER:

b) What is the tension in rope 27 (2 marks)

ANSWER:




Name: 1D: A

3. Two cables support a vertical tower. The tension in each cable is shown.
fension, = 323N tension, = 64N

tension, (N)

tension, (N)

e —¥

What is the angle g7 (3 marks)

ANSWER:
4. Two forces act at point P as shown below.
F,
P
' — =
IN | F
IN

Find the magnitude of the third force required to achieve equilibrium.

ANSWER:




Name; ID: A

5. A 11kg mass is suspended from a cord at an angle of 23°.

—/ . cord

force (N) T TNASS (ke)

What force is needed to hold it at that angle? (3 marks})

ANSWER:

6. A mass is suspended from a cord at an angle of 64°. The mass is held as shown with a horizontal
498N force.

S o] (¢

/_—mass (kg)

 force (N) i‘"

Find the mass. (3 m;arks)

ANSWER:




Name: 1ID: A

7. A 21ko mass is suspended from a cord. The mass is held as shown with a horizontal 163N force.

"7 -ass (kg)

 force (N} (’

Find the angle g. (3 marks})

ANSWER:

8. A 43kg mass suspended by a string is held 43° from vertical as shown.

Find the force,

ANSWER:




Name: ID: A

9. A mass suspended by a string is held 39° from vertical by a force of 408 N as shown.

Find the mass.

ANSWER:

10. A 11kg mass suspended by a string is held at an angle g from vertical as shown by a force of 52N,

Find the angle.

ANSWER:




ID: A

Equilibrium part 1
Answer Section

SHORT ANSWER

1. A 228N weight is supported by two ropes fastened together by a knot, as shown in the diagram
below. The angle g = 38° and the angle ¢ = 22° (4 marks)

\\\9
.

N

\\?
Ny

A
rope 1 e

Diagram Not Drawn to Scale

ANSWER: (4 marks)
a) What is the tension in rope 1?7 (2 marks)
LF,=0

-T. +7T, =0
1 2

—T, cos(g)+71,-cos(¢) =0

_ T~ cos(p)
> cos(f)
LF,=0

T, +T, —W=0

T, sin(g)+ T, - sin(¢) = W
0s{p)

7 T -c
1'5“1(6)+76“("—

< o=V

cos(g)

w 228N -y

r, cos(g) cos(38) . |
Lsm@”’” cos(d) cos(zz) Sn22) )

b) What is the tension in rope 2? (2 marks})

T, {sin(@) 1 cos0) sin(qﬁ)} W

T, =

o) oG
- Sin ! ! 8in +
J 1




LE, =0
I, +T, =0
-7, cos(@)+ T, cos(¢) =0
B T, cos(¢)
' cos(g)
LF,=0

T, +T, —W=0
T, sin(g)+ T, sin(¢) = W

T, cos(¢)
cos(g)

f cos(¢)
L | cos(g)

- sin(p) + 7, - sin(¢) = W

- sin(g) + sin(qﬁ)} =W

_ w

228N

(cos(f) N eos(22)
Lcos(g) TO)* sin(g) ] cos(38)

OR using the geometry method:

weight

- sin(38°) + sin(22°)]

= 207.46N

D:




a_ _ b _.c
sind sinB sinC

T _ weight

sin(90° — ) sin(g + ¢)
_ weight- sin(90° = §) 228N sin(90° - 22°)

_ = 244.1N
t sin(g + ¢) sin(38° + 22°) -
7, _ weight
sin(90° —g) ~ sin(p + )
- weight - sin(90° — g) _ 228N sin(90° — 38°) — 207.46N

sin(g + ¢) sin(38° + 22°)




ID: A

2. A 75kg mass is supported by two ropes fastened together by a knot, as shown in the diagram below.
The angle g = 59° and the angle ¢ = 69° shown suspended by two ropes. (4 marks)
0 A

Ropa

Rope 2

mass (kg

ANSWER: (4 ﬁlarlis)
a) What is the tension in rope 17 (2 marks)
YF. =0

- +7T, =0
1 3

-1, cos{g)+ T, - sin(¢) = 0

T, cos(g)
P sin(g)
LF,=0
T, +T, -W=0

T, sin{g)+ 7, - cos(¢) = m- 9.8m/ s*

. Tl ’ COS(Q) 2
T, sin(g)+ @) cos(¢)y=m- 9.8m/ s

T, [sin(g) + Cs?j((g)) : cos(qﬁ)j = m. 9.8m/
T, = ( m.f,s(n;;ﬁ - 75kg0;)59(.§;7;/sz \ _ 696.7TN
. 0s .
Lsm(9)+ 5@5 : cos(qﬁ)}' '\sm(59)+ Sn(69) cos(69))'1

b) What is the tension in rope 27 (2 marks)
T, cos(g)  696.7TN- cos(5%°)
2T Tsin(gy | sin(6%°)
OR using the geometry method:

= 384.39¥

welglt




a _ b _ ¢
sind sinf  sinC

Ty weight
sin(¢)  sin(g+ 90° - )

_m-9.8m/s" - sin(g)  75kg- 9.8m/ s’ sin(69°)
L7 sin(g+90° —¢) sin(59° +90° — 69°)

= 696.77N

T, B weight
sin(90° —g)  sin(g + 90° — )

m-9.8m/s” - sin(00° —g)  75kg- 9.8m/s” sin(90° - 59)
Sin(EL o0 —@) sin(5%° + 90° — 69

T, = = 384.39N

. Two cables support a vertical tower. The tension in each cable is shown.

tension, = 323N tension, = 64N

tension, ()

What is the angle g? (3 marks)
ANSWER: (3 marks)

YF. =0

-1, +T,=0 T, =T,

T,
cos(g) = - T, =1,

1

T
cos(p)” == % =78.57°
1

. adsfds



5. A 11kg mass is suspended from a cord at an angle of 23°.

What force is needed to hold it at that angle? (3 marks)
ANSWER: (3 marks)

YE =0
-F,+F, =0 F_=F,
"L R L R
LF,=0
J;‘
F,-F, =0 F =F tan(@):F— FH

F,=F, tan(g)
FxL ’ tan(@) =m- g

m-g 1lkg-9.8m/s’
= = = 253.96N
*t tan(g) tan(23°) 239

6. A mass is suspended from a cord at an angle of 64°. The mass is held as shown with a horizontal

498N force.

farce (N} ( ::;;‘:
Find the mass. (3 marks)
ANSWER: (3 marks)

YF, =0
—F. +F, =0 F, =F
YF,=0
F)‘

F,-F =0 F =F, tan(g):Fx FxL
F,=F, tan{g)
F, - tan{g)=m- g

F, - tan{g) , o
e _ 498N - tan(64°) - 104.19%g

g 9.8m/ s’

MJ( T mass (ke)

1i:




I A

7, A,,Z,,l,k.g _r_r_l_as_s_li_s_’ sq)s.pgpded from a cord. The mass is held as shown with a horizontal 163N force.

fit7 o cOTd

E T mnss (kg)
Find the angle g. (3 marks)
ANSWER: (3 marks)

LF, =0 ‘
_F_+F._ =0 F_=F, i
-k R L R ‘:

ZFyzO

Fy
F,-F, =0 Fo=F, tan(@):F E, =F

*Rr
F,=F, tang)
F, -tan(g)=m- g

W

tan(g) ' = m-g  2lkg 9.8m/s 516

F 163N

L




LF,=0
T +F ~F =0
Tecosg+Fsing~mg =10
Isolate T

T mg — Fsing
Cosg

YFE =0

-T,+F =0
—Tsing+Fcosg=10
Isolate T

_ Feosg
7 sing

T

mg—Fsing  Fcosg
cosg  sing

Solve for F

mg  Fsing  Fcosg
cosp cosg  sing

mg  Fcosg N Fsing
cosg  sing  cosg

Flf cosg sing _mg

| sing cosg | cosg
’

7 coszg-l—sinzg\,z mg
L sing cosg J' cos g

[ 1 N mg
\ sing- cosg ) cosg

factor out F

Trigonometry Identity; cos’g +sin’g = 1

Cancelthe cosine g

F=sing. mg=sind3°. 43kg- 9.8m/s* = 287.39N

ID:




LF,=0
T,+F,~F,=0
Tcosg+ Fsing—mg=0
Isolate T

T mg — Fsing
cos g

LF, =0
T+ F, =0
~Tsing+ Feosg =0
Isolate T

7o Fcfosg
sing

mg—Fsing  Fcosg
cosg  smg
Solve form

mg  Fsing Fcosg
cosg  cosp  sing

mg  Fcosg N Fsing
cosg sihg = cosp

r .
i eosg  sing \Iz mg
| sihg cosg ) cosp

F'( cos’g+sin’g \l mg

,k sing - cosg )'  cosp

1w
| sing- cosg ) cosg
F 408V

m= " =
gsIng  sin39°. 9.8m/ s’

factor out

Trigonometry Identity: cos®g +sin’g = 1

Cancelthe cosine g

= 66.15kg




10.

LF,=0

r+F -F, =0
Tcosg+ Fsing—mg =0
Isolate 77

Mg - Fsing
cosg

YF =0

T+ F.=0
~T'sing+ Fcosg=0
Isolate T

_ Fcosg
~ sing

T

mg—Fsing Fcosg
cosg  sing

Solve for g

mg  Fsing Fcosg
cosg cosg  sing

mg  Fcosg + Fsing
cosg  sing = cosg

Fi 0050 sing ) mg
| sing cosg ) cosp

F'( COSZQ+SiﬂZQ\| o mg
L sing- cosg }'  cosg

Moo e
| sing- cosg ] cosg

sing = =il 2N

mg kg 9.8m/s”

factor out F°

Trigonometry Identity: cosg + sin’g = 1

Cancelthe cosine g

S0 sy )

o Lmllkgv 9.8m/52J

= 28.84°

10

1D:




