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ShunyaSaarthi · Physics XI · T04
Wave A · locate one point and its forces
Try each question before reading its worked route. Solutions follow their questions in this offline edition.
T04-01 · Original practice · MAIN · Single correct
Question
A 2.00 kg lamp hangs by a massless vertical link from a small light (massless) ring. Two ceiling cables also meet at the ring: the left cable is 20° from vertical and the right cable is 50° from vertical. The ring is at rest and g = 9.80 m/s². Which set lists exactly the forces acting ON THE RING?
	The two cable tensions, a 19.6 N downward pull from the lamp link, and an extra upward ceiling reaction acting on the ring.
	Only the two cable tensions; the lamp link acts on the lamp but cannot pull on the ring.
	The two tensions acting away from the ring along their cables and the 19.6 N downward pull of the lamp link on the ring.
	The two tensions directed down along their cables and the 19.6 N downward pull of the lamp link on the ring.

Pause here and work out your answer before reading on.
Concept lens
Isolate the ring, then name each agent: left cable, right cable, and vertical lamp link. The Earth pulls on the lamp; the lamp link transmits an equal 19.6 N downward force to the ring. Cable tensions pull away from the ring.
[image: A lamp hangs below a ring; the ring free-body shows left and right upward cable tensions at 20° and 50° to vertical and a 19.6 N downward link pull.]Reasoning visual for T04-01Reasoning route
	The stationary lamp makes the link tension equal to mg = (2.00 kg)(9.80 m/s²) = 19.6 N. The link pulls downward on the ring; gravity acts on the lamp, not directly on the ring.
Flink on ring=mg=2.00×9.80=19.6 NF_{\mathrm{link\ on\ ring}}=mg=2.00\times9.80=19.6\ \mathrm{N}

	The left cable pulls the ring up-left along its 20° line. The right cable pulls it up-right along its 50° line. Both vectors point away from the ring.

	Those three forces are the complete ring free-body. A invents a ceiling force on the ring, B omits the link pull, and D reverses both cable tensions. Thus C is unique.


Reality check
Horizontal components of the two tensions oppose one another; their vertical components together balance the 19.6 N link pull.
Final answer
Option C: two cable tensions up and outward, plus the 19.6 N downward force of the lamp link on the ring.

Do
Do name the recipient body before drawing a force; the ring feels the link pull rather than gravity acting directly on it.

Don’t
Don't draw a ceiling reaction at the ring or point a tension toward the ring.


T04-02 · Original practice · MAIN · Single correct
Question
Two strings pull a small knot with tension magnitudes 5.0 N and 7.0 N. A third string has tension magnitude X. For three NON-COLLINEAR tensions to balance the knot, which is the complete allowed interval for X?
	2.0 N < X < 12.0 N.
	0 < X < 12.0 N; any positive third tension below the sum works.
	X < 2.0 N or X > 12.0 N.
	2.0 N ≤ X ≤ 12.0 N, including collinear endpoint cases.

Pause here and work out your answer before reading on.
Concept lens
Three non-collinear force vectors close head-to-tail only when their magnitudes form a non-degenerate triangle.
[image: A three-vector closed triangle has sides 5.0 N, 7.0 N and X; collinear endpoint examples explain why 2.0 < X < 12.0 N is strict.]Reasoning visual for T04-02Reasoning route
	For side lengths 5.0, 7.0 and X, the triangle inequality requires X to be less than the sum 5.0 + 7.0 = 12.0 N.
X<5.0+7.0=12.0 NX<5.0+7.0=12.0\ \mathrm{N}

	The other two inequalities require 7.0 < 5.0 + X, or X > 2.0 N. Strict inequalities exclude collinear, zero-area triangles.
X>7.0−5.0=2.0 NX>7.0-5.0=2.0\ \mathrm{N}

	Combine the bounds: 2.0 N < X < 12.0 N. B admits impossible small X, C selects impossible regions, and D incorrectly includes degenerate endpoints.
2.0 N<X<12.0 N2.0\ \mathrm{N}<X<12.0\ \mathrm{N}


Reality check
An example X = 11.0 N lies inside the interval and makes a closed triangle; X = 12.0 N would force collinearity.
Final answer
The complete non-collinear range is 2.0 N < X < 12.0 N (Option A).

Do
Do use both the sum and difference bounds for the third side of a force triangle.

Don’t
Don't include equality when the stem requires a non-collinear triangle.


T04-03 · Original practice · MAIN · Single correct
Question
A light rigid signboard runs from a wall hinge H = (0, 0) m to an outer corner E = (4.0, 2.0) m. A horizontal strut pushes at the board midpoint M = (2.0, 1.0) m. A cable pulls at E toward wall anchor P = (0, 1.0) m. The board is in equilibrium under these three non-parallel forces only. Along which line must the hinge reaction act?
	The vertical line through H and P, because the strut and cable lines meet at P.
	The horizontal line y = 0 through H, because the strut is horizontal.
	The oblique cable line through E and P, regardless of the hinge location.
	Any line through H is sufficient once the force magnitudes sum to zero.

Pause here and work out your answer before reading on.
Concept lens
For a light rigid body under three non-parallel, nonzero forces, their lines of action must meet at one point in equilibrium. Concurrency removes the net moment; vector force balance is also required.
[image: A tilted signboard and its three force lines meet at P=(0,1) m; the hinge reaction runs vertically from H=(0,0) through P.]Reasoning visual for T04-03Reasoning route
	The strut acts horizontally through M, so its line of action is y = 1.0 m. The cable acts along E-to-P and passes through P = (0, 1.0) m.

	Those two non-parallel lines intersect at P. For three-force rigid-body equilibrium, the hinge reaction's line must pass through the same P and through its application point H.

	H = (0,0) and P = (0,1.0) define the vertical line x = 0. Concurrency removes moments about P; the actual force magnitudes must still satisfy vector balance. Therefore A is correct.
x=0(line through H and P)x=0\quad\text{(line through }H\text{ and }P\text{)}


Reality check
With strut force right, cable force toward P is down-left and a vertical upward hinge reaction can close the force triangle; all three lines pass through P.
Final answer
The hinge reaction must act vertically along H–P, the line x = 0 (Option A).

Do
Do locate the intersection of two known lines of action, then make the third pass through it.

Don’t
Don't treat concurrency as a substitute for checking the vector force sum.


T04-04 · Original practice · MAIN · Single correct
Question
A light ring is stationary on a smooth vertical guide. A rope pulls the ring up-right with T = 60.0 N at 30.0° above the horizontal, while a hanging load pulls it down with W = 30.0 N. Which free-body description gives the correct direction and magnitude of the guide reaction R?
	R = 30.0 N upward along the guide, balancing the load.
	R = 60.0 N down-left along the rope, opposite the entire tension.
	R = 52.0 N horizontally right, in the same direction as the rope's horizontal pull.
	R = 52.0 N horizontally left, normal to the smooth guide and opposing the rope's horizontal pull.

Pause here and work out your answer before reading on.
Concept lens
A smooth vertical guide can exert only a horizontal normal force. For this stationary ring, the rope's upward component equals the load and the reaction cancels the rope's rightward component.
[image: A ring on a vertical guide has three forces: 60.0 N tension up-right at 30 degrees, 30.0 N down, and 52.0 N guide reaction left.]Reasoning visual for T04-04Reasoning route
	Vertical balance is possible because T sin30.0° = (60.0 N)(0.500) = 30.0 N, exactly equal to the downward load W.
Tsin⁡30.0∘=60.0(0.500)=30.0 N=WT\sin30.0^{\circ}=60.0(0.500)=30.0\ \mathrm{N}=W

	The rope's horizontal component is T cos30.0° = 51.96 N to the right. The smooth guide reaction has no vertical component and must point left with the same magnitude.
R=Tcos⁡30.0∘=60.0(0.8660)=52.0 NR=T\cos30.0^{\circ}=60.0(0.8660)=52.0\ \mathrm{N}

	A and B assign an impossible direction to a smooth-guide normal; C has the right magnitude but wrong direction. D is the unique complete free-body description.


Reality check
Vertical: 30.0 N up minus 30.0 N down = 0. Horizontal: about 52.0 N right minus 52.0 N left = 0.
Final answer
R = 52.0 N horizontally left; the ring also has T = 60.0 N up-right and W = 30.0 N down (Option D).

Do
Do check vertical equilibrium before assigning a horizontal guide reaction.

Don’t
Don't give a smooth vertical guide a vertical friction force or point R with the rope's horizontal pull.


T04-05 · Original practice · MAIN · Single correct
Question
A 0.500 kg bob is held at a fixed position by two taut strings anchored inside a trolley. The trolley moves along a straight horizontal track at constant 15.0 m/s. Take g = 9.80 m/s². Which statement explains why 15.0 m/s does not enter the bob's tension-balance equations?
	The strings are massless, so they cancel gravity and the bob's weight is zero.
	The bob has zero acceleration in this uniformly translating trolley; ΣF = 0, while its weight remains 4.90 N downward.
	Its kinetic energy is constant, so each string must carry exactly half the weight, 2.45 N, regardless of angle.
	The 15.0 m/s speed creates an inertial force that automatically cancels the bob's weight.

Pause here and work out your answer before reading on.
Concept lens
Uniform translation does not produce acceleration. The trolley frame is inertial when it moves straight at constant velocity, so the bob's tensions and 4.90 N weight have zero vector sum.
[image: A bob fixed by two strings inside a trolley moving right at constant 15.0 m/s has up-left and up-right tensions and 4.90 N weight downward; acceleration is zero.]Reasoning visual for T04-05Reasoning route
	The bob is fixed relative to a trolley that moves straight with constant velocity, so its acceleration is zero in both the ground and trolley inertial frames.
a⃗=0⇒∑F⃗=ma⃗=0\vec a=0\quad\Rightarrow\quad\sum\vec F=m\vec a=0

	Its mass still matters to the downward gravitational force: W = mg = (0.500 kg)(9.80 m/s²) = 4.90 N. The string tensions' components balance this weight.
W=mg=0.500×9.80=4.90 NW=mg=0.500\times9.80=4.90\ \mathrm{N}

	No 15.0 m/s term appears because force balance depends on acceleration, not a constant translational speed. A, C and D add false cancellations or inertial effects. Choose B.


Reality check
A straight, uniformly translating trolley frame needs no fictitious acceleration force; changing its constant speed would not change the equilibrium equations.
Final answer
Option B: zero acceleration gives ΣF = 0, while the bob still has a 4.90 N downward weight.

Do
Do identify whether the support frame accelerates before adding any inertial-force term.

Don’t
Don't split the 4.90 N weight equally between angled strings without resolving their components.


T04-06 · Original practice · MAIN · Numerical
Question
A light ring in a taut rope is pushed horizontally RIGHT by H = 3.00 N. The upper rope segment runs up-left from the ring and the lower segment runs down-left, each at θ = 20.0° to the vertical. Both segments have the same tension magnitude T. Let T_v = T cosθ be the magnitude of EACH segment's vertical component; neglect the ring's weight. Find T_v in newtons.
Pause here and work out your answer before reading on.
Concept lens
At a symmetric kink, the rope's vertical components cancel but BOTH horizontal components oppose the applied push. Thus H = 2T sinθ = 2T_v tanθ, with a factor of two.
[image: A ring pushed right by 3.00 N bends a rope into two left-running segments at 20.0° from vertical; each contributes a leftward component and the vertical components cancel.]Reasoning visual for T04-06Reasoning route
	Each of the two rope segments pulls the ring left with horizontal component T sinθ, while their equal vertical components are opposite and cancel.

	Horizontal equilibrium gives H = 2T sinθ. Since T_v = T cosθ for EACH segment, divide by cosθ to obtain H = 2T_v tanθ.
H=2Tsin⁡θ=2Tvtan⁡θH=2T\sin\theta=2T_v\tan\theta

	Therefore T_v = H/(2 tanθ) = 3.00/[2 tan(20.0°)] = 4.121... N, which is 4.12 N to three significant figures.
Tv=3.002tan⁡20.0∘=4.12 NT_v=\dfrac{3.00}{2\tan20.0^{\circ}}=4.12\ \mathrm{N}


Reality check
Using T_v = 4.12 N gives 2T_v tan20.0° ≈ 3.00 N, matching the 3.00 N push within rounding.
Final answer
T_v = H/[2 tan(20.0°)] = 4.12 N. The two leftward rope components together balance H.

Do
Do count the horizontal pull from BOTH rope segments at the kink.

Don’t
Don't use the one-segment formula H = T_v tanθ for this two-segment geometry.


T04-07 · Original practice · MAIN · Single correct
Question
Two force vectors are drawn head-to-tail: A = 3.0 N to the right (3.0 î N) and B = 4.0 N upward (4.0 ĵ N). Which third vector C closes the triangle so that the resultant is zero?
	C = −5.0 î N, purely leftward.
	C = −5.0 ĵ N, purely downward.
	C = (−3.0 î − 4.0 ĵ) N, magnitude 5.0 N down-left.
	C = (−1.0 î − 1.0 ĵ) N, diagonally down-left.

Pause here and work out your answer before reading on.
Concept lens
The closing vector is the negative of the head-to-tail sum: C = −(A+B); both horizontal and vertical components must cancel.
[image: A rightward 3.0 N vector, then an upward 4.0 N vector, then a down-left 5.0 N vector return to the origin.]Reasoning visual for T04-07Reasoning route
	Add the first two components: A+B = (3.0 î + 4.0 ĵ) N, which points up-right.
A⃗+B⃗=(3.0ı^+4.0ȷ^) N\vec A+\vec B=(3.0\hat\imath+4.0\hat\jmath)\ \mathrm{N}

	For zero resultant, C = −(A+B) = (−3.0 î − 4.0 ĵ) N, so the final arrow returns from B's head to the original tail.
C⃗=−(A⃗+B⃗)=(−3.0ı^−4.0ȷ^) N\vec C=-(\vec A+\vec B)=(-3.0\hat\imath-4.0\hat\jmath)\ \mathrm{N}

	Its magnitude is √(3.0²+4.0²) = 5.0 N. A and B each omit one component, and D is too small; option C is unique.
∣C⃗∣=3.02+4.02=5.0 N|\vec C|=\sqrt{3.0^2+4.0^2}=5.0\ \mathrm{N}


Reality check
A+B+C = (3.0−3.0) î + (4.0−4.0) ĵ = 0, and a 3–4–5 triangle gives magnitude 5.0 N.
Final answer
C = (−3.0 î − 4.0 ĵ) N, magnitude 5.0 N down-left (Option C).

Do
Do subtract each component of A+B to obtain the closing vector.

Don’t
Don't use a purely horizontal or vertical 5.0 N arrow to close a two-component resultant.


T04-08 · Original practice · MAIN · Single correct
Question
A 60.0 N load hangs from a knot supported by two identical massless ropes. Each rope makes θ = 40.0° with the vertical. What is the tension in EACH rope, to the nearest 0.1 N?
	39.2 N.
	30.0 N.
	46.7 N.
	78.3 N.

Pause here and work out your answer before reading on.
Concept lens
The horizontal components of symmetric tensions cancel; each rope supplies only T cosθ vertically, so 2T cosθ = W.
[image: A knot with a 60.0 N load has two symmetric ropes at 40.0° from vertical; vertical tension components add while horizontal components cancel.]Reasoning visual for T04-08Reasoning route
	Resolve the two equal rope tensions vertically. Their horizontal components cancel, and vertical equilibrium requires 2T cos40.0° = 60.0 N.
2Tcos⁡40.0∘=60.0 N2T\cos40.0^{\circ}=60.0\ \mathrm{N}

	Solve T = 60.0/[2 cos40.0°] = 60.0/1.53209 = 39.162... N; round to the requested 0.1 N to get 39.2 N.
T=60.02cos⁡40.0∘=39.2 NT=\dfrac{60.0}{2\cos40.0^{\circ}}=39.2\ \mathrm{N}

	This exceeds W/2 = 30.0 N because each inclined rope's vertical component is smaller than its full tension. B ignores geometry, C swaps sine for cosine, and D omits the factor of two.


Reality check
2(39.162... N)cos40.0° = 60.0 N; the symmetric horizontal components cancel.
Final answer
Each rope carries 39.2 N (Option A), greater than the 30.0 N half-weight.

Do
Do resolve each inclined tension vertically and use both ropes.

Don’t
Don't equate full tension with half the load; only its vertical component supports weight.


T04-09 · Original practice · ADVANCED · Numerical
Question
A light rope passes over a small light frictionless pulley. One vertical end supports a stationary 5.00 kg mass; the other vertical end is anchored to the floor, so BOTH rope segments pull downward on the pulley. The pulley is held by two ceiling cords: cord 1 runs up-left at 40.0° from vertical, cord 2 up-right at 70.0° from vertical. With g = 9.80 m/s², find the rope tension and both ceiling-cord tensions in newtons.
Pause here and work out your answer before reading on.
Concept lens
A frictionless pulley gives equal tension in both rope segments; the pulley feels two downward rope pulls, while the stationary load feels one upward rope tension. Ceiling-cord components balance twice the rope tension.
[image: A 5.00 kg mass and a floor anchor occupy opposite rope ends below a light pulley; two 49.0 N rope pulls act down on it, balanced by ceiling cords at 40.0° and 70.0°.]Reasoning visual for T04-09Reasoning route
	The mass is stationary, so one rope tension balances its weight: T_rope = mg = (5.00)(9.80) = 49.0 N.
Trope=mg=5.00×9.80=49.0 NT_{\mathrm{rope}}=mg=5.00\times9.80=49.0\ \mathrm{N}

	Each of the two vertical rope segments pulls the pulley DOWN by 49.0 N, a total of 98.0 N. Let ceiling-cord tensions T1 and T2 act up-left at 40.0° and up-right at 70.0°.

	Horizontal and vertical equilibrium of the pulley give T1 sin40.0° = T2 sin70.0° and T1 cos40.0° + T2 cos70.0° = 98.0 N.
T1sin⁡40.0∘=T2sin⁡70.0∘,T1cos⁡40.0∘+T2cos⁡70.0∘=98.0T_1\sin40.0^{\circ}=T_2\sin70.0^{\circ},\quad T_1\cos40.0^{\circ}+T_2\cos70.0^{\circ}=98.0

	Solving the pair gives T1 = 98.0 sin70.0°/sin110.0° = 98.0 N and T2 = 98.0 sin40.0°/sin110.0° = 67.0 N (three significant figures).
T1=98.0sin⁡70.0∘sin⁡110.0∘=98.0 N,T2=98.0sin⁡40.0∘sin⁡110.0∘=67.0 NT_1=\dfrac{98.0\sin70.0^{\circ}}{\sin110.0^{\circ}}=98.0\ \mathrm{N},\quad T_2=\dfrac{98.0\sin40.0^{\circ}}{\sin110.0^{\circ}}=67.0\ \mathrm{N}


Reality check
T1 sin40.0° and T2 sin70.0° are both about 63.0 N; T1 cos40.0° + T2 cos70.0° ≈ 98.0 N. T1 happens to equal 98.0 N here because sin110.0° = sin70.0°, not as a general rule.
Final answer
Rope tension = 49.0 N; ceiling cord 1 (40.0° side) = 98.0 N; ceiling cord 2 (70.0° side) = 67.0 N.

Do
Do isolate the mass and pulley separately; count both 49.0 N rope pulls on the pulley.

Don’t
Don't treat the pulley as carrying only one rope tension or assume its ceiling cords share the load equally.


T04-10 · Original practice · MAIN · Single correct
Question
A rigid triangular plate has vertices A=(0,0) m, B=(0.400,0) m, and C=(0,0.300) m. In-plane forces are applied: at A, F1=(+10.0,0) N; at B, F2=(0,+10.0) N; at C, F3=(−10.0,−10.0) N. Their vector sum is zero. What is the net moment about A, and what does it imply? Take counterclockwise as positive.
	0 N·m; zero resultant force guarantees rigid-body equilibrium.
	+7.00 N·m counterclockwise; the plate is not in rotational equilibrium despite zero net force.
	+1.00 N·m counterclockwise; the moments at B and C cancel almost completely.
	−7.00 N·m clockwise; zero net force leaves a clockwise couple.

Pause here and work out your answer before reading on.
Concept lens
Zero resultant force removes translational acceleration, but a rigid body still needs zero net moment. Here the non-concurrent forces leave a positive couple.
[image: Three forces on a triangular plate sum to zero, yet forces at B and C have counterclockwise moments of 4.00 and 3.00 N·m about A, totalling +7.00 N·m.]Reasoning visual for T04-10Reasoning route
	Add components: (10.0+0−10.0, 0+10.0−10.0) N = (0,0) N. The particle force equations are satisfied.
∑Fx=0,∑Fy=0\sum F_x=0,\qquad\sum F_y=0

	Take moments about A using τ_z = xF_y − yF_x. F1 acts at A and has zero moment; at B, τ2=(0.400)(10.0)=+4.00 N·m; at C, τ3=−(0.300)(−10.0)=+3.00 N·m.
τA=0+(0.400)(10.0)−(0.300)(−10.0)=+7.00 N m\tau_A=0+(0.400)(10.0)-(0.300)(-10.0)=+7.00\ \mathrm{N\,m}

	Both moments are counterclockwise and add to +7.00 N·m. Hence the plate is not in rotational equilibrium despite ΣF=0; rigid-body equilibrium also requires Στ_A=0. Choose B.


Reality check
The moment is positive about A, and because the net force is zero it has the same +7.00 N·m value about any origin.
Final answer
+7.00 N·m counterclockwise; zero net force is insufficient for rigid-body equilibrium (Option B).

Do
Do check both ΣF=0 and Στ=0 for an extended rigid body.

Don’t
Don't assume three forces with zero vector sum also have concurrent lines of action.


ShunyaSaarthi · Physics XI · T04
Wave B · resolve and solve
Try each question before reading its worked route. Solutions follow their questions in this offline edition.
T04-11 · Original practice · MAIN · Single correct
Question
A light ring is at rest at the junction of three cords. A load of weight 120 N120\,\text{N} pulls vertically downward on the ring. The left ceiling cable pulls the ring up-left at 30∘30^\circ above the horizontal, and the right ceiling cable pulls the ring up-right at 50∘50^\circ above the horizontal. Take +x+x to the right and +y+y upward. What are the tensions in the left and right cables?
	TL=78.3 N,  TR=105.5 NT_L=78.3\,\text{N},\; T_R=105.5\,\text{N}
	TL=105.5 N,  TR=78.3 NT_L=105.5\,\text{N},\; T_R=78.3\,\text{N}
	TL=60.0 N,  TR=60.0 NT_L=60.0\,\text{N},\; T_R=60.0\,\text{N}
	TL=120sin⁡30∘ N,  TR=120sin⁡50∘ NT_L=120\sin30^\circ\,\text{N},\; T_R=120\sin50^\circ\,\text{N}

Pause here and work out your answer before reading on.
Concept lens
For a particle in equilibrium, the vector sum of all concurrent forces on it is zero; here the two unknown cable tensions must cancel both the horizontal components and the known downward load.
[image: Equilibrium ring with a 120 N downward load and two unequal inclined supporting cable tensions.]Reasoning visual for T04-11Reasoning route
	Write horizontal equilibrium. The left tension has negative xx-component and the right tension has positive xx-component.
∑Fx=0:−TLcos⁡30∘+TRcos⁡50∘=0\sum F_x=0:\quad -T_L\cos30^\circ+T_R\cos50^\circ=0

	Express the right tension in terms of the left tension.
TR=TLcos⁡30∘cos⁡50∘T_R=T_L\frac{\cos30^\circ}{\cos50^\circ}

	Write vertical equilibrium using the upward components of both cable tensions.
∑Fy=0:TLsin⁡30∘+TRsin⁡50∘−120=0\sum F_y=0:\quad T_L\sin30^\circ+T_R\sin50^\circ-120=0

	Substitute the first relation into the vertical equation and solve numerically.
TL(0.500+0.86600.6428(0.7660))=120  ⇒  TL=78.3 NT_L\left(0.500+\frac{0.8660}{0.6428}(0.7660)\right)=120\;\Rightarrow\;T_L=78.3\,\text{N}

	Use the horizontal relation to obtain the other tension.
TR=78.3(0.86600.6428)=105.5 NT_R=78.3\left(\frac{0.8660}{0.6428}\right)=105.5\,\text{N}


Reality check
The right cable is steeper, so for horizontal balance it can have the larger tension while still giving the required upward resultant. Units are newtons throughout.
Final answer
TL=78.3 NT_L=78.3\,\text{N} and TR=105.5 NT_R=105.5\,\text{N}.

Do
Resolve each tension using the angle it makes with the horizontal, then apply ∑Fx=0\sum F_x=0 and ∑Fy=0\sum F_y=0.

Don’t
Do not split the load directly between the two cables by angle alone; the horizontal components must cancel too.

Common wrong move
A tempting mistake is to set TLsin⁡30∘=TRsin⁡50∘T_L\sin30^\circ=T_R\sin50^\circ. Vertical components add; they do not cancel.
Try a transfer
If both cable angles were increased toward vertical, how would the total required cable tension change for the same load?

T04-12 · Original practice · MAIN · Numerical
Question
A small ring is at rest in a horizontal-vertical coordinate frame. Two known forces act on it: 18.0 N18.0\,\text{N} to the right and 24.0 N24.0\,\text{N} downward. A third force F⃗3\vec F_3 is applied so that the ring remains in equilibrium. Find F⃗3\vec F_3, its magnitude, and its direction measured counterclockwise from the +x+x-axis.
Pause here and work out your answer before reading on.
Concept lens
The balancing force is the negative of the resultant of the other concurrent forces.
[image: A ring is pulled right and down; the balancing third force points up-left.]Reasoning visual for T04-12Reasoning route
	Write the two known forces as components.
F⃗1=18.0 i^ N,F⃗2=−24.0 j^ N\vec F_1=18.0\,\hat i\,\text{N},\qquad \vec F_2=-24.0\,\hat j\,\text{N}

	Use equilibrium: the vector sum of all three forces must vanish.
F⃗1+F⃗2+F⃗3=0⃗\vec F_1+\vec F_2+\vec F_3=\vec 0

	Therefore the third force is the negative of the sum of the first two.
F⃗3=−(18.0i^−24.0j^)=(−18.0i^+24.0j^) N\vec F_3=-(18.0\hat i-24.0\hat j)=(-18.0\hat i+24.0\hat j)\,\text{N}

	Find the magnitude using the Pythagorean theorem.
∣F⃗3∣=18.02+24.02=30.0 N|\vec F_3|=\sqrt{18.0^2+24.0^2}=30.0\,\text{N}

	The vector lies in quadrant II; its reference angle is tan⁡−1(24/18)=53.1∘\tan^{-1}(24/18)=53.1^\circ.
θ=180∘−53.1∘=126.9∘\theta=180^\circ-53.1^\circ=126.9^\circ


Reality check
The third force has leftward and upward components, exactly opposing the rightward and downward resultant. The magnitude 30 N30\,\text{N} is consistent with a 33-44-55 triangle scaled by 6.
Final answer
F⃗3=(−18.0i^+24.0j^) N\vec F_3=(-18.0\hat i+24.0\hat j)\,\text{N}, ∣F⃗3∣=30.0 N|\vec F_3|=30.0\,\text{N}, direction 126.9∘126.9^\circ from +x+x.

Do
First add the known forces, then reverse the resultant.

Don’t
Do not report the resultant of the known forces as the balancing force; its direction must be opposite.

Common wrong move
Using (+18,−24) N(+18,-24)\,\text{N} for the third force gives a resultant twice as large instead of zero.
Try a transfer
How would the answer change if the downward force were 24 N24\,\text{N} upward instead?

T04-13 · Original practice · MAIN · Single correct
Question
A small particle of weight 20.0 N20.0\,\text{N} is in contact with a smooth vertical guide on its right side that can exert only a horizontal normal reaction. A separate vertical support exerts an upward force SS on the particle. An applied force of magnitude 40.0 N40.0\,\text{N} acts on the particle at 25.0∘25.0^\circ below the positive horizontal direction, pushing it down-right. The particle is at rest. What value of SS is required?
	20.0 N20.0\,\text{N}
	36.9 N36.9\,\text{N}
	40.0 N40.0\,\text{N}
	56.3 N56.3\,\text{N}

Pause here and work out your answer before reading on.
Concept lens
Only the vertical components enter the vertical support equation; the smooth vertical guide handles horizontal balance.
[image: A particle is pushed down-right while a vertical support and a smooth guide maintain equilibrium.]Reasoning visual for T04-13Reasoning route
	List vertical forces. The support SS is upward, weight is downward, and the applied force has a downward vertical component.
Fapplied,y=−40.0sin⁡25.0∘F_{\text{applied},y}=-40.0\sin25.0^\circ

	The smooth vertical guide gives no vertical force, so it does not appear in ∑Fy\sum F_y.
Ry=0R_y=0

	Apply vertical equilibrium.
∑Fy=0:S−20.0−40.0sin⁡25.0∘=0\sum F_y=0:\quad S-20.0-40.0\sin25.0^\circ=0

	Substitute the numerical value.
S=20.0+40.0(0.4226)=36.9 NS=20.0+40.0(0.4226)=36.9\,\text{N}


Reality check
The required support exceeds the weight because the applied force also pushes downward. The answer has units of force and is less than 20+40=60 N20+40=60\,\text{N}, which is reasonable.
Final answer
S=36.9 NS=36.9\,\text{N}.

Do
Use the vertical component 40sin⁡25∘40\sin25^\circ, since the angle is given from the horizontal.

Don’t
Do not add the full 40 N40\,\text{N} to the weight; only its downward component affects vertical support.

Common wrong move
Using 40cos⁡25∘40\cos25^\circ as the vertical component gives an overestimate because 25∘25^\circ is measured from the horizontal.
Try a transfer
If the same 40 N40\,\text{N} force acted 25∘25^\circ above the horizontal, what would happen to SS?

T04-14 · Original practice · MAIN · Single correct
Question
A mass of 10.0 kg10.0\,\text{kg} hangs at rest from the midpoint of a light symmetric V-shaped rope. Each side of the rope makes an angle θ\theta with the vertical, and the tension is the same TT in both sides. Take g=9.80 m s−2g=9.80\,\text{m s}^{-2}. Which statement correctly gives TT and describes what happens as the V narrows, meaning θ\theta decreases toward 0∘0^\circ?
	T=98.02sin⁡θT=\dfrac{98.0}{2\sin\theta}; as θ→0∘\theta\to0^\circ, T→∞T\to\infty.
	T=98.02cos⁡θT=\dfrac{98.0}{2\cos\theta}; as θ→0∘\theta\to0^\circ, T→49.0 NT\to49.0\,\text{N}.
	T=98.0cos⁡θT=98.0\cos\theta; as θ→0∘\theta\to0^\circ, T→98.0 NT\to98.0\,\text{N}.
	T=98.0cos⁡θT=\dfrac{98.0}{\cos\theta}; as θ→0∘\theta\to0^\circ, T→98.0 NT\to98.0\,\text{N}.

Pause here and work out your answer before reading on.
Concept lens
In a symmetric support, horizontal components cancel and vertical components of the two equal tensions support the weight.
[image: A 10 kg mass is supported by two equal inclined tensions in a symmetric V.]Reasoning visual for T04-14Reasoning route
	The weight of the mass is mgmg.
W=mg=(10.0)(9.80)=98.0 NW=mg=(10.0)(9.80)=98.0\,\text{N}

	Each tension makes angle θ\theta with the vertical, so each upward vertical component is Tcos⁡θT\cos\theta.
Ty=Tcos⁡θT_y=T\cos\theta

	Horizontal components are equal and opposite by symmetry, so only vertical balance is needed.
∑Fy=0:2Tcos⁡θ−98.0=0\sum F_y=0:\quad 2T\cos\theta-98.0=0

	Rearrange the vertical equilibrium equation to isolate the tension in each symmetric rope.
T=98.02cos⁡θT=\frac{98.0}{2\cos\theta}

	As the V narrows, θ→0∘\theta\to0^\circ and cos⁡θ→1\cos\theta\to1.
T→98.02=49.0 NT\to\frac{98.0}{2}=49.0\,\text{N}


Reality check
When the two sides become vertical, they share the weight equally, so 49.0 N49.0\,\text{N} per side is the correct limiting value.
Final answer
T=98.02cos⁡θT=\dfrac{98.0}{2\cos\theta}, and as θ→0∘\theta\to0^\circ, T→49.0 NT\to49.0\,\text{N}.

Do
Identify whether the given angle is measured from the vertical or from the horizontal before choosing sine or cosine.

Don’t
Do not use sin⁡θ\sin\theta here; θ\theta is not measured from the horizontal.

Common wrong move
Thinking the tension diverges as the V narrows confuses this case with a nearly horizontal rope, where the angle from the vertical approaches 90∘90^\circ, not 0∘0^\circ.
Try a transfer
Rewrite the same formula if the angle α\alpha were instead measured from the horizontal.

T04-15 · Original practice · MAIN · Numerical
Question
A smooth straight wire is fixed in a vertical plane and makes 35.0∘35.0^\circ above the horizontal, rising to the right. A bead of mass 0.200 kg0.200\,\text{kg} can slide on the wire but is held at rest by a horizontal string pulling the bead to the right. The wire is smooth, so its reaction is perpendicular to the wire. Take g=9.80 m s−2g=9.80\,\text{m s}^{-2}. Find the tension in the horizontal string.
Pause here and work out your answer before reading on.
Concept lens
For a bead on a smooth wire, resolving forces along the wire eliminates the unknown normal reaction.
[image: A bead on a smooth inclined wire is kept from sliding down by a horizontal string.]Reasoning visual for T04-15Reasoning route
	Choose an axis along the wire, positive up the wire to the right.
s^:  35.0∘ above the horizontal\hat s:\;35.0^\circ\text{ above the horizontal}

	The horizontal string tension has an up-wire component Tcos⁡35∘T\cos35^\circ.
Ts=Tcos⁡35.0∘T_s=T\cos35.0^\circ

	The weight has a down-wire component mgsin⁡35∘mg\sin35^\circ. The normal reaction has no component along the wire.
Ws=−mgsin⁡35.0∘W_s=-mg\sin35.0^\circ

	Apply equilibrium along the wire.
Tcos⁡35.0∘−mgsin⁡35.0∘=0T\cos35.0^\circ-mg\sin35.0^\circ=0

	Use the component relation to compute the required horizontal tension from the known weight.
T=mgtan⁡35.0∘=(0.200)(9.80)(0.700)=1.37 NT=mg\tan35.0^\circ=(0.200)(9.80)(0.700)=1.37\,\text{N}


Reality check
The horizontal tension is T=mgtan⁡35.0∘<mgT=mg\tan35.0^\circ<mg because the angle is below 45∘45^\circ. It exceeds the downslope weight component mgsin⁡35.0∘=1.12 Nmg\sin35.0^\circ=1.12\,\text{N}, because only its along-wire component balances that weight component.
Final answer
T=1.37 NT=1.37\,\text{N}.

Do
Resolve along the wire to avoid solving for the normal reaction.

Don’t
Do not set the horizontal tension equal to mgsin⁡35∘mg\sin35^\circ; the horizontal force must also be projected along the wire.

Common wrong move
Using T=mgsin⁡35∘T=mg\sin35^\circ misses the factor cos⁡35∘\cos35^\circ from projecting the horizontal string tension onto the wire.
Try a transfer
If the string were instead parallel to the wire, what would the tension be?

T04-16 · Original practice · ADVANCED · Single correct
Question
A light knot is acted on by two support-cord tensions and one known oblique load. Cord PP pulls along a line at 30.0∘30.0^\circ counterclockwise from the +x+x-axis. Cord QQ pulls along a line at 120.0∘120.0^\circ counterclockwise from the +x+x-axis, so the two cord directions are perpendicular. A load of magnitude 80.0 N80.0\,\text{N} pulls the knot along 240.0∘240.0^\circ from the +x+x-axis. The knot is at rest. Find the tensions TPT_P and TQT_Q.
	TP=40.0 N,  TQ=69.3 NT_P=40.0\,\text{N},\;T_Q=69.3\,\text{N}
	TP=69.3 N,  TQ=40.0 NT_P=69.3\,\text{N},\;T_Q=40.0\,\text{N}
	TP=80.0 N,  TQ=0T_P=80.0\,\text{N},\;T_Q=0
	TP=56.6 N,  TQ=56.6 NT_P=56.6\,\text{N},\;T_Q=56.6\,\text{N}

Pause here and work out your answer before reading on.
Concept lens
When the unknown tensions act along perpendicular directions, rotating axes along those directions makes the equilibrium equations independent.
[image: A knot is balanced by two perpendicular support tensions against an oblique 80 N load.]Reasoning visual for T04-16Reasoning route
	Use axes along cords PP and QQ. Since these directions differ by 90∘90^\circ, they form perpendicular axes.
e^P:  30∘,e^Q:  120∘\hat e_P:\;30^\circ,\qquad \hat e_Q:\;120^\circ

	Find the load component along PP. The angle between the load direction 240∘240^\circ and PP is 210∘210^\circ.
LP=80.0cos⁡(240∘−30∘)=80.0cos⁡210∘=−69.3 NL_P=80.0\cos(240^\circ-30^\circ)=80.0\cos210^\circ=-69.3\,\text{N}

	Find the load component along QQ. The angle between the load direction and QQ is 120∘120^\circ.
LQ=80.0cos⁡(240∘−120∘)=80.0cos⁡120∘=−40.0 NL_Q=80.0\cos(240^\circ-120^\circ)=80.0\cos120^\circ=-40.0\,\text{N}

	Equilibrium along each rotated axis requires the corresponding tension to cancel the load component.
TP+LP=0,TQ+LQ=0T_P+L_P=0,\qquad T_Q+L_Q=0

	Therefore the tensions are positive and have the following magnitudes.
TP=69.3 N,TQ=40.0 NT_P=69.3\,\text{N},\qquad T_Q=40.0\,\text{N}


Reality check
The load points generally opposite the two support directions, so both tensions come out positive. The vector sum is zero in both perpendicular rotated components.
Final answer
TP=69.3 NT_P=69.3\,\text{N}, TQ=40.0 NT_Q=40.0\,\text{N}.

Do
Rotate axes along the perpendicular support cords to turn the problem into two one-dimensional balances.

Don’t
Do not assume equal tensions just because the support cords are perpendicular.

Common wrong move
Resolving the load into ordinary x,yx,y components and then directly calling them TP,TQT_P,T_Q is wrong because the cords are not along the x,yx,y axes.
Try a transfer
If the load direction were changed to 225∘225^\circ, would both support tensions still be unequal?

T04-17 · Original practice · MAIN · Numerical
Question
Three concurrent forces keep a particle at rest. Force F⃗1\vec F_1 has magnitude 10.0 N10.0\,\text{N}, force F⃗2\vec F_2 has magnitude 15.0 N15.0\,\text{N}, and the angle between F⃗1\vec F_1 and F⃗2\vec F_2 is θ\theta. A third force F⃗3\vec F_3 of magnitude 20.0 N20.0\,\text{N} exactly balances the resultant of F⃗1\vec F_1 and F⃗2\vec F_2. What is θ\theta?
Pause here and work out your answer before reading on.
Concept lens
For three concurrent forces in equilibrium, one force must be equal and opposite to the resultant of the other two.
[image: Two known forces form an angle such that their resultant is balanced by a 20 N third force.]Reasoning visual for T04-17Reasoning route
	Since F⃗3\vec F_3 balances the resultant of F⃗1\vec F_1 and F⃗2\vec F_2, that resultant must have magnitude 20.0 N20.0\,\text{N}.
∣F⃗1+F⃗2∣=20.0 N|\vec F_1+\vec F_2|=20.0\,\text{N}

	Use the law of cosines for the magnitude of the sum of two vectors with included angle θ\theta.
R2=F12+F22+2F1F2cos⁡θR^2=F_1^2+F_2^2+2F_1F_2\cos\theta

	Substitute the values.
20.02=10.02+15.02+2(10.0)(15.0)cos⁡θ20.0^2=10.0^2+15.0^2+2(10.0)(15.0)\cos\theta

	Solve for cos⁡θ\cos\theta.
400=100+225+300cos⁡θ  ⇒  cos⁡θ=75300=0.250400=100+225+300\cos\theta\;\Rightarrow\;\cos\theta=\frac{75}{300}=0.250

	Take the inverse cosine to find the angle between F⃗1\vec F_1 and F⃗2\vec F_2.
θ=cos⁡−1(0.250)=75.5∘\theta=\cos^{-1}(0.250)=75.5^\circ


Reality check
The angle is feasible because −1≤0.250≤1-1\le0.250\le1. Also, 20 N20\,\text{N} lies between ∣15−10∣=5 N|15-10|=5\,\text{N} and 15+10=25 N15+10=25\,\text{N}, so such an angle can exist.
Final answer
θ=75.5∘\theta=75.5^\circ approximately.

Do
Use the magnitude of the resultant of the first two forces, not the algebraic sum of magnitudes.

Don’t
Do not set 10+15=2010+15=20; vector directions matter.

Common wrong move
Using the triangle formula with a minus sign without checking which angle is included can give the supplement incorrectly.
Try a transfer
For the same 10 N10\,\text{N} and 15 N15\,\text{N} forces, what range of possible balancing-force magnitudes is allowed?

T04-18 · Original practice · MAIN · Single correct
Question
A 100 N100\,\text{N} load rests in a light sling. Two straight sling segments meet at the load. The left segment makes 30.0∘30.0^\circ with the vertical and pulls up-left with tension TLT_L; the right segment makes 60.0∘60.0^\circ with the vertical and pulls up-right with tension TRT_R. The load is at rest. Which side has the larger tension, and what are the tensions?
	Left side larger: TL=86.6 N,  TR=50.0 NT_L=86.6\,\text{N},\;T_R=50.0\,\text{N}.
	Right side larger: TL=50.0 N,  TR=86.6 NT_L=50.0\,\text{N},\;T_R=86.6\,\text{N}.
	Equal tensions: TL=TR=57.7 NT_L=T_R=57.7\,\text{N}.
	Left side larger: TL=100 N,  TR=0T_L=100\,\text{N},\;T_R=0.

Pause here and work out your answer before reading on.
Concept lens
With unequal side angles, horizontal balance fixes the ratio of tensions before vertical balance fixes their magnitudes.
[image: A 100 N load is held by a sling whose left and right sides make different angles with the vertical.]Reasoning visual for T04-18Reasoning route
	Resolve horizontal components. The left tension contributes leftward TLsin⁡30∘T_L\sin30^\circ, and the right tension contributes rightward TRsin⁡60∘T_R\sin60^\circ.
∑Fx=0:TRsin⁡60∘−TLsin⁡30∘=0\sum F_x=0:\quad T_R\sin60^\circ-T_L\sin30^\circ=0

	Find the ratio of tensions.
TL=sin⁡60∘sin⁡30∘TR=0.86600.500TR=1.732TRT_L=\frac{\sin60^\circ}{\sin30^\circ}T_R=\frac{0.8660}{0.500}T_R=1.732T_R

	Apply vertical equilibrium.
∑Fy=0:TLcos⁡30∘+TRcos⁡60∘=100\sum F_y=0:\quad T_L\cos30^\circ+T_R\cos60^\circ=100

	Substitute the ratio into the vertical equation.
(1.732TR)(0.8660)+TR(0.500)=100(1.732T_R)(0.8660)+T_R(0.500)=100

	Solve and then compute TLT_L.
2.000TR=100⇒TR=50.0 N,TL=86.6 N2.000T_R=100\Rightarrow T_R=50.0\,\text{N},\quad T_L=86.6\,\text{N}


Reality check
The more vertical left sling has the larger tension because it needs more magnitude to provide a horizontal component equal to the very slanted right side.
Final answer
Left side is more highly tensioned: TL=86.6 NT_L=86.6\,\text{N}, TR=50.0 NT_R=50.0\,\text{N}.

Do
Use horizontal equilibrium first to compare the two tensions.

Don’t
Do not assume the side with the larger angle from vertical automatically has the larger tension.

Common wrong move
Many choose the right side because it is more horizontal, but its larger horizontal component per unit tension means it can balance with a smaller tension.
Try a transfer
If both sides made 45∘45^\circ with the vertical, what would the two tensions be?

T04-19 · Original practice · ADVANCED · Numerical
Question
A small ring is attached to two ideal springs that pull on it at right angles. Spring A pulls with force 15.0 N15.0\,\text{N} along a direction 25.0∘25.0^\circ counterclockwise from the +x+x-axis. Spring B pulls with force 20.0 N20.0\,\text{N} along a direction 115.0∘115.0^\circ counterclockwise from the +x+x-axis. A third force must be applied to keep the ring at rest. Find the magnitude and direction of this third force, measured counterclockwise from +x+x.
Pause here and work out your answer before reading on.
Concept lens
The resultant of two perpendicular forces has magnitude given by Pythagoras, but its direction must be found from components before reversing it for equilibrium.
[image: Two perpendicular spring pulls on a ring require a third force opposite their resultant.]Reasoning visual for T04-19Reasoning route
	Write components of spring A.
F⃗A=15.0(cos⁡25∘i^+sin⁡25∘j^)=(13.59i^+6.34j^) N\vec F_A=15.0(\cos25^\circ\hat i+\sin25^\circ\hat j)=(13.59\hat i+6.34\hat j)\,\text{N}

	Write components of spring B.
F⃗B=20.0(cos⁡115∘i^+sin⁡115∘j^)=(−8.45i^+18.13j^) N\vec F_B=20.0(\cos115^\circ\hat i+\sin115^\circ\hat j)=(-8.45\hat i+18.13\hat j)\,\text{N}

	Add the two spring forces.
R⃗=F⃗A+F⃗B=(5.14i^+24.47j^) N\vec R=\vec F_A+\vec F_B=(5.14\hat i+24.47\hat j)\,\text{N}

	The third force must be the negative of this resultant.
F⃗3=−R⃗=(−5.14i^−24.47j^) N\vec F_3=-\vec R=(-5.14\hat i-24.47\hat j)\,\text{N}

	Compute magnitude and direction. The magnitude is also 152+202\sqrt{15^2+20^2} because the spring forces are perpendicular.
∣F⃗3∣=25.0 N,θ=180∘+tan⁡−1(24.475.14)=258.1∘|\vec F_3|=25.0\,\text{N},\quad \theta=180^\circ+\tan^{-1}\left(\frac{24.47}{5.14}\right)=258.1^\circ


Reality check
The third force points opposite the net pull of the two springs. Its magnitude 25 N25\,\text{N} matches the 1515-2020-2525 right-triangle result.
Final answer
Magnitude 25.0 N25.0\,\text{N}, direction 258.1∘258.1^\circ counterclockwise from +x+x.

Do
Find the resultant direction using components, then reverse it.

Don’t
Do not say the third force is simply at 25∘+180∘=205∘25^\circ+180^\circ=205^\circ; that would oppose only spring A, not the resultant.

Common wrong move
Using 25.0 N25.0\,\text{N} at 115∘115^\circ or 205∘205^\circ gets the magnitude right but the direction wrong.
Try a transfer
If both spring magnitudes were doubled, what would change about the third force magnitude and direction?

T04-20 · Original practice · ADVANCED · Single correct
Question
A crane hook is supported by two massless cables and carries a vertical load WW. The left cable pulls the hook up-left at 40.0∘40.0^\circ from the vertical and can safely carry at most 3.00 kN3.00\,\text{kN}. The right cable pulls the hook up-right at 30.0∘30.0^\circ from the vertical and can safely carry at most 2.50 kN2.50\,\text{kN}. The hook is at rest, and the load is applied vertically downward. What is the maximum safe load WW?
	2.50 kN2.50\,\text{kN}
	3.00 kN3.00\,\text{kN}
	3.65 kN3.65\,\text{kN}
	4.89 kN4.89\,\text{kN}

Pause here and work out your answer before reading on.
Concept lens
The maximum load is found by combining equilibrium with the individual cable tension limits; the cable that reaches its limit first controls the answer.
[image: A crane hook carries a downward load while two inclined cables with different safe tension limits support it.]Reasoning visual for T04-20Reasoning route
	Let the left and right cable tensions be TLT_L and TRT_R. Horizontal equilibrium gives a fixed ratio.
∑Fx=0:TRsin⁡30.0∘=TLsin⁡40.0∘\sum F_x=0:\quad T_R\sin30.0^\circ=T_L\sin40.0^\circ

	Express TRT_R in terms of TLT_L.
TR=TLsin⁡40.0∘sin⁡30.0∘=1.286TLT_R=T_L\frac{\sin40.0^\circ}{\sin30.0^\circ}=1.286T_L

	Apply the tension limits. Since TR≤2.50 kNT_R\le2.50\,\text{kN}, the left tension must satisfy 1.286TL≤2.501.286T_L\le2.50.
TL≤2.501.286=1.94 kNT_L\le\frac{2.50}{1.286}=1.94\,\text{kN}

	This is stricter than the left cable's own limit 3.00 kN3.00\,\text{kN}, so the right cable reaches its limit first.
TR=2.50 kN,TL=1.94 kNT_R=2.50\,\text{kN},\qquad T_L=1.94\,\text{kN}

	Use vertical equilibrium to find the maximum load.
Wmax=TLcos⁡40.0∘+TRcos⁡30.0∘=(1.94)(0.7660)+(2.50)(0.8660)=3.65 kNW_{\max}=T_L\cos40.0^\circ+T_R\cos30.0^\circ=(1.94)(0.7660)+(2.50)(0.8660)=3.65\,\text{kN}


Reality check
At this load the right cable is exactly at 2.50 kN2.50\,\text{kN}, while the left cable is only 1.94 kN<3.00 kN1.94\,\text{kN}<3.00\,\text{kN}. Both limits are respected.
Final answer
Wmax=3.65 kNW_{\max}=3.65\,\text{kN} approximately.

Do
Use horizontal equilibrium to determine which cable limit is reached first.

Don’t
Do not add the two cable limits directly; only vertical components support the load, and the tensions are linked by horizontal balance.

Common wrong move
Setting both cables simultaneously at their maximum values violates horizontal equilibrium because 3.00sin⁡40∘≠2.50sin⁡30∘3.00\sin40^\circ\neq2.50\sin30^\circ.
Try a transfer
How would the limiting cable change if the right cable angle from vertical were increased while its tension limit stayed 2.50 kN2.50\,\text{kN}?

ShunyaSaarthi · Physics XI · T04
Wave C · angle, sign and constraint traps
Try each question before reading its worked route. Solutions follow their questions in this offline edition.
T04-21 · Original practice · MAIN · Single correct
Question
A light knot supports a load of weight 120 N120\,\text{N} at rest. Two identical upper strings meet at the knot. The left string is stated to make 30.0∘30.0^\circ with the vertical. The right string is stated to make 60.0∘60.0^\circ above the horizontal. These descriptions refer to the same symmetric V-geometry, and both string tensions have the same magnitude TT. Take upward as +y+y. What is TT?
	60.0 N60.0\,\text{N}
	69.3 N69.3\,\text{N}
	120 N120\,\text{N}
	138.6 N138.6\,\text{N}

Pause here and work out your answer before reading on.
Concept lens
For a particle in equilibrium, the vector sum of all concurrent forces is zero. Here the horizontal components cancel by symmetry, and the vertical components must add to the load.
[image: Symmetric V-rope with a 120 N load at the knot; left angle marked from vertical and right angle marked from horizontal.]Reasoning visual for T04-21Reasoning route
	Recognize that 60.0∘60.0^\circ above the horizontal is the same as 30.0∘30.0^\circ from the vertical, so each tension has vertical component Tcos⁡30.0∘T\cos30.0^\circ.
60.0∘ from horizontal=30.0∘ from vertical60.0^\circ\text{ from horizontal}=30.0^\circ\text{ from vertical}

	Apply vertical force balance because the knot is at rest and the two horizontal components are equal and opposite.
2Tcos⁡30.0∘−120=02T\cos30.0^\circ-120=0

	Evaluate the tension using the vertical component, not the horizontal component.
T=1202cos⁡30.0∘=1202(0.8660)=69.3 NT=\frac{120}{2\cos30.0^\circ}=\frac{120}{2(0.8660)}=69.3\,\text{N}


Reality check
The answer is greater than 60 N60\,\text{N} because each string supplies only 0.866T0.866T vertically, but it is much less than 120 N120\,\text{N}, which is feasible for two supporting strings.
Final answer
T=69.3 NT=69.3\,\text{N}, option B.

Do
Convert every stated angle to a consistent reference direction before resolving components.

Don’t
Do not use Tsin⁡30∘T\sin30^\circ as the vertical component when the angle is given from the vertical.

Common wrong move
Using 2Tsin⁡30∘=1202T\sin30^\circ=120 gives T=120 NT=120\,\text{N}, which swaps sine and cosine.
Try a transfer
If the same V were instead 30∘30^\circ above the horizontal, what would replace cos⁡30∘\cos30^\circ in the vertical balance?

T04-22 · Original practice · MAIN · Numerical
Question
A light ring is held at rest below a horizontal ceiling by two upper massless cords. The left upper cord pulls the ring up-left at 30.0∘30.0^\circ from the vertical, and the right upper cord pulls the ring up-right at 60.0∘60.0^\circ from the vertical. A separate lower vertical rope is tied to the ring and supports a stationary 10.0 kg10.0\,\text{kg} mass, so the lower rope pulls the ring straight downward. Take g=9.80 m s−2g=9.80\,\text{m s}^{-2}. Find the tensions in the left and right upper cords.
Pause here and work out your answer before reading on.
Concept lens
The lower rope tension is the weight of the hanging mass, but the upper cord tensions are determined by two-component equilibrium of the ring.
[image: Ring acted on by two oblique upward cord tensions and one vertical downward 98 N lower-rope tension.]Reasoning visual for T04-22Reasoning route
	The lower vertical rope supports the mass at rest, so it pulls downward on the ring with magnitude mgmg.
Tlower=mg=(10.0)(9.80)=98.0 NT_{\text{lower}}=mg=(10.0)(9.80)=98.0\,\text{N}

	Resolve the two upper tensions into horizontal components and set their sum to zero.
TRsin⁡60.0∘−TLsin⁡30.0∘=0⇒TL=sin⁡60∘sin⁡30∘TR=1.732TRT_R\sin60.0^\circ-T_L\sin30.0^\circ=0\quad\Rightarrow\quad T_L=\frac{\sin60^\circ}{\sin30^\circ}T_R=1.732T_R

	Resolve the upper tensions vertically and balance the downward lower-rope force.
TLcos⁡30.0∘+TRcos⁡60.0∘=98.0T_L\cos30.0^\circ+T_R\cos60.0^\circ=98.0

	Insert the horizontal-balance relation into the vertical equation to determine both upper tensions.
(1.732TR)(0.8660)+(0.5000)TR=98.0⇒2.000TR=98.0⇒TR=49.0 N(1.732T_R)(0.8660)+(0.5000)T_R=98.0\Rightarrow 2.000T_R=98.0\Rightarrow T_R=49.0\,\text{N}

	Use the ratio from horizontal balance to get the left-cord tension.
TL=1.732(49.0)=84.9 NT_L=1.732(49.0)=84.9\,\text{N}


Reality check
Both upper tensions are not equal to the lower-rope tension 98.0 N98.0\,\text{N}; their vector sum, not either one alone, balances the lower pull.
Final answer
Left upper cord: 84.9 N84.9\,\text{N}; right upper cord: 49.0 N49.0\,\text{N}.

Do
Treat the lower rope as one external force on the ring and the two upper cords as two separate unknown forces.

Don’t
Do not assume the upper-cord tension equals the lower-rope tension unless a single ideal rope segment actually connects them in the same straight line.

Common wrong move
Setting both upper tensions to 98 N98\,\text{N} ignores the different cord directions and fails horizontal equilibrium.
Try a transfer
How would the left/right tension ratio change if both upper cords made the same angle with the vertical?

T04-23 · Original practice · MAIN · Single correct
Question
Two known concurrent forces act on a small bead at rest along with a third balancing force. Force F⃗1\vec F_1 has magnitude 30.0 N30.0\,\text{N}. Force F⃗2\vec F_2 has magnitude 50.0 N50.0\,\text{N}. A sketch marks an exterior angle of 110.0∘110.0^\circ outside the sector between the two force arrows; therefore the actual included angle between F⃗1\vec F_1 and F⃗2\vec F_2, tail to tail, is 70.0∘70.0^\circ. What is the magnitude of the third force required for equilibrium?
	35.9 N35.9\,\text{N}
	58.3 N58.3\,\text{N}
	66.5 N66.5\,\text{N}
	77.1 N77.1\,\text{N}

Pause here and work out your answer before reading on.
Concept lens
The third equilibrating force has the same magnitude as the resultant of the first two forces and the opposite direction.
[image: Two concurrent force arrows with an outside angle of 110 degrees and an inside included angle of 70 degrees.]Reasoning visual for T04-23Reasoning route
	Use the actual included angle between the two force vectors, not the exterior angle marked outside the force sector.
θ=180.0∘−110.0∘=70.0∘\theta=180.0^\circ-110.0^\circ=70.0^\circ

	Find the magnitude of the resultant of F⃗1\vec F_1 and F⃗2\vec F_2 using the cosine rule for two vectors drawn tail to tail.
R=F12+F22+2F1F2cos⁡θR=\sqrt{F_1^2+F_2^2+2F_1F_2\cos\theta}

	Insert the given magnitudes and the included angle.
R=30.02+50.02+2(30.0)(50.0)cos⁡70.0∘=66.5 NR=\sqrt{30.0^2+50.0^2+2(30.0)(50.0)\cos70.0^\circ}=66.5\,\text{N}

	For equilibrium, the third force must be equal and opposite to this resultant, so its magnitude is RR.
F3=R=66.5 NF_3=R=66.5\,\text{N}


Reality check
Since the included angle is acute, the resultant should be larger than 50 N50\,\text{N} and smaller than 80 N80\,\text{N}; 66.5 N66.5\,\text{N} passes this check.
Final answer
66.5 N66.5\,\text{N}, option C.

Do
Identify whether the stated angle is the actual angle between the force arrows or its supplement.

Don’t
Do not put the exterior 110∘110^\circ directly into the cosine-rule expression for the resultant here.

Common wrong move
Using cos⁡110∘\cos110^\circ gives a much smaller resultant, corresponding to a different physical geometry.
Try a transfer
If the exterior angle were 140∘140^\circ, what included angle would appear in the resultant formula?

T04-24 · Original practice · MAIN · Single correct
Question
A small ring can slide on a smooth horizontal rod. A massless string from the ring to a peg on the left would, if taut, pull the ring only to the left. An external horizontal force of 4.00 N4.00\,\text{N} also pulls the ring to the left. The ring is observed at rest because it is touching a fixed smooth stop on its left; the stop can push the ring only to the right. Which statement is necessarily correct about the string tension and the stop reaction?
	The string tension is +4.00 N+4.00\,\text{N} to the left, and the stop force is zero.
	The string tension is −4.00 N-4.00\,\text{N}, meaning the string pushes the ring to the right.
	The string may be slack or taut. Its tension cannot be fixed from the given data; the stop reaction is 4.00 N+T4.00\,\text{N}+T to the right, where T≥0T\ge 0.
	The smooth rod supplies a horizontal friction force of 4.00 N4.00\,\text{N} to the right.

Pause here and work out your answer before reading on.
Concept lens
A string can pull but cannot push. With a separate unilateral stop reaction, horizontal equilibrium determines only the sum of the leftward applied force and any string tension; tautness is not specified.
[image: A ring is pressed against a left stop while a 4 newton external force and a possible string tension pull left; the rightward stop reaction balances their sum.]Reasoning visual for T04-24Reasoning route
	Choose rightward as positive. The left string can contribute a nonnegative leftward tension T, while the stop can push the ring right with reaction N.
T≥0,Nstop≥0T\ge 0,\qquad N_{\text{stop}}\ge 0

	Include both the possible string force and the stop force in the ring equilibrium equation.
∑Fx=Nstop−T−4.00 N=0\sum F_x=N_{\text{stop}}-T-4.00\,\text{N}=0

	Equilibrium fixes the stop reaction in terms of T but gives no information about whether the string is geometrically slack or taut.
Nstop=4.00 N+T,T≥0N_{\text{stop}}=4.00\,\text{N}+T,\qquad T\ge 0

	Both a slack string with T=0 and a taut string with T>0 are compatible with the stated contact; the smooth rod supplies no horizontal friction.
T=0⇒Nstop=4.00 N;T>0⇒Nstop>4.00 NT=0\Rightarrow N_{\text{stop}}=4.00\,\text{N};\quad T>0\Rightarrow N_{\text{stop}}>4.00\,\text{N}


Reality check
For every allowed nonnegative T, the rightward stop reaction 4.00 N + T balances the two leftward forces. T=0 is possible but is not forced by the stem.
Final answer
Option C: the tension is undetermined; Nstop=4.00 N+TN_{\text{stop}}=4.00\,\text{N}+T with T≥0T\ge 0.

Do
Include every actual contact force before solving equilibrium; use string geometry or slackness information to determine T.

Don’t
Do not infer that a string is slack merely because a separate stop can balance the applied force.

Common wrong move
Setting the stop reaction to zero leads to an unphysical negative tension, but this only shows that the stop must act; it does not show that the string is slack.
Try a transfer
If the stop reaction is measured as 7.00 N, what is the string tension?

T04-25 · Original practice · MAIN · Single correct
Question
A small ring of negligible size is pressed against a smooth vertical wall on its left. The wall can exert only a horizontal normal force on the ring. The ring is at rest under three forces: its weight 40.0 N40.0\,\text{N} downward, a string tension TT directed up-left at 30.0∘30.0^\circ above the horizontal, and the wall's normal reaction NN directed horizontally to the right. Find TT and NN.
	T=80.0 N,  N=69.3 NT=80.0\,\text{N},\;N=69.3\,\text{N}, with no vertical wall force
	T=46.2 N,  N=40.0 NT=46.2\,\text{N},\;N=40.0\,\text{N}, with no vertical wall force
	T=80.0 N,  N=0T=80.0\,\text{N},\;N=0, and the wall supplies 69.3 N69.3\,\text{N} upward friction
	T=69.3 N,  N=80.0 NT=69.3\,\text{N},\;N=80.0\,\text{N}, with no vertical wall force

Pause here and work out your answer before reading on.
Concept lens
For a smooth wall, the contact force is normal to the wall only; it has no tangential vertical component.
[image: A ring against a smooth wall has a rightward normal, a down weight, and an up-left string tension.]Reasoning visual for T04-25Reasoning route
	Use the vertical balance to determine the string tension, because the smooth wall cannot help support the weight vertically.
Tsin⁡30.0∘−40.0=0T\sin30.0^\circ-40.0=0

	Compute the tension from its upward component.
T=40.0sin⁡30.0∘=40.00.500=80.0 NT=\frac{40.0}{\sin30.0^\circ}=\frac{40.0}{0.500}=80.0\,\text{N}

	Use horizontal balance to find the wall normal, which balances the leftward component of the string tension.
N−Tcos⁡30.0∘=0N-T\cos30.0^\circ=0

	Evaluate the normal reaction.
N=(80.0)(0.8660)=69.3 NN=(80.0)(0.8660)=69.3\,\text{N}


Reality check
The normal reaction is positive, so contact with the left wall is feasible. There is no vertical wall force because the wall is smooth.
Final answer
T=80.0 NT=80.0\,\text{N}, N=69.3 NN=69.3\,\text{N}; option A.

Do
Draw the wall reaction perpendicular to the smooth wall.

Don’t
Do not add an upward friction force unless the surface is explicitly rough.

Common wrong move
Letting the wall provide a vertical component hides the fact that only the string's vertical component can balance the weight.
Try a transfer
If the wall were rough, what additional unknown force direction could appear in the free-body diagram?

T04-26 · Original practice · ADVANCED · Short reasoning
Question
A 100 N100\,\text{N} load is supported at rest by two identical massless ropes arranged symmetrically. Each rope makes an angle α\alpha above the horizontal, not from the vertical. Explain what happens to the required tension in each rope as α→0+\alpha\to0^+, and compute the tension when α=5.00∘\alpha=5.00^\circ.
Pause here and work out your answer before reading on.
Concept lens
When the supporting ropes become nearly horizontal, their vertical components become very small, so a very large tension is required to balance a fixed weight.
[image: Two shallow symmetric ropes support a 100 N load; each rope is only alpha above horizontal.]Reasoning visual for T04-26Reasoning route
	By symmetry, the horizontal components of the two rope tensions cancel.
Tcos⁡α left and Tcos⁡α right cancelT\cos\alpha\text{ left and }T\cos\alpha\text{ right cancel}

	Only the vertical components support the load, so the equilibrium condition uses Tsin⁡αT\sin\alpha.
2Tsin⁡α=1002T\sin\alpha=100

	Solve the formula for the rope tension.
T=1002sin⁡αT=\frac{100}{2\sin\alpha}

	At α=5.00∘\alpha=5.00^\circ, the small sine value makes the tension large.
T=1002sin⁡5.00∘=1002(0.08716)=5.74×102 NT=\frac{100}{2\sin5.00^\circ}=\frac{100}{2(0.08716)}=5.74\times10^2\,\text{N}

	As the ropes approach horizontal, sin⁡α→0+\sin\alpha\to0^+, so the ideal tension grows without bound.
lim⁡α→0+1002sin⁡α=∞\lim_{\alpha\to0^+}\frac{100}{2\sin\alpha}=\infty


Reality check
At 5∘5^\circ, each rope tension is much larger than the load, which is expected because each rope contributes only about 8.7%8.7\% of its tension vertically.
Final answer
T=574 NT=574\,\text{N} at 5.00∘5.00^\circ; in the ideal model T→∞T\to\infty as the ropes become horizontal.

Do
Use the vertical component Tsin⁡αT\sin\alpha because α\alpha is measured above the horizontal.

Don’t
Do not conclude that horizontal ropes can support a load with finite tension in the ideal static model.

Common wrong move
Using 2Tcos⁡α=1002T\cos\alpha=100 would predict about 50 N50\,\text{N}, which is the result for ropes nearly vertical, not nearly horizontal.
Try a transfer
Compare this with the formula when each rope makes angle θ\theta from the vertical: what happens as θ→90∘\theta\to90^\circ?

T04-27 · Original practice · MAIN · Single correct
Question
A light knot is pulled downward by a fixed force of 70.0 N70.0\,\text{N}. Two identical upper strings are available, each already limited to a tension of exactly 30.0 N30.0\,\text{N}. Their directions may be adjusted symmetrically or unsymmetrically above the knot, but no other force acts. Can the two upper tensions keep the knot in equilibrium?
	Yes; choose the two strings horizontal so their tensions add to 60.0 N60.0\,\text{N}.
	Yes; choose the angle between the strings so that 2(30.0)cos⁡θ=70.02(30.0)\cos\theta=70.0.
	Yes; any third force less than 90.0 N90.0\,\text{N} can be balanced by two 30.0 N30.0\,\text{N} forces.
	No; the largest possible upward resultant of the two 30.0 N30.0\,\text{N} tensions is only 60.0 N60.0\,\text{N}.

Pause here and work out your answer before reading on.
Concept lens
Before resolving angles, check vector-triangle feasibility: the resultant of two forces of magnitudes 30 N30\,\text{N} and 30 N30\,\text{N} cannot exceed 60 N60\,\text{N}.
[image: Two upper string tensions of 30 N each try to balance a 70 N downward pull at a knot.]Reasoning visual for T04-27Reasoning route
	The downward force can be balanced only if the resultant of the two upper tensions has magnitude 70.0 N70.0\,\text{N} upward.
∣T⃗1+T⃗2∣=70.0 N|\vec T_1+\vec T_2|=70.0\,\text{N}

	For two vectors each of magnitude 30.0 N30.0\,\text{N}, the largest possible resultant occurs when they are parallel and upward.
Rmax=30.0+30.0=60.0 NR_{\max}=30.0+30.0=60.0\,\text{N}

	Since the needed resultant is larger than this maximum, no arrangement of the two strings can provide equilibrium.
70.0 N>60.0 N⇒not feasible70.0\,\text{N}>60.0\,\text{N}\quad\Rightarrow\quad\text{not feasible}


Reality check
Tilting either string away from vertical would reduce its upward component, so the impossibility conclusion is robust.
Final answer
No equilibrium is possible; option D.

Do
Check the possible range of the resultant before trying to solve for an angle.

Don’t
Do not solve a trigonometric equation without first checking whether its required value is physically possible.

Common wrong move
Writing 2Tcos⁡θ=702T\cos\theta=70 gives cos⁡θ=70/60>1\cos\theta=70/60>1, which signals impossibility rather than a real angle.
Try a transfer
What minimum tension in each of two identical vertical strings would be needed to support a 70 N70\,\text{N} downward force?

T04-28 · Original practice · MAIN · Single correct
Question
Consider two independent equilibrium checks for a particle. Case I: all forces are collinear along the xx-axis: +12.0 N+12.0\,\text{N}, −5.0 N-5.0\,\text{N}, and an unknown force FF along the same line. Case II: the forces are 12.0 N12.0\,\text{N} along +x+x, 5.0 N5.0\,\text{N} at 60.0∘60.0^\circ above +x+x, and one unknown balancing force whose direction is not known in advance. In which case is a single signed scalar equation along one line sufficient by itself?
	Case I only
	Case II only
	Both Case I and Case II
	Neither case

Pause here and work out your answer before reading on.
Concept lens
Scalar signs fully represent vector addition only when all relevant forces are collinear. Non-collinear forces require component equations or vector construction.
[image: Case I has three forces on one line, while Case II has a tilted force requiring two-dimensional components.]Reasoning visual for T04-28Reasoning route
	In Case I, every force lies on the same line, so a signed one-dimensional sum contains all vector information.
12.0−5.0+F=0⇒F=−7.0 N12.0-5.0+F=0\Rightarrow F=-7.0\,\text{N}

	The negative sign in Case I simply means the unknown force points along −x-x, still on the same known line.
F=7.0 N toward −xF=7.0\,\text{N}\text{ toward }-x

	In Case II, one known force has both xx and yy components, so one scalar equation along xx would ignore the required vertical balance.
5.0sin⁡60.0∘≠05.0\sin60.0^\circ\ne0

	Therefore Case II needs two component equations or an equivalent vector resultant method.
∑Fx=0,∑Fy=0\sum F_x=0,\qquad \sum F_y=0


Reality check
The distinction is not about the number of forces but about whether their directions share one straight line.
Final answer
Case I only; option A.

Do
Use signed scalars only after verifying that all forces are collinear.

Don’t
Do not collapse a two-dimensional force balance into one equation just because there is only one unknown force vector.

Common wrong move
Adding magnitudes with plus/minus signs in Case II loses the upward component of the 5.0 N5.0\,\text{N} force.
Try a transfer
If the 5.0 N5.0\,\text{N} force in Case II were changed to point along −x-x, would scalar signs become sufficient?

T04-29 · Original practice · MAIN · Numerical
Question
A load of fixed weight WW hangs at rest from a knot supported by two upper strings. The left string always makes 25.0∘25.0^\circ with the vertical. In configuration A, the right string makes 35.0∘35.0^\circ with the vertical. In configuration B, only the right string is moved so that it makes 55.0∘55.0^\circ with the vertical. Without computing either absolute tension, find the factor by which the ratio TL/TRT_L/T_R changes from A to B.
Pause here and work out your answer before reading on.
Concept lens
For a two-string knot with a vertical load, horizontal equilibrium fixes the ratio of tensions independently of the load magnitude.
[image: A two-string knot supports the same load while the right string angle changes from 35 degrees to 55 degrees from vertical.]Reasoning visual for T04-29Reasoning route
	Write horizontal balance for a left string at angle α\alpha from vertical and right string at angle β\beta from vertical.
TLsin⁡α=TRsin⁡βT_L\sin\alpha=T_R\sin\beta

	Rearrange to express the tension ratio using only the two angles.
TLTR=sin⁡βsin⁡α\frac{T_L}{T_R}=\frac{\sin\beta}{\sin\alpha}

	Since the left angle α=25.0∘\alpha=25.0^\circ is unchanged, the change factor depends only on the sine of the right angle.
(TL/TR)B(TL/TR)A=sin⁡55.0∘sin⁡35.0∘\frac{(T_L/T_R)_B}{(T_L/T_R)_A}=\frac{\sin55.0^\circ}{\sin35.0^\circ}

	Evaluate the ratio of sines numerically.
sin⁡55.0∘sin⁡35.0∘=0.81920.5736=1.43\frac{\sin55.0^\circ}{\sin35.0^\circ}=\frac{0.8192}{0.5736}=1.43


Reality check
Moving the right string farther from vertical increases its horizontal component per unit tension, so the left-to-right tension ratio should increase; a factor greater than 1 is reasonable.
Final answer
(TL/TR)B(T_L/T_R)_B is 1.431.43 times (TL/TR)A(T_L/T_R)_A.

Do
Use horizontal balance to compare tension ratios directly.

Don’t
Do not solve for TLT_L and TRT_R separately when the question asks only for the ratio change.

Common wrong move
Using cosine in the horizontal balance for angles measured from the vertical reverses the component choice.
Try a transfer
If instead the right angle stayed fixed and the left angle increased, how would the ratio TL/TRT_L/T_R change?

T04-30 · Original practice · ADVANCED · Numerical
Question
A light frictionless pulley is suspended from a ceiling by a short support. A single massless rope passes over the pulley. One rope segment goes vertically downward to a stationary load of weight 100 N100\,\text{N}. The other rope segment leaves the pulley downward and to the right, making a 45.0∘45.0^\circ deviation from the vertical segment. The pulley is at rest. Find the magnitude of the force that the ceiling support must exert on the pulley, and state its direction relative to the upward vertical.
Pause here and work out your answer before reading on.
Concept lens
The support must balance the vector sum of the two equal rope tensions acting on the pulley. The stated 45∘45^\circ is the angle between the two rope segments, not an angle made by the support.
[image: Light pulley with two rope tensions of 100 N: one vertical down and one down-right at 45 degrees from it; support pulls up-left.]Reasoning visual for T04-30Reasoning route
	The load is stationary, so the rope tension in both segments equals the load weight.
T=100 NT=100\,\text{N}

	List the two forces exerted by the rope on the pulley: one is vertical downward and the other is 45.0∘45.0^\circ from vertical downward to the right.
F⃗rope=(Tsin⁡45∘)i^+[−T−Tcos⁡45∘]j^\vec F_{\text{rope}}=(T\sin45^\circ)\hat i+[-T-T\cos45^\circ]\hat j

	Compute the components of the total rope force on the pulley.
Fx=100(0.7071)=70.7 N,Fy=−100−100(0.7071)=−170.7 NF_x=100(0.7071)=70.7\,\text{N},\quad F_y=-100-100(0.7071)=-170.7\,\text{N}

	The ceiling support force is equal and opposite to this resultant.
R⃗=(−70.7i^+170.7j^) N\vec R=(-70.7\hat i+170.7\hat j)\,\text{N}

	Find its magnitude and its tilt from the upward vertical.
R=70.72+170.72=184.8 N,ϕ=tan⁡−1 ⁣(70.7170.7)=22.5∘R=\sqrt{70.7^2+170.7^2}=184.8\,\text{N},\quad \phi=\tan^{-1}\!\left(\frac{70.7}{170.7}\right)=22.5^\circ


Reality check
The magnitude is less than 200 N200\,\text{N} because the two 100 N tensions are separated by 45∘45^\circ, and greater than 100 N100\,\text{N}, which is physically sensible.
Final answer
The support force is 185 N185\,\text{N}, directed 22.5∘22.5^\circ to the left of the upward vertical.

Do
First identify which rope segment is deviated by 45∘45^\circ, then add the two rope forces on the pulley vectorially.

Don’t
Do not assume the support itself is at 45∘45^\circ or that its force is simply 2T2T vertically upward.

Common wrong move
Adding 100+100=200 N100+100=200\,\text{N} vertically ignores the sideways component of the slanted rope segment.
Try a transfer
If the deviation angle between the two rope segments were 0∘0^\circ, what support force would you expect?

ShunyaSaarthi · Physics XI · T04
Wave D · constrained multi-point systems
Try each question before reading its worked route. Solutions follow their questions in this offline edition.
T04-31 · Original practice · MAIN · Single correct
Question
Two light knots A and B are connected by a taut horizontal massless rope. Knot A also has a ceiling cord pulling up-left at 45.0∘45.0^\circ above the horizontal and a vertical string supporting a stationary 3.00 kg3.00\,\text{kg} mass. Knot B has a ceiling cord pulling up-right at 45.0∘45.0^\circ above the horizontal and two separate vertical strings supporting stationary masses 2.00 kg2.00\,\text{kg} and 1.00 kg1.00\,\text{kg}. All knots and strings are light, all masses are at rest in the laboratory frame, and g=9.80 m s−2g=9.80\,\text{m s}^{-2}. Let HH be the tension in the horizontal rope from A to B, TAT_A the left ceiling-cord tension, and TBT_B the right ceiling-cord tension. Which set of values is correct?
	H=20.8 N,  TA=29.4 N,  TB=41.6 NH=20.8\,\text{N},\; T_A=29.4\,\text{N},\; T_B=41.6\,\text{N}
	H=29.4 N,  TA=29.4 N,  TB=29.4 NH=29.4\,\text{N},\; T_A=29.4\,\text{N},\; T_B=29.4\,\text{N}
	H=29.4 N,  TA=41.6 N,  TB=41.6 NH=29.4\,\text{N},\; T_A=41.6\,\text{N},\; T_B=41.6\,\text{N}
	H=58.8 N,  TA=83.2 N,  TB=41.6 NH=58.8\,\text{N},\; T_A=83.2\,\text{N},\; T_B=41.6\,\text{N}

Pause here and work out your answer before reading on.
Concept lens
Each light knot is a separate particle in equilibrium, so ∑Fx=0\sum F_x=0 and ∑Fy=0\sum F_y=0 must be written for A and B separately.
[image: Two connected equilibrium knots, each with its own angled ceiling support and downward weights.]Reasoning visual for T04-31Reasoning route
	For knot A, the vertical downward force is the weight of the 3.00 kg3.00\,\text{kg} mass, so the up-component of the left ceiling tension must equal it.
TAsin⁡45∘=(3.00)(9.80)=29.4 NT_A\sin45^\circ=(3.00)(9.80)=29.4\,\text{N}

	The horizontal component of the same tension balances the horizontal rope tension at knot A.
H=TAcos⁡45∘=29.4sin⁡45∘cos⁡45∘=29.4 NH=T_A\cos45^\circ=\frac{29.4}{\sin45^\circ}\cos45^\circ=29.4\,\text{N}

	For knot B, the two vertical hanging strings together pull downward with the total weight of 3.00 kg3.00\,\text{kg}.
WB=(2.00+1.00)(9.80)=29.4 NW_B=(2.00+1.00)(9.80)=29.4\,\text{N}

	The right ceiling cord must supply both a rightward component equal to HH and an upward component equal to WBW_B, which are equal here because its angle is 45∘45^\circ.
TBcos⁡45∘=29.4,TBsin⁡45∘=29.4⇒TB=29.40.7071=41.6 NT_B\cos45^\circ=29.4,\quad T_B\sin45^\circ=29.4\Rightarrow T_B=\frac{29.4}{0.7071}=41.6\,\text{N}

	The left ceiling-cord tension has the same magnitude by the same component relation at knot A.
TA=29.40.7071=41.6 NT_A=\frac{29.4}{0.7071}=41.6\,\text{N}


Reality check
Both knots have zero net horizontal and vertical force. The horizontal rope tension is not the sum of all hanging weights; it is fixed by the component balance at each knot.
Final answer
Option C: H=29.4 NH=29.4\,\text{N}, TA=41.6 NT_A=41.6\,\text{N}, TB=41.6 NT_B=41.6\,\text{N}.

Do
Draw one free-body diagram for knot A and a separate one for knot B before writing equations.

Don’t
Do not combine the two knots into one particle unless you are only finding external forces on the combined system.

Common wrong move
A tempting error is to put the total 6.00 kg6.00\,\text{kg} weight into one knot equation; that erases the internal horizontal-rope tension and gives a wrong local balance.
Try a transfer
If the two masses at knot B were changed while the mass at A stayed fixed, which knot equation would first fail for the given 45∘45^\circ ceiling geometry?

T04-32 · Original practice · MAIN · Numerical
Question
A small light frictionless pulley is held at rest by two ceiling cords. Cord L pulls the pulley up-left at 60.0∘60.0^\circ from the vertical, and cord R pulls it up-right at 30.0∘30.0^\circ from the vertical. A single massless rope passes over the pulley. One rope segment leaves vertically downward to a stationary load; the other leaves downward-right at 60.0∘60.0^\circ from the vertical. The rope tension is 100 N100\,\text{N} in both segments. Taking +x+x to the right and +y+y upward, find the tensions in cords L and R.
Pause here and work out your answer before reading on.
Concept lens
A light pulley in equilibrium is acted on by both rope-segment tensions, not by a single downward force unless the two segments are vertical and parallel.
[image: Pulley equilibrium with one vertical rope force, one slanted rope force, and two angled ceiling support tensions.]Reasoning visual for T04-32Reasoning route
	The two rope segments pull the pulley along their own directions: one is vertical downward and the other is downward-right at 60.0∘60.0^\circ from the vertical.
F⃗rope=(100sin⁡60∘)i^−(100+100cos⁡60∘)j^=(86.6i^−150j^) N\vec F_{\text{rope}}=(100\sin60^\circ)\hat i-\left(100+100\cos60^\circ\right)\hat j=(86.6\hat i-150\hat j)\,\text{N}

	Therefore the two ceiling cords together must provide the opposite resultant for equilibrium of the light pulley.
T⃗L+T⃗R=(−86.6i^+150j^) N\vec T_L+\vec T_R=(-86.6\hat i+150\hat j)\,\text{N}

	Resolve the left and right ceiling-cord tensions according to their angles from the vertical.
T⃗L=(−TLsin⁡60∘)i^+(TLcos⁡60∘)j^,T⃗R=(TRsin⁡30∘)i^+(TRcos⁡30∘)j^\vec T_L=(-T_L\sin60^\circ)\hat i+(T_L\cos60^\circ)\hat j,\quad \vec T_R=(T_R\sin30^\circ)\hat i+(T_R\cos30^\circ)\hat j

	Writing xx- and yy-component balance gives two simultaneous linear equations.
−0.866TL+0.500TR=−86.6,0.500TL+0.866TR=150-0.866T_L+0.500T_R=-86.6,\quad 0.500T_L+0.866T_R=150

	Solving the pair gives positive tensions in both support cords.
TL=150 N,TR=86.6 NT_L=150\,\text{N},\qquad T_R=86.6\,\text{N}


Reality check
The upward components are 75.0+75.0=150 N75.0+75.0=150\,\text{N}, and the horizontal components are −129.9+43.3=−86.6 N-129.9+43.3=-86.6\,\text{N}, exactly opposing the rope resultant.
Final answer
TL=150 NT_L=150\,\text{N}, TR=86.6 NT_R=86.6\,\text{N}.

Do
Add the two rope forces on the pulley as vectors before balancing them with the support-cord forces.

Don’t
Do not replace the two rope segments by 2T2T vertically downward when one segment is oblique.

Common wrong move
Many learners use 200 N200\,\text{N} downward for the rope force. That would be true only if both rope segments pulled vertically downward.
Try a transfer
If the oblique rope segment became vertical too, what would happen to the required horizontal components of the two ceiling cords?

T04-33 · Original practice · ADVANCED · Numerical
Question
A bead of mass 0.300 kg0.300\,\text{kg} can slide without friction on a fixed vertical wire x=0x=0. The bead is attached to an elastic string whose other end is fixed at point P=(0.300 m,0.800 m)P=(0.300\,\text{m},0.800\,\text{m}). The elastic string has stiffness k=25.0 N m−1k=25.0\,\text{N m}^{-1} and natural length 0.350 m0.350\,\text{m}. The bead is observed at rest below PP, at point (0,y)(0,y) with 0<y<0.800 m0<y<0.800\,\text{m}. Take g=10.0 m s−2g=10.0\,\text{m s}^{-2}. Find yy. The wire is smooth, so its reaction is horizontal only.
Pause here and work out your answer before reading on.
Concept lens
The smooth wire supplies no vertical force, so the vertical component of the elastic tension must balance the bead's weight; the tension itself depends on the stretched length.
[image: A bead on a vertical wire below an elastic string anchor, with tension up-right and weight down.]Reasoning visual for T04-33Reasoning route
	For a bead at (0,y)(0,y), the elastic string length is the distance from (0,y)(0,y) to P=(0.300,0.800)P=(0.300,0.800).
L=(0.300)2+(0.800−y)2L=\sqrt{(0.300)^2+(0.800-y)^2}

	The string pulls from the bead toward the higher anchor, so its tension has an upward vertical component T(0.800−y)/LT(0.800-y)/L.
T=25.0(L−0.350),Ty=T0.800−yLT=25.0(L-0.350),\qquad T_y=T\frac{0.800-y}{L}

	Vertical equilibrium requires the vertical component of tension to equal the bead's weight (0.300)(10.0)=3.00 N(0.300)(10.0)=3.00\,\text{N}.
25.0(L−0.350)0.800−yL=3.0025.0\left(L-0.350\right)\frac{0.800-y}{L}=3.00

	Testing y=0.400 my=0.400\,\text{m} gives a 3 ⁣: ⁣4 ⁣: ⁣53\!:\!4\!:\!5 triangle with vertical separation 0.800−y=0.400 m0.800-y=0.400\,\text{m}, so L=0.500 mL=0.500\,\text{m}.
25.0(0.500−0.350)0.4000.500=25.0(0.150)(0.800)=3.00 N25.0(0.500-0.350)\frac{0.400}{0.500}=25.0(0.150)(0.800)=3.00\,\text{N}

	This satisfies equilibrium with the bead below the anchor; the upward tension component balances its weight.
y=0.400 my=0.400\,\text{m}


Reality check
At y=0.400 my=0.400\,\text{m}, the string tension is 3.75 N3.75\,\text{N}, and its vertical component is 3.75×0.800=3.00 N3.75\times0.800=3.00\,\text{N}, matching the weight.
Final answer
y=0.400 my=0.400\,\text{m}.

Do
Use the actual stretched length in Hooke's law before resolving the tension into components.

Don’t
Do not set ky=mgk y=mg; the extension is L−L0L-L_0, not the vertical height yy.

Common wrong move
A tempting shortcut is to treat the elastic string as vertical. It is not vertical; its horizontal separation from the bead is 0.300 m0.300\,\text{m}.
Try a transfer
How would the answer change qualitatively if the fixed point PP were moved farther right while all spring data stayed the same?

T04-34 · Original practice · MAIN · Numerical
Question
A 12.0 kg12.0\,\text{kg} load is at rest while suspended by a single light cable from a fixed ceiling anchor. A horizontal force of 50.0 N50.0\,\text{N} acts on the load to the right, shifting the load sideways so that the cable is inclined up-left from the load. Take g=9.80 m s−2g=9.80\,\text{m s}^{-2}. Find the cable tension and the force exerted by the cable on the ceiling anchor, giving components in the lab frame.
Pause here and work out your answer before reading on.
Concept lens
For a suspended particle in equilibrium under weight, a horizontal force, and cable tension, the cable tension must be the vector opposite to the sum of the applied horizontal force and weight.
[image: A horizontally displaced hanging load with a slanted support cable and a rightward applied force.]Reasoning visual for T04-34Reasoning route
	The load is at rest, so the cable tension on the load must cancel the rightward applied force and the downward weight.
T⃗on load+50.0i^−(12.0)(9.80)j^=0⃗\vec T_{\text{on load}}+50.0\hat i-(12.0)(9.80)\hat j=\vec 0

	Thus the cable force on the load has a leftward horizontal component and an upward vertical component.
T⃗on load=−50.0i^+117.6j^  N\vec T_{\text{on load}}=-50.0\hat i+117.6\hat j\;\text{N}

	The tension magnitude is the length of this component vector.
T=(50.0)2+(117.6)2=127.8 NT=\sqrt{(50.0)^2+(117.6)^2}=127.8\,\text{N}

	At the ceiling anchor, the cable pulls the anchor in the opposite direction to the anchor's pull on the cable, so the force exerted by the cable on the anchor is rightward and downward with the same magnitude components.
F⃗cable on anchor=+50.0i^−117.6j^  N,∣F⃗∣=127.8 N\vec F_{\text{cable on anchor}}=+50.0\hat i-117.6\hat j\;\text{N},\qquad |\vec F|=127.8\,\text{N}


Reality check
If the horizontal force were zero, the result would reduce to a vertical tension equal to mg=117.6 Nmg=117.6\,\text{N}, as expected.
Final answer
Cable tension T=127.8 NT=127.8\,\text{N}. The cable pulls the ceiling anchor with F⃗=50.0i^−117.6j^ N\vec F=50.0\hat i-117.6\hat j\,\text{N}, magnitude 127.8 N127.8\,\text{N}.

Do
Keep separate the force of the cable on the load and the force of the cable on the anchor; they act on different bodies.

Don’t
Do not call the anchor force purely vertical after the load has been shifted sideways.

Common wrong move
A common mistake is to report T=mgT=mg. That ignores the required horizontal component 50.0 N50.0\,\text{N} of the cable tension.
Try a transfer
For the same mass, what happens to the cable angle from the vertical if the horizontal force is doubled?

T04-35 · Original practice · ADVANCED · Single correct
Question
A light ring is pulled by two strings whose tensions are fixed by two stationary hanging masses over ideal pulleys: m1=4.00 kgm_1=4.00\,\text{kg} gives T1=40.0 NT_1=40.0\,\text{N}, and m2=5.00 kgm_2=5.00\,\text{kg} gives T2=50.0 NT_2=50.0\,\text{N} using g=10.0 m s−2g=10.0\,\text{m s}^{-2}. These two strings meet the ring from the left half-plane (including the vertical boundary), one above and one below the horizontal, so their vertical components can cancel. A separate horizontal pull to the right can be adjusted to any value from 00 to 60.0 N60.0\,\text{N}. For equilibrium to be possible, what range of the included angle γ\gamma between the two mass-string directions is allowed?
	97.2∘≤γ≤143.1∘97.2^\circ\le\gamma\le143.1^\circ
	0∘≤γ≤97.2∘0^\circ\le \gamma\le97.2^\circ
	82.8∘≤γ≤180∘82.8^\circ\le \gamma\le180^\circ
	Only γ=90.0∘\gamma=90.0^\circ

Pause here and work out your answer before reading on.
Concept lens
Both the adjustable pull limit and the requirement that each fixed tension points into the left half-plane constrain the included angle.
[image: Ring pulled by two unequal mass-generated tensions from the left and by an adjustable horizontal force to the right.]Reasoning visual for T04-35Reasoning route
	The two mass-string tensions have fixed magnitudes 40.0 N40.0\,\text{N} and 50.0 N50.0\,\text{N}. Their resultant must be purely leftward so that the adjustable horizontal pull can balance it.
P=R=∣T⃗1+T⃗2∣P=R=|\vec T_1+\vec T_2|

	For included angle γ\gamma, the law of cosines gives the resultant magnitude.
R2=40.02+50.02+2(40.0)(50.0)cos⁡γR^2=40.0^2+50.0^2+2(40.0)(50.0)\cos\gamma

	The pull can supply at most 60.0 N60.0\,\text{N}, so equilibrium requires R≤60.0 NR\le60.0\,\text{N}.
1600+2500+4000cos⁡γ≤36001600+2500+4000\cos\gamma\le3600

	Solving the inequality gives the minimum included angle.
4000cos⁡γ≤−500⇒cos⁡γ≤−0.125⇒γ≥cos⁡−1(−0.125)=97.2∘4000\cos\gamma\le-500\Rightarrow \cos\gamma\le-0.125\Rightarrow \gamma\ge \cos^{-1}(-0.125)=97.2^\circ

	Both string forces must stay in the left half-plane. The horizontal resultant cannot be smaller than 30.0 N: at the extreme, the 40.0 N string is vertical and the 50.0 N string has 40.0 N of opposite vertical component and 30.0 N leftward component. This sets the maximum angle.
Rmin=50.02−40.02=30.0 N;cos⁡γmax=30.02−40.02−50.022(40.0)(50.0)=−0.800⇒γmax=143.1∘R_{\min}=\sqrt{50.0^2-40.0^2}=30.0\,\text{N};\quad \cos\gamma_{\max}=\frac{30.0^2-40.0^2-50.0^2}{2(40.0)(50.0)}=-0.800\Rightarrow\gamma_{\max}=143.1^\circ

	Combine the horizontal-pull upper bound with the left-half-plane geometry bound.
97.2∘≤γ≤143.1∘97.2^\circ\le\gamma\le143.1^\circ


Reality check
At 97.2° the required pull is 60.0 N. At 143.1° it is 30.0 N and the 40.0 N string is vertical. At 180°, unequal opposite vertical forces cannot cancel while both strings remain in the specified left half-plane.
Final answer
Option A: 97.2∘≤γ≤143.1∘97.2^\circ\le\gamma\le143.1^\circ.

Do
Check both the available horizontal pull and whether the proposed vector geometry fits the stated string directions.

Don’t
Do not use the law-of-cosines magnitude alone to approve a geometry that requires a string to point right or leaves uncancelled vertical force.

Common wrong move
Allowing 180° gives a 10 N resultant, but two unequal opposite vertical strings then leave a vertical imbalance; a horizontal pull cannot fix it.
Try a transfer
If the rightward pull can reach 90.0 N, what is the allowed angle interval while both mass strings still point into the left half-plane?

T04-36 · Original practice · ADVANCED · Numerical
Question
A tiny light ring is at the origin and is attached to three ideal springs. Spring A is anchored at (0.350 m,0)(0.350\,\text{m},0), has kA=100 N m−1k_A=100\,\text{N m}^{-1}, and natural length 0.300 m0.300\,\text{m}. Spring B is anchored at (0,0.240 m)(0,0.240\,\text{m}), has kB=150 N m−1k_B=150\,\text{N m}^{-1}, and natural length 0.200 m0.200\,\text{m}. Spring C is anchored at a point 0.440 m0.440\,\text{m} from the origin in the direction whose unit vector is (−5i^−6j^)/61(-5\hat i-6\hat j)/\sqrt{61}. Its stiffness is kC=200 N m−1k_C=200\,\text{N m}^{-1}, and its natural length L0CL_{0C} is to be chosen. All springs are stretched and pull the ring along the line from the ring to their anchors. What value of L0CL_{0C} makes the ring remain in equilibrium?
Pause here and work out your answer before reading on.
Concept lens
Spring forces are found from Hooke's law along each spring's geometry, and the vector sum of the three spring forces must be zero.
[image: Three stretched springs meeting at a ring, with two known axis-aligned pulls and one diagonal balancing spring.]Reasoning visual for T04-36Reasoning route
	Spring A is stretched from 0.300 m0.300\,\text{m} to 0.350 m0.350\,\text{m}, so it pulls the ring in the +x+x direction.
FA=kA(0.350−0.300)=100(0.050)=5.00 N⇒F⃗A=5.00i^ NF_A=k_A(0.350-0.300)=100(0.050)=5.00\,\text{N}\quad\Rightarrow\quad \vec F_A=5.00\hat i\,\text{N}

	Spring B is stretched from 0.200 m0.200\,\text{m} to 0.240 m0.240\,\text{m}, so it pulls the ring in the +y+y direction.
FB=kB(0.240−0.200)=150(0.040)=6.00 N⇒F⃗B=6.00j^ NF_B=k_B(0.240-0.200)=150(0.040)=6.00\,\text{N}\quad\Rightarrow\quad \vec F_B=6.00\hat j\,\text{N}

	For equilibrium, spring C must provide the exact opposite of these two forces.
F⃗C=−(5.00i^+6.00j^) N,∣F⃗C∣=5.002+6.002=61=7.81 N\vec F_C=-(5.00\hat i+6.00\hat j)\,\text{N},\quad |\vec F_C|=\sqrt{5.00^2+6.00^2}=\sqrt{61}=7.81\,\text{N}

	The given direction of spring C is exactly (−5i^−6j^)/61(-5\hat i-6\hat j)/\sqrt{61}, so only its magnitude must be set by choosing the extension.
kC(0.440−L0C)=7.81k_C(0.440-L_{0C})=7.81

	Solving for the natural length gives a positive stretch, consistent with the assumption that the spring is stretched.
L0C=0.440−7.81200=0.40095 m≈0.401 mL_{0C}=0.440-\frac{7.81}{200}=0.40095\,\text{m}\approx0.401\,\text{m}


Reality check
The extension of C is 0.0391 m0.0391\,\text{m}, giving 7.81 N7.81\,\text{N} along (−5,−6)(-5,-6), which cancels (5,6) N(5,6)\,\text{N}.
Final answer
L0C=0.40095 m≈0.401 mL_{0C}=0.40095\,\text{m}\approx0.401\,\text{m}.

Do
Calculate each spring force from its actual stretched length and direction.

Don’t
Do not add the spring constants as scalars; forces, not stiffnesses, must balance vectorially.

Common wrong move
Using only kCk_C and ignoring the direction of spring C can give a magnitude but not the required vector cancellation.
Try a transfer
If spring B's natural length were shortened, would spring C need a longer or shorter natural length to preserve equilibrium at the origin?

T04-37 · Original practice · ADVANCED · Numerical
Question
A light two-tier mobile is at rest. At the lower junction L, a 50.0 N50.0\,\text{N} load hangs vertically downward. A left lower cord pulls L up-left at 30.0∘30.0^\circ above the horizontal, and a connector cord pulls L up-right at 60.0∘60.0^\circ above the horizontal toward the upper junction U. At U, the same connector cord pulls down-left, a separate 20.0 N20.0\,\text{N} load pulls vertically downward, and two upper ceiling cords pull up-left and up-right, each at 45.0∘45.0^\circ above the horizontal. Find the tensions in the connector cord and in the two upper ceiling cords.
Pause here and work out your answer before reading on.
Concept lens
In a multi-junction light-rope assembly, solve the lower junction first to find the connector tension, then use that connector force on the upper junction with the opposite direction.
[image: A two-level hanging mobile with a lower load transmitted to an upper junction through a slanted connector cord.]Reasoning visual for T04-37Reasoning route
	At lower junction L, horizontal equilibrium relates the left lower-cord tension TlT_l to the connector tension TcT_c.
−Tlcos⁡30∘+Tccos⁡60∘=0⇒Tc=3 Tl-T_l\cos30^\circ+T_c\cos60^\circ=0\Rightarrow T_c=\sqrt3\,T_l

	The vertical components at L must support the 50.0 N50.0\,\text{N} load.
Tlsin⁡30∘+Tcsin⁡60∘=50.0T_l\sin30^\circ+T_c\sin60^\circ=50.0

	Substituting Tc=3TlT_c=\sqrt3T_l gives the lower-junction tensions.
0.500Tl+(3Tl)(0.866)=50.0⇒2.00Tl=50.0⇒Tl=25.0 N,  Tc=43.3 N0.500T_l+(\sqrt3T_l)(0.866)=50.0\Rightarrow 2.00T_l=50.0\Rightarrow T_l=25.0\,\text{N},\; T_c=43.3\,\text{N}

	At upper junction U, the connector pulls down-left. Its components are (−Tccos⁡60∘,−Tcsin⁡60∘)=(−21.65,−37.5) N(-T_c\cos60^\circ,-T_c\sin60^\circ)=(-21.65,-37.5)\,\text{N}, and the additional load is (0,−20.0) N(0,-20.0)\,\text{N}.
F⃗c on U=(−21.65i^−37.5j^) N\vec F_{c\text{ on }U}=(-21.65\hat i-37.5\hat j)\,\text{N}

	Let the upper-left and upper-right 45∘45^\circ ceiling tensions be AA and BB. Component balance at U gives two equations.
−A+B2=21.65,A+B2=57.5\frac{-A+B}{\sqrt2}=21.65,\quad \frac{A+B}{\sqrt2}=57.5

	Solving the sum and difference equations gives the two upper support tensions.
B−A=30.6,A+B=81.3⇒A=25.4 N,B=56.0 NB-A=30.6,\quad A+B=81.3\Rightarrow A=25.4\,\text{N},\quad B=56.0\,\text{N}


Reality check
The right upper cord is larger because it must balance the leftward horizontal component of the connector force as well as help lift the loads.
Final answer
Connector tension Tc=43.3 NT_c=43.3\,\text{N}; upper-left ceiling tension 25.4 N25.4\,\text{N}; upper-right ceiling tension 56.0 N56.0\,\text{N}.

Do
Propagate the connector tension from L to U with the same magnitude but opposite direction on the upper junction.

Don’t
Do not put the 50.0 N50.0\,\text{N} lower load directly on the upper-junction free-body diagram; its effect reaches U through the connector tension.

Common wrong move
Treating the whole mobile as one point misses the internal connector direction, which is essential for the unequal upper-cord tensions.
Try a transfer
If the connector at L became steeper while the 50.0 N50.0\,\text{N} load stayed fixed, how would the connector tension tend to change?

T04-38 · Original practice · ADVANCED · Numerical
Question
Two ceiling anchors are at the same height and are 6.00 m6.00\,\text{m} apart. A hook is constrained to hang 4.00 m4.00\,\text{m} below the anchor line but can be placed horizontally anywhere between the anchors. A left cable from the left anchor can safely carry at most 5.00 kN5.00\,\text{kN}; a right cable from the right anchor can safely carry at most 4.00 kN4.00\,\text{kN}. A vertical load WW hangs from the hook at rest. Find the hook's horizontal distance xx from the left anchor that maximizes the safe load, and find that maximum safe load.
Pause here and work out your answer before reading on.
Concept lens
For the largest safe vertical load, both cable tension limits are active and their horizontal components must be equal and opposite.
[image: Movable hook below two ceiling anchors with unequal cable tension limits, supporting a vertical load.]Reasoning visual for T04-38Reasoning route
	If the hook is xx from the left anchor, the horizontal distances to the two anchors are xx and 6.00−x6.00-x, while the vertical drop is 4.00 m4.00\,\text{m}.
sin⁡θL=xx2+4.002,sin⁡θR=6.00−x(6.00−x)2+4.002\sin\theta_L=\frac{x}{\sqrt{x^2+4.00^2}},\quad \sin\theta_R=\frac{6.00-x}{\sqrt{(6.00-x)^2+4.00^2}}

	At the optimum, both cables reach their allowed tensions; otherwise the load could be increased or the hook shifted to use the unused limit.
TL=5.00 kN,TR=4.00 kNT_L=5.00\,\text{kN},\qquad T_R=4.00\,\text{kN}

	Horizontal equilibrium of the hook requires equal opposite horizontal components.
5.00xx2+16.0=4.006.00−x(6.00−x)2+16.05.00\frac{x}{\sqrt{x^2+16.0}}=4.00\frac{6.00-x}{\sqrt{(6.00-x)^2+16.0}}

	Solving this equation gives the optimal hook position.
x≈2.49 mfrom the left anchorx\approx2.49\,\text{m}\quad\text{from the left anchor}

	The maximum load is the sum of the vertical components of the two limiting cable tensions at this position.
Wmax=5.004.00(2.49)2+16.0+4.004.00(3.51)2+16.0≈7.25 kNW_{\max}=5.00\frac{4.00}{\sqrt{(2.49)^2+16.0}}+4.00\frac{4.00}{\sqrt{(3.51)^2+16.0}}\approx7.25\,\text{kN}


Reality check
The hook is closer to the stronger left cable, making the weaker right cable less steeply loaded horizontally. Both tensions are at their limits, and horizontal components match.
Final answer
Optimal position x≈2.49 mx\approx2.49\,\text{m} from the left anchor; maximum safe load Wmax≈7.25 kNW_{\max}\approx7.25\,\text{kN}.

Do
Use geometry to express the cable angles; do not assume the best position is the midpoint when the safe tensions differ.

Don’t
Do not maximize only the vertical components independently; the hook must also satisfy horizontal equilibrium.

Common wrong move
Placing the hook at the midpoint gives equal angles, but then the stronger cable cannot be fully used because horizontal balance would force equal tensions.
Try a transfer
If both cables had the same maximum tension, where would the optimal hook position be by symmetry?

T04-39 · Original practice · MAIN · Single correct
Question
A light ring is at rest inside a smooth circular guide in a vertical plane. At the contact point, the radius from the centre to the ring makes 30.0∘30.0^\circ counterclockwise from the +x+x-axis. The guide can exert only a normal reaction along the local radius. Two applied strings pull the ring: string A pulls 12.0 N12.0\,\text{N} along +x+x, and string B pulls 6.93 N6.93\,\text{N} along +y+y. Neglect the ring's weight. What is the guide reaction on the ring?
	13.9 N13.9\,\text{N} radially outward
	6.00 N6.00\,\text{N} along the tangent, counterclockwise
	18.9 N18.9\,\text{N} vertically downward
	13.9 N13.9\,\text{N} radially inward

Pause here and work out your answer before reading on.
Concept lens
A smooth circular guide supplies a normal force along the radius, so tangential components of the other applied forces must cancel for rest.
[image: Ring in a circular guide with local radial direction at 30 degrees, pulled right and upward by two strings.]Reasoning visual for T04-39Reasoning route
	At 30.0∘30.0^\circ, the outward radial and counterclockwise tangential unit vectors are written from the local geometry.
e^r=(cos⁡30∘)i^+(sin⁡30∘)j^,e^t=−(sin⁡30∘)i^+(cos⁡30∘)j^\hat e_r=(\cos30^\circ)\hat i+(\sin30^\circ)\hat j,\quad \hat e_t=-(\sin30^\circ)\hat i+(\cos30^\circ)\hat j

	Check the tangential components of the two string forces; they cancel, so no tangential guide force is needed or possible.
12.0(i^⋅e^t)+6.93(j^⋅e^t)=12.0(−0.500)+6.93(0.866)≈−6.00+6.00=012.0(\hat i\cdot\hat e_t)+6.93(\hat j\cdot\hat e_t)=12.0(-0.500)+6.93(0.866)\approx-6.00+6.00=0

	Now add the outward radial components of the two string forces.
Fr=12.0(i^⋅e^r)+6.93(j^⋅e^r)=12.0(0.866)+6.93(0.500)=13.9 NF_r=12.0(\hat i\cdot\hat e_r)+6.93(\hat j\cdot\hat e_r)=12.0(0.866)+6.93(0.500)=13.9\,\text{N}

	Since the strings together pull radially outward, the guide must push radially inward with the same magnitude.
N⃗=−13.9e^r N\vec N=-13.9\hat e_r\,\text{N}


Reality check
The reaction has no tangential component, as required for a smooth circular guide. Its magnitude exactly cancels the radial resultant of the two strings.
Final answer
Option D: 13.9 N13.9\,\text{N} radially inward.

Do
Resolve the applied forces into local radial and tangential components at the contact point.

Don’t
Do not assume the guide reaction is vertical or horizontal; it follows the local normal direction.

Common wrong move
Using a wall-like horizontal normal would be wrong because the surface is circular; the normal rotates with the contact point.
Try a transfer
At what point on the circle would the same two string forces require a purely horizontal guide reaction?

T04-40 · Original practice · MAIN · Numerical
Question
A 100 N100\,\text{N} load is supported at rest by two identical upper strings arranged symmetrically, each making a small angle α\alpha above the horizontal. For such a nearly straight force triangle, the string tension is very sensitive to α\alpha. Compute the tension in each string for α=2.00∘\alpha=2.00^\circ. Then compute the tension one would get if the angle were mistakenly read as 3.00∘3.00^\circ, and find the percentage error relative to the correct 2.00∘2.00^\circ tension.
Pause here and work out your answer before reading on.
Concept lens
When two nearly horizontal strings support a vertical load, the vertical component is Tsin⁡αT\sin\alpha, so a small angle error causes a large tension error.
[image: A load hanging from two nearly horizontal symmetric strings, illustrating high tension sensitivity to small angle changes.]Reasoning visual for T04-40Reasoning route
	In the symmetric arrangement, horizontal components cancel and the two upward vertical components support the load.
2Tsin⁡α=100 N⇒T=1002sin⁡α2T\sin\alpha=100\,\text{N}\Rightarrow T=\frac{100}{2\sin\alpha}

	For the correct angle 2.00∘2.00^\circ, the sine is small, so the tension is large.
T2∘=1002sin⁡2.00∘=1002(0.03490)=1.43×103 NT_{2^\circ}=\frac{100}{2\sin2.00^\circ}=\frac{100}{2(0.03490)}=1.43\times10^3\,\text{N}

	If the angle is misread as 3.00∘3.00^\circ, the computed vertical component per newton of tension is larger, so the computed tension is smaller.
T3∘=1002sin⁡3.00∘=1002(0.05234)=955 NT_{3^\circ}=\frac{100}{2\sin3.00^\circ}=\frac{100}{2(0.05234)}=955\,\text{N}

	The percentage error is measured relative to the correct 2.00∘2.00^\circ value.
% error=955−14331433×100%=−33.3%\%\text{ error}=\frac{955-1433}{1433}\times100\%=-33.3\%

	The negative sign means the mistaken calculation underestimates the actual required tension.
∣% error∣=33.3% low|\%\text{ error}|=33.3\%\text{ low}


Reality check
For small angles, sin⁡α≈α\sin\alpha\approx\alpha in radians, so increasing the angle from 2∘2^\circ to 3∘3^\circ should reduce the tension by about a factor 2/32/3, matching 955/1433≈0.667955/1433\approx0.667.
Final answer
Correct tension: 1.43×103 N1.43\times10^3\,\text{N} per string. Misread-angle tension: 955 N955\,\text{N}. The misread value is 33.3%33.3\% too low.

Do
Use the angle above the horizontal with Ty=Tsin⁡αT_y=T\sin\alpha, and compare errors relative to the correct value.

Don’t
Do not use Tcos⁡αT\cos\alpha as the vertical component when α\alpha is measured above the horizontal.

Common wrong move
Using degrees directly in the small-angle approximation without converting to radians gives dimensionally meaningless estimates.
Try a transfer
For a fixed load, why does the tension tend to infinity as the two support strings become exactly horizontal?

ShunyaSaarthi · Physics XI · T04
Wave E · transfer and critique
Try each question before reading its worked route. Solutions follow their questions in this offline edition.
T04-41 · Original practice · MAIN · Single correct
Question
A light knot is at rest in the laboratory frame under three concurrent forces. String 1 pulls the knot with 10.0 N10.0\,\text{N} along +x+x. String 2 pulls the knot with 10.0 N10.0\,\text{N} along +y+y. A student claims: “The third force must be 20.0 N20.0\,\text{N} because the first two tensions add to 20.0 N20.0\,\text{N}.” Which critique is correct?
	The claim is correct because equilibrium uses the sum of magnitudes of all forces.
	The claim is wrong; the first two forces have resultant 10.02 N10.0\sqrt2\,\text{N}, so the third force must be 10.02 N10.0\sqrt2\,\text{N} directed at 225∘225^\circ from +x+x.
	The claim is wrong; the third force must be 20.0 N20.0\,\text{N} at 45∘45^\circ from +x+x.
	The claim is wrong only because a light knot cannot have three forces acting on it.

Pause here and work out your answer before reading on.
Concept lens
Equilibrium requires vector sum zero, not algebraic addition of force magnitudes unless all forces are collinear with signs.
[image: Two perpendicular 10 N forces are balanced by one down-left force equal and opposite to their diagonal resultant.]Reasoning visual for T04-41Reasoning route
	Write the two known forces as perpendicular component vectors in the stated lab frame.
F⃗1=10.0i^ N,F⃗2=10.0j^ N\vec F_1=10.0\hat i\,\text{N},\qquad \vec F_2=10.0\hat j\,\text{N}

	Add the known vectors componentwise, since perpendicular forces do not combine by simply adding magnitudes.
R⃗=F⃗1+F⃗2=(10.0i^+10.0j^) N\vec R=\vec F_1+
\vec F_2=(10.0\hat i+10.0\hat j)\,\text{N}

	Find the magnitude of this resultant using the Pythagorean theorem for its components.
∣R⃗∣=10.02+10.02=14.1 N=10.02 N|\vec R|=\sqrt{10.0^2+10.0^2}=14.1\,\text{N}=10.0\sqrt2\,\text{N}

	For equilibrium, the third force must be the negative of the resultant of the first two forces.
F⃗3=−R⃗=(−10.0i^−10.0j^) N\vec F_3=-\vec R=(-10.0\hat i-10.0\hat j)\,\text{N}

	The direction of (−10,−10)(-10,-10) lies in the third quadrant, making an angle of 225∘225^\circ measured counterclockwise from +x+x.
θ=180∘+45∘=225∘\theta=180^\circ+45^\circ=225^\circ


Reality check
The units remain newtons, and the limiting case of collinear forces is the only case where signed magnitudes along one line would be sufficient.
Final answer
Option B: F3=10.02 NF_3=10.0\sqrt2\,\text{N} at 225∘225^\circ from +x+x.

Do
Add force components or use a scaled vector diagram before taking magnitudes.

Don’t
Do not add 10+1010+10 when the force directions are perpendicular.

Common wrong move
Treating tension magnitudes like ordinary numbers and ignoring their directions gives the tempting but wrong value 20.0 N20.0\,\text{N}.
Try a transfer
If the two 10 N10\,\text{N} forces made 120∘120^\circ with each other instead, what would the third force magnitude become?

T04-42 · Original practice · MAIN · Short reasoning
Question
A small light knot joins two straight horizontal rope segments. The left segment pulls the knot to the left with tension TLT_L, and the right segment pulls the knot to the right with tension TRT_R. An external hand force of 5.00 N5.00\,\text{N} also pulls the knot to the right. The knot is at rest in the lab frame, and the two rope segments themselves are light and straight. If TL=12.0 NT_L=12.0\,\text{N}, what is TRT_R, and why need the two segment tensions not be equal?
Pause here and work out your answer before reading on.
Concept lens
A light rope segment has uniform tension only along an uninterrupted segment with no applied point force; a knot with an external force can have different tensions on its two sides.
[image: A knot is pulled left by one rope and right by another rope plus a hand force.]Reasoning visual for T04-42Reasoning route
	Choose +x+x to the right and list the horizontal forces acting on the knot, not on the entire rope system.
Fx=+TR+5.00−TLF_x=+T_R+5.00-T_L

	Since the knot is at rest, impose the zero resultant condition along the single horizontal line.
∑Fx=0⇒TR+5.00−12.0=0\sum F_x=0\Rightarrow T_R+5.00-12.0=0

	Solve the signed scalar equation for the right-segment tension.
TR=12.0−5.00=7.00 NT_R=12.0-5.00=7.00\,\text{N}

	The applied hand force acts at the knot, so the knot is not merely an uninterrupted massless rope element with equal and opposite end tensions.
TL−TR=5.00 NT_L-T_R=5.00\,\text{N}


Reality check
The left pull 12.0 N12.0\,\text{N} balances the combined right pulls 7.00+5.00=12.0 N7.00+5.00=12.0\,\text{N}, so equilibrium is feasible.
Final answer
TR=7.00 NT_R=7.00\,\text{N}. The tensions differ because the external 5.00 N5.00\,\text{N} force acts at the knot, causing a jump in tension across that point.

Do
Draw the free-body diagram of the knot alone and include the external applied force.

Don’t
Do not assume equal tension across a knot where an extra point force is applied.

Common wrong move
Setting TR=TL=12.0 NT_R=T_L=12.0\,\text{N} would leave an unbalanced 5.00 N5.00\,\text{N} force to the right.
Try a transfer
If the hand instead pulled left with 5.00 N5.00\,\text{N}, how would the relation between TLT_L and TRT_R change?

T04-43 · Original practice · MAIN · Single correct
Question
A small ring is at rest under three forces in a vertical plane: its known weight acts vertically downward, a horizontal pull HH acts to the right, and a single taut string pulls the ring up-left. From a photograph, the string is seen to make an angle θ\theta with the vertical. The photograph is not calibrated for length scale, but angles can be measured accurately. Which is the minimum information needed to infer HH? Assume the ring is a particle and the lab frame is inertial.
	Only the string angle θ\theta, because the tension cancels from the equations.
	Only the photograph length scale, because force is proportional to photographed rope length.
	The ring’s weight WW or mass with gg, and the angle θ\theta.
	The string material, the ring radius, and the photograph exposure time.

Pause here and work out your answer before reading on.
Concept lens
For a three-force particle in equilibrium, the horizontal pull is related to the known vertical weight by the measured rope angle.
[image: A three-force ring in equilibrium where a measured string angle and known weight determine the horizontal pull.]Reasoning visual for T04-43Reasoning route
	Let the string tension be TT. Since the string is up-left and makes angle θ\theta with the vertical, its components have magnitudes Tcos⁡θT\cos\theta vertically and Tsin⁡θT\sin\theta horizontally.
Ty=Tcos⁡θ,∣Tx∣=Tsin⁡θT_y=T\cos\theta,\qquad |T_x|=T\sin\theta

	Vertical equilibrium fixes the unknown tension in terms of the known weight.
∑Fy=0⇒Tcos⁡θ−W=0⇒T=Wcos⁡θ\sum F_y=0\Rightarrow T\cos\theta-W=0\Rightarrow T=\frac{W}{\cos\theta}

	Horizontal equilibrium then gives the horizontal pull as the horizontal component of the same tension.
∑Fx=0⇒H−Tsin⁡θ=0\sum F_x=0\Rightarrow H-T\sin\theta=0

	Eliminate TT to show exactly what must be measured.
H=Wcos⁡θsin⁡θ=Wtan⁡θH=\frac{W}{\cos\theta}\sin\theta=W\tan\theta


Reality check
The result has units of force because tan⁡θ\tan\theta is dimensionless. If θ=0∘\theta=0^\circ, the string is vertical and H=0H=0, as expected.
Final answer
Option C: measure the weight WW or mass with gg, and the rope angle θ\theta; then H=Wtan⁡θH=W\tan\theta.

Do
Use the photographed angle together with one known force scale.

Don’t
Do not try to infer force from the apparent photographed length of an ideal string.

Common wrong move
Assuming that angle alone determines an absolute force ignores that doubling the weight doubles the required horizontal pull.
Try a transfer
If the string made the same angle but the ring’s mass were doubled, what would happen to HH?

T04-44 · Original practice · MAIN · Single correct
Question
A fixed load of weight WW is held at rest by two identical upper ropes arranged symmetrically, one to the left and one to the right. Each rope makes an angle α\alpha above the horizontal. Which practical choice reduces the tension in each rope below the load weight, rather than amplifying it above WW?
	α=10∘\alpha=10^\circ, nearly horizontal ropes.
	α=20∘\alpha=20^\circ, shallow ropes.
	α=30∘\alpha=30^\circ, ropes giving exactly T=WT=W.
	α=60∘\alpha=60^\circ, steeper ropes.

Pause here and work out your answer before reading on.
Concept lens
For symmetric support by two ropes measured above the horizontal, T=W/(2sin⁡α)T=W/(2\sin\alpha). Tension is below WW only when α>30∘\alpha>30^\circ.
[image: A load is supported by two symmetric ropes, with larger vertical components for steeper ropes.]Reasoning visual for T04-44Reasoning route
	By symmetry the two rope tensions are equal, so only their vertical components support the weight.
2Tsin⁡α=W2T\sin\alpha=W

	Solve the vertical balance for the tension in each rope.
T=W2sin⁡αT=\frac{W}{2\sin\alpha}

	Require the support tension to be less than the load weight and simplify the dimensionless inequality.
W2sin⁡α<W⇒2sin⁡α>1⇒sin⁡α>12\frac{W}{2\sin\alpha}<W\Rightarrow 2\sin\alpha>1\Rightarrow \sin\alpha>\frac12

	For angles between 0∘0^\circ and 90∘90^\circ, this means the rope must be steeper than 30∘30^\circ above the horizontal.
α>30∘\alpha>30^\circ

	Among the given choices, only 60∘60^\circ satisfies the condition and gives a reduced tension.
T(60∘)=W2sin⁡60∘=W3=0.577WT(60^\circ)=\frac{W}{2\sin60^\circ}=\frac{W}{\sqrt3}=0.577W


Reality check
As α→0∘\alpha\to0^\circ, sin⁡α→0\sin\alpha\to0 and the tension becomes very large, matching the known danger of nearly horizontal ropes.
Final answer
Option D: choose α=60∘\alpha=60^\circ, for which each rope has tension 0.577W<W0.577W<W.

Do
Make the ropes sufficiently steep when the goal is to reduce tension.

Don’t
Do not make the support ropes nearly horizontal for a heavy load.

Common wrong move
Thinking that a wider, flatter V gives more support; actually it gives a small vertical component and large tension.
Try a transfer
For what angle α\alpha would each rope tension be exactly 0.75W0.75W?

T04-45 · Original practice · MAIN · Numerical
Question
A force polygon for a particle in equilibrium is drawn to scale, but the third side is missing. The scale is 1.00 cm=10.0 N1.00\,\text{cm}=10.0\,\text{N}. The first drawn side goes from point A=(0,0) cmA=(0,0)\,\text{cm} to B=(4.00,1.00) cmB=(4.00,1.00)\,\text{cm}. The second drawn side goes from BB to C=(2.00,4.00) cmC=(2.00,4.00)\,\text{cm}. The missing third force must close the polygon from CC back to AA. Find the hidden third force in component form and its magnitude.
Pause here and work out your answer before reading on.
Concept lens
In a closed head-to-tail force polygon, the missing equilibrating side is the vector that returns the endpoint to the start.
[image: Two sides of a scaled force triangle are drawn, and the missing side returns from the endpoint to the start.]Reasoning visual for T04-45Reasoning route
	Use the stated scale to convert a displacement in centimeters on the force polygon into a force in newtons.
1.00 cm=10.0 N1.00\,\text{cm}=10.0\,\text{N}

	The missing side runs from C=(2.00,4.00)C=(2.00,4.00) back to A=(0,0)A=(0,0), so its drawing displacement is A−CA-C.
Δr⃗CA=(0−2.00, 0−4.00) cm=(−2.00,−4.00) cm\Delta \vec r_{CA}=(0-2.00,\,0-4.00)\,\text{cm}=(-2.00,-4.00)\,\text{cm}

	Convert both components using the force scale.
F⃗3=(−2.00×10.0i^−4.00×10.0j^) N=(−20.0i^−40.0j^) N\vec F_3=(-2.00\times10.0\hat i-4.00\times10.0\hat j)\,\text{N}=(-20.0\hat i-40.0\hat j)\,\text{N}

	Compute the magnitude from the perpendicular components.
∣F⃗3∣=(−20.0)2+(−40.0)2 N=44.7 N|\vec F_3|=\sqrt{(-20.0)^2+(-40.0)^2}\,\text{N}=44.7\,\text{N}


Reality check
The missing vector points down-left, which is necessary because the incomplete polygon endpoint CC lies up-right of the start AA.
Final answer
F⃗3=(−20.0i^−40.0j^) N\vec F_3=(-20.0\hat i-40.0\hat j)\,\text{N}, with magnitude 44.7 N44.7\,\text{N}.

Do
Use the closing side from the final point back to the initial point.

Don’t
Do not reverse the missing vector direction; that would give the resultant of the first two forces, not the equilibrant.

Common wrong move
Taking the missing force as (+20,+40) N(+20,+40)\,\text{N} confuses the resultant with the force that closes the equilibrium polygon.
Try a transfer
If the scale were changed to 1.00 cm=5.00 N1.00\,\text{cm}=5.00\,\text{N}, which parts of the answer would change?

T04-46 · Original practice · ADVANCED · Single correct
Question
Two light knots AA and BB are connected by a taut horizontal light cord. At knot AA, a vertical string pulls downward with 30.0 N30.0\,\text{N}, a ceiling cord pulls up-left at 60.0∘60.0^\circ above the horizontal, and the horizontal cord pulls to the right with tension HH. Knot BB is attached to other external supports so the whole two-knot assembly is at rest. Which free-body diagram is needed to determine HH directly, and what is HH from knot AA?
	The whole-assembly FBD; it gives H=30.0 NH=30.0\,\text{N} because internal tensions must be shown.
	The whole-assembly FBD; it gives H=0H=0 because the assembly is at rest.
	The one-knot FBD of AA; it gives H=17.3 NH=17.3\,\text{N}.
	No FBD can determine HH unless the mass of the horizontal cord is known.

Pause here and work out your answer before reading on.
Concept lens
Internal tensions cancel in the free-body diagram of a larger assembly, but they appear as external forces when one part of the assembly is isolated.
[image: A whole assembly hides the internal connector tension, while the one-knot diagram exposes it.]Reasoning visual for T04-46Reasoning route
	For the whole two-knot assembly, the horizontal cord tension is internal because the cord pulls knot AA and knot BB in opposite directions.
Hon A+Hon B=0inside the combined systemH_{\text{on }A}+H_{\text{on }B}=0\quad \text{inside the combined system}

	To find HH, isolate knot AA, where the horizontal cord force is external to the chosen subsystem.
FBD of knot A:H, T, 30.0 N\text{FBD of knot }A:\quad H,\ T,\ 30.0\,\text{N}

	Use vertical equilibrium at knot AA to find the slanted ceiling-cord tension TT.
Tsin⁡60.0∘=30.0⇒T=30.00.866=34.6 NT\sin60.0^\circ=30.0\Rightarrow T=\frac{30.0}{0.866}=34.6\,\text{N}

	Use horizontal equilibrium at knot AA; the rightward horizontal cord balances the leftward component of the ceiling tension.
H=Tcos⁡60.0∘=(34.6)(0.500)=17.3 NH=T\cos60.0^\circ=(34.6)(0.500)=17.3\,\text{N}


Reality check
The value is less than 30.0 N30.0\,\text{N} because the ceiling cord is steep; its horizontal component is smaller than its vertical component.
Final answer
Option C: isolate knot AA; H=17.3 NH=17.3\,\text{N}.

Do
Choose the subsystem whose boundary cuts the force you want to find.

Don’t
Do not expect a whole-assembly FBD to reveal a force that is internal to that assembly.

Common wrong move
Drawing the whole system and then trying to solve for the internal cord tension, which cancels out of the external equilibrium equations.
Try a transfer
If the ceiling cord at AA were at 45∘45^\circ above the horizontal instead, what would HH be?

T04-47 · Original practice · MAIN · Single correct
Question
A light ring is at rest. One upper rope pulls the ring up-left with tension 140 N140\,\text{N}. The rope direction is such that its horizontal component is 100 N100\,\text{N} to the left and its vertical component is 98.0 N98.0\,\text{N} upward. A vertical string pulls the ring downward with 98.0 N98.0\,\text{N}. A horizontal hand pull HH to the right keeps the ring in equilibrium. A student answers H=140 NH=140\,\text{N}. What is the correct diagnosis and value of HH?
	The student is correct because the hand balances the full upper-rope tension; H=140 NH=140\,\text{N}.
	The student used the upper-rope magnitude instead of its horizontal component; H=100 NH=100\,\text{N}.
	The student used the vertical component instead of the horizontal component; H=98.0 NH=98.0\,\text{N}.
	No horizontal pull is needed because the vertical forces balance; H=0H=0.

Pause here and work out your answer before reading on.
Concept lens
A horizontal force balances only the horizontal component of an oblique tension, not the full tension magnitude.
[image: The ring is balanced by a rightward force equal to the leftward component of a slanted 140 N tension.]Reasoning visual for T04-47Reasoning route
	Separate the oblique upper-rope tension into its stated components rather than using its full magnitude in a horizontal equation.
T⃗=(−100i^+98.0j^) N\vec T=(-100\hat i+98.0\hat j)\,\text{N}

	The downward vertical string cancels the vertical component of the upper rope.
∑Fy=98.0−98.0=0\sum F_y=98.0-98.0=0

	Apply horizontal equilibrium to the ring, taking right as positive.
∑Fx=H−100=0\sum F_x=H-100=0

	Therefore the required hand pull is the horizontal component of the upper-rope tension.
H=100 NH=100\,\text{N}


Reality check
The full tension magnitude is consistent: 1002+98.02≈140 N\sqrt{100^2+98.0^2}\approx140\,\text{N}, but that full vector is not horizontal.
Final answer
Option B: the correct horizontal pull is H=100 NH=100\,\text{N}, not 140 N140\,\text{N}.

Do
Use only the component of an oblique force along the direction being balanced.

Don’t
Do not place a full slanted tension magnitude into a horizontal force balance.

Common wrong move
Choosing 140 N140\,\text{N} because it is the largest and most visible force label, even though the question asks for a horizontal pull.
Try a transfer
If the upper-rope tension stayed 140 N140\,\text{N} but its horizontal component became 80 N80\,\text{N}, what would HH be?

T04-48 · Original practice · MAIN · Numerical
Question
A light particle is at rest under three forces. A load pulls it vertically downward with 50.0 N50.0\,\text{N}. String AA pulls up-left at 30.0∘30.0^\circ above the horizontal, and string BB pulls up-right at 60.0∘60.0^\circ above the horizontal. Instead of using Lami’s theorem, solve by components and find the two string tensions TAT_A and TBT_B.
Pause here and work out your answer before reading on.
Concept lens
Lami’s theorem and component equilibrium are equivalent for a three-force particle; components often make the balance more transparent.
[image: Two unequal angled string tensions support a downward load in equilibrium.]Reasoning visual for T04-48Reasoning route
	Resolve the two string tensions into horizontal components and require them to cancel.
∑Fx=0:−TAcos⁡30.0∘+TBcos⁡60.0∘=0\sum F_x=0:\quad -T_A\cos30.0^\circ+T_B\cos60.0^\circ=0

	Use the horizontal equation to express TBT_B in terms of TAT_A.
TB=cos⁡30.0∘cos⁡60.0∘TA=0.8660.500TA=1.732TAT_B=\frac{\cos30.0^\circ}{\cos60.0^\circ}T_A=\frac{0.866}{0.500}T_A=1.732T_A

	Resolve the vertical components and require them to support the 50.0 N50.0\,\text{N} downward load.
∑Fy=0:TAsin⁡30.0∘+TBsin⁡60.0∘−50.0=0\sum F_y=0:\quad T_A\sin30.0^\circ+T_B\sin60.0^\circ-50.0=0

	Insert the horizontal relation into the vertical equation to solve for TAT_A.
0.500TA+0.866(1.732TA)=50.0⇒2.00TA=50.00.500T_A+0.866(1.732T_A)=50.0\Rightarrow 2.00T_A=50.0

	Calculate both tensions from the solved value of TAT_A.
TA=25.0 N,TB=1.732(25.0)=43.3 NT_A=25.0\,\text{N},\qquad T_B=1.732(25.0)=43.3\,\text{N}


Reality check
The steeper right string has the larger tension because it must also provide enough horizontal component to balance the shallower left string.
Final answer
TA=25.0 NT_A=25.0\,\text{N}, TB=43.3 NT_B=43.3\,\text{N}.

Do
Write separate xx- and yy-component equations with signs.

Don’t
Do not assign equal tensions merely because there are two supporting strings.

Common wrong move
Using 2Tsin⁡45∘=502T\sin45^\circ=50 incorrectly imposes a symmetric geometry that the problem does not have.
Try a transfer
Check the same answer using Lami’s theorem: what angle lies opposite TAT_A?

T04-49 · Original practice · MAIN · Single correct
Question
A student says: “If three concurrent forces have equal magnitude, they must balance.” Which option gives a counterexample using three forces of magnitude 10.0 N10.0\,\text{N} acting on the same particle?
	Directions 0∘0^\circ, 120∘120^\circ, and 240∘240^\circ from +x+x.
	Directions 30∘30^\circ, 150∘150^\circ, and 270∘270^\circ from +x+x.
	Directions 0∘0^\circ, 90∘90^\circ, and 180∘180^\circ from +x+x.
	Directions 60∘60^\circ, 180∘180^\circ, and 300∘300^\circ from +x+x.

Pause here and work out your answer before reading on.
Concept lens
Equal magnitudes balance only for suitable directions, such as three coplanar forces separated by 120∘120^\circ, not for arbitrary directions.
[image: Three equal forces do not balance when two cancel horizontally and one remains upward.]Reasoning visual for T04-49Reasoning route
	A valid counterexample must use equal magnitudes but produce a nonzero vector sum.
∣F⃗1∣=∣F⃗2∣=∣F⃗3∣=10.0 N,∑F⃗≠0|\vec F_1|=|\vec F_2|=|\vec F_3|=10.0\,\text{N},\qquad \sum\vec F\ne0

	Test option C by writing the three component vectors for 0∘0^\circ, 90∘90^\circ, and 180∘180^\circ.
F⃗1=10i^,F⃗2=10j^,F⃗3=−10i^\vec F_1=10\hat i,
\quad \vec F_2=10\hat j,
\quad \vec F_3=-10\hat i

	Add the components; the right and left forces cancel, but the upward force remains.
∑F⃗=(10−10)i^+10j^=10j^ N\sum\vec F=(10-10)\hat i+10\hat j=10\hat j\,\text{N}

	Because the resultant is not zero, option C disproves the statement.
∑F⃗≠0⃗\sum\vec F\ne\vec0

	The other listed sets are examples of directions spaced by 120∘120^\circ, which do balance.
0∘,120∘,240∘⇒∑F⃗=0⃗0^\circ,120^\circ,240^\circ\quad\Rightarrow\quad \sum\vec F=\vec0


Reality check
The counterexample has all three magnitudes equal to 10.0 N10.0\,\text{N}, so the failure is purely due to direction.
Final answer
Option C is the counterexample: the resultant is 10.0 N10.0\,\text{N} upward, not zero.

Do
Check vector directions, not just equal magnitudes.

Don’t
Do not assume equal-length arrows automatically form a closed triangle.

Common wrong move
Remembering the special 120∘120^\circ-apart case and overgeneralizing it to every set of three equal forces.
Try a transfer
Can four equal forces fail to balance? Give one set of four directions as a counterexample.

T04-50 · Original practice · MAIN · Short reasoning
Question
A ring of mass 0.500 kg0.500\,\text{kg} is initially drawn with the following force diagram in the lab frame: 8.00 N8.00\,\text{N} to the right, 6.00 N6.00\,\text{N} upward, and 10.0 N10.0\,\text{N} downward. The ring is then observed to accelerate instead of remain at rest. Does the same equilibrium force polygon apply, and what is the missing resultant force?
Pause here and work out your answer before reading on.
Concept lens
The same applied forces may be drawn, but they no longer form a closed equilibrium polygon; their vector sum is the net force ma⃗m\vec a.
[image: The three forces on an accelerating ring have a nonzero resultant directed down-right.]Reasoning visual for T04-50Reasoning route
	Add the horizontal components of the three stated forces.
∑Fx=+8.00 N\sum F_x=+8.00\,\text{N}

	Add the vertical components, taking upward as positive.
∑Fy=+6.00−10.0=−4.00 N\sum F_y=+6.00-10.0=-4.00\,\text{N}

	Combine these components to identify the nonzero resultant, which replaces the zero-sum condition of equilibrium.
F⃗net=(8.00i^−4.00j^) N\vec F_{\text{net}}=(8.00\hat i-4.00\hat j)\,\text{N}

	Use Newton's second law to relate the resultant to the observed acceleration.
a⃗=F⃗netm=8.00i^−4.00j^0.500=(16.0i^−8.00j^) m s−2\vec a=\frac{\vec F_{\text{net}}}{m}=\frac{8.00\hat i-4.00\hat j}{0.500}=(16.0\hat i-8.00\hat j)\,\text{m s}^{-2}

	The force diagram can still list the actual forces, but it must not be closed as an equilibrium polygon.
∑F⃗=ma⃗≠0⃗\sum\vec F=m\vec a\ne\vec0


Reality check
The net force magnitude is 8.002+(−4.00)2=8.94 N\sqrt{8.00^2+(-4.00)^2}=8.94\,\text{N}, giving acceleration magnitude 17.9 m s−217.9\,\text{m s}^{-2}, consistent with F=maF=ma.
Final answer
No. The equilibrium polygon does not apply because the forces do not sum to zero. The missing resultant is F⃗net=(8.00i^−4.00j^) N=ma⃗\vec F_{\text{net}}=(8.00\hat i-4.00\hat j)\,\text{N}=m\vec a.

Do
Keep the same real force arrows, then add their vector sum to get the resultant when acceleration occurs.

Don’t
Do not force a closing equilibrium vector unless an additional real force is actually present.

Common wrong move
Adding a fictional fourth force to close the polygon and then calling the accelerating ring balanced.
Try a transfer
If an extra real force were applied to make the ring rest, what vector would that added force need to be?

ShunyaSaarthi · Physics XI
You finished T04
Concurrent-force equilibrium
Take the method forward
Which system choice or diagram changed your answer most often?
Can you explain one decisive equation without reading its solution?
Which question will you retry in two days without notes?
The five waves you completed
	A · locate one point and its forces
	B · resolve and solve
	C · angle, sign and constraint traps
	D · constrained multi-point systems
	E · transfer and critique

SS-PXI-C05-T04-20261101-01 · 50 original-practice questions · no authenticated JEE PYQs.
Copyright 2026 ShunyaSaarthi by AgentAdda. All rights reserved.
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T04-41 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Perpendicular force balance

READ THE FIGURE

« Editable vector arrow from knot to the
right labelled F1 = 10.0 N

« Editable vector arrow from knot upward
labelled F2 = 10.0 N

« Editable dashed resultant arrow
up-right labelled R

« Editable vector arrow down-left labelled
F3=-R

« Angle marker from +x to F3 labelled
225°
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T04-40 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Small-angle tension

READ THE FIGURE

« Downward load arrow 100 N.

o Left and right string tension arrows
along the strings.

« Each string angle above the horizontal
labelled a.

« Show two comparison labels near the
angle marker: o=2.00° correct and
0=3.00° mistaken.

» Vertical component relation label
2Tsino=100 N.






EPUB/images/T04-43.png
T04-43 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Ring angle determines pull READ THE FIGURE

« Downward arrow labelled W
» Rightward arrow labelled H = ?
» Up-left arrow along string labelled

» Angle between string and vertical
labelled theta

« Coordinate axes: +x right, +y up
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T04-42 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Knot with added hand pull READ THE FIGURE

o Leftward arrow labelled TL = 12.0
« Rightward arrow labelled TR = ?

» Rightward arrow labelled hand force
5.00N

« Coordinate arrow +x to the right
o Text near knot: at rest

at rest

———°-"—"—"""""
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T04-01 - CONCURRENT FORCES - ANNOTATED SOLUTION FIGURE

HANGING LAMP - ring junction FREE BODY - ring only

TL . 20\ TR . 500
( /

link pull = 19.6 N |
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T04-45 - FORCE EQUILIBRIUM - SOLUTION FIGURE

READ THE FIGURE

o Point A at (0,0) cm

Closing force polygon

« Point B at (4.00,1.00) cm

« Point C at (2.00,4.00) cm

« Arrow A to B labelled first force

« Arrow B to C labelled second force

« Dashed arrow C to A labelled hiddgn
third force

o Scale note: 1.00cm = 10.0 N
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T04-44 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Symmetric rope support READ THE FIGURE

» Central downward arrow labelled

o Left rope tension arrow up-left labelled
T

« Right rope tension arrow up-right
labelled T

» Angle between each rope and horiZonta
labelled alpha

« Vertical component arrows on both
tensions labelled T sin alpha
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T04-36 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Three spring equilibrium READ THE FIGURE

« Spring A: anchor (0.350 m,0), kA=100
N m-1, LOA=0.300 m, force arrow +x.
« Spring B: anchor (0,0.240 m), kB=150
N m-1, LOB=0.200 m, force arrow +y.
» Spring C: current length 0.440 m,
direction unit vector (-5 i-6 j)N(61),
kC=200 N m-1, force arrow down-left.
« Unknown label LOC on spring C.
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T04-35 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Ring with two tensions READ THE FIGURE

« Upper-left tension arrow T1=40.0

« Lower-left tension arrow T2=50.0 N.

« Included angle between the two ter]sion
arrows labelled y.

» Rightward horizontal pull arrow labglled
0< P<60.0 N.

« Indicate vertical components of T1 and
T2 are opposite in sign.

« Upper endpoint: y = 143.1° when 40.0 N
string is vertical

The pull cap imposes R < 60.0 N, while left-half-plane geometry imposes R > 30.0 N.
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T04-38 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Unequal cable hook READ THE FIGURE

o Left anchor at (0,0), right anchor at
(6.00 m,0).

« Hook at (x,-4.00 m).

« Left cable tension limit TL<5.00 kN,

« Right cable tension limit TR<4.00 kN.

« Downward load arrow W at the hook.

» Angles from vertical labelled 6L ang
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T04-37 - FORCE EQUILIBRIUM - SOLUTION FIGURE

READ THE FIGURE

o At L: downward arrow 50.0 N; up-le
arrow Tl, 30.0°; up-right connector

Two-tier mobile forces

arrow Tc, 60.0°.

« At U: down-left connector arrow Tc
opposite to the connector direction pt
L; downward arrow 20.0 N.

o At U: upper-left arrow A, 45.0° above

horizontal; upper-right arrow B, 45.0°

above horizontal.

o Axes: +x right, +y up.

The connector is an internal cord for the full assembly but an external force for each junctior
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T04-39 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Ring in smooth guide

READ THE FIGURE

« Outward radial unit vector er at 30.0°
from +x.

« Tangential unit vector et at 120.0°
from +x.

» String A force arrow 12.0 N along +x.
» String B force arrow 6.93 N along

» Guide reaction arrow N along the radius
direction to be determined.
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T04-30 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Pulley support reaction READ THE FIGURE

« Vertical rope tension on pulley: 100/ N
downward

« Slanted rope tension on pulley: 100 N,
downward-right

« Angle between rope segments: 45.0°
« Support reaction: R, upward-left

« Direction of R: 22.5° left of upward
vertical
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T04-32 - FORCE EQUILIBRIUM - SOLUTION FIGURE

READ THE FIGURE

Pulley force balance

« Rope force 100 N vertically downward o
the pulley.

» Rope force 100 N downward-right, 60.0¢
from vertical.

o Support arrow TL up-left, 60.0° fro
vertical.

o Support arrow TR up-right, 30.0° from
vertical.

« Coordinate axes: +x right, +y upward.






EPUB/images/T04-31.png
T04-31 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Two equilibrium knots READ THE FIGURE

o At knot A: arrow TA up-left, 45.0° above
horizontal; arrow H right; arrow 29.4 N
downward.

o At knot B: arrow H left; arrow TB
up-right, 45.0° above horizontal;
downward arrows 19.6 N and 9.80

o Use +x right and +y upward.
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T04-34 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Slanted cable load READ THE FIGURE

« On the load: arrow 50.0 N to the right.

« On the load: arrow mg=117.6 N
downward.

« On the load: cable tension arrow T
up-left along the cable.

« On the anchor: force of cable on anchor

arrow with components +50.0 N right

and -117.6 N downward.
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T04-33 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Bead on smooth wire READ THE FIGURE

« Bead weight arrow mg=3.00 N
downward.

« Wire normal reaction arrow N
horizontal to the left or right as
needed.

« Elastic tension arrow T=k(L-0.350)

from bead toward P, up-right along the

string.

« Horizontal separation 0.300 m; vertjcal
separation 0.800-y; string length
L=V(0.3002+(0.800-y)?).
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T04-25 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Ring against wall READ THE FIGURE

o Weight: 40.0 N downward

« Tension: T at 30.0° above horizontal
toward the wall

« Wall normal: N horizontally right

o Label: smooth wall, no friction

smooth wall
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RING AT A STOP — HORIZONTAL FORCE BALANCE

T=0

(possible string tension)
stop
4.00 N (stop reaction)

(exﬂ.arnal pull)

String may be slack
or taut; T is not
determined.

Smooth rod:

no horizontal friction.

Nop = T =400 N =0 = N = 400N+ T T=0
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T04-27 - FORCE EQUILIBRIUM - SOLUTION FIGURE

READ THE FIGURE

Tension limit fails

« Downward force: 70.0 N
« Upper tension 1: 30.0 N
« Upper tension 2: 30.0 N

» Maximum upward resultant case: bpth
tensions vertical upward

max upward case

I
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T04-26 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Shallow rope support READ THE FIGURE

« Central load: 100 N downward

o Left tension: T along rope at o above
horizontal

« Right tension: T along rope at o above
horizontal

» Vertical components: each Tsino upwar
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T04-29 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Changing right angle

A

READ THE FIGURE

« Left angle in both: 25.0° from vertical

« Configuration A right angle: 35.0° from
vertical

« Configuration B right angle: 55.0° from
vertical

o Load: fixed W downward

« Horizontal balance: TLsina=TRsin
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T04-28 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Scalar vs vector balance READ THE FIGURE

e Case I: +12.0 N, -5.0 N, F all on x-gxis
« Case Il: 12.0 N along +x

» Case Il: 5.0 N at 60.0° above +x

» Case II: unknown balancing vector
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T04-21 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Symmetric V load READ THE FIGURE

o Downward arrow at knot: 120 N

« Left upper tension arrow along string:
T, 30.0° from vertical

« Right upper tension arrow along strjng:
T, 60.0° above horizontal

» Dashed vertical line through knot

» Dashed horizontal line through kno

V support






EPUB/images/T04-20.png
T04-20 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Crane hook cable limits READ THE FIGURE

o Left cable arrow up-left: TL, angle 40.0°
from vertical, limit 3.00 kN

« Right cable arrow up-right: TR, ang|e
30.0° from vertical, limit 2.50 kN

o Downward arrow: W

« Horizontal components labelled:
TLsin40° left, TRsin30° right

« Vertical components labelled: TLco
TRcos30°

L limit

40°
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THREE FORCES AT A BEAD

Exterior marking is not the included vector angle

F2=50.0N

110.0° exterior
10.0° included

____________ F1=30.0N

F3=66.5N

-
Read the two angles

Marked outside: 110.0°
Between F1 and F2: 30.0°

Third force opposes
the resultant F1 + F2.

ANGLE AND MAGNITUDE
theta = 180° - 110° = 30°

R? = 30+ 50 + 2(30)(50) cos 30" F3

=R=665N
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FREE-BODY DIAGRAM To4-22

Light ring at rest - three forces on the ring m=100kg g =9.80 m/s’

verfical reference

600" (5 p_4q0N

T_L=849N

30.0°

W
B T_lower = 98.0 N
pull of the Lower rope
HORIZONTAL BALANCE VERTICAL BALANCE
ZF =0 IF, =0
T_Rssin 60° = T_L sin 30° T_L cos 30° + T_R cos 60° = 98.0N
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T04-14 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Symmetric V rope READ THE FIGURE

« Central downward arrow: W=98.0

o Left rope tension arrow: T, up-left
along rope

« Right rope tension arrow: T, up-right
along rope

« Each rope labelled angle 6 from the
vertical dashed line

» Horizontal components marked eqyal
and opposite
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T04-13 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Particle at smooth guide READ THE FIGURE

« Weight arrow downward: 20.0 N
« Support arrow upward: S

» Applied force arrow down-right: 40.
at 25.0° below +x

« Horizontal guide reaction arrow
leftward: R, no vertical component

o Axes: +x right, +y up






EPUB/images/T04-16.png
T04-16 - FORCE EQUILIBRIUM - SOLUTION FIGURE

READ THE FIGURE

o Cord P: arrow from knot at 30.0°,

Knot in three-force balance

labelled TP

o Cord Q: arrow from knot at 120.0°,
labelled TQ

o Load arrow from knot at 240.0°, labe
80.0N

o Angle between P and Q: 90.0°
o Axes: +x right, +y up
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T04-15 - FORCE EQUILIBRIUM - SOLUTION FIGURE

READ THE FIGURE

« Wire angle: 35.0° above horizontal

Bead on inclined wire

» Bead mass: 0.200 kg

» Weight arrow downward: mg=1.96

» String tension arrow horizontal right:
T

« Normal reaction arrow perpendicular to
wire: N

« Positive along-wire direction arrow
up-right
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T04-18 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Asymmetric sling load READ THE FIGURE

o Load arrow downward: 100 N

o Left sling arrow up-left: TL, angle 30.0°
from vertical

« Right sling arrow up-right: TR, angle
60.0° from vertical

» Horizontal components labelled:
TLsin30° left, TRsin60° right

« Vertical components labelled: TLcog30°
TRcos60°
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T04-17 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Forces and balancing force READ THE FIGURE

o Arrow F1: magnitude 10.0 N
o Arrow F2: magnitude 15.0 N
o Included angle between F1 and F2] 6

o Dashed resultant R= F1+ F2: magnitude
20.0N

o Arrow F3: magnitude 20.0 N, opposite R
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T04-19 - FORCE EQUILIBRIUM - SOLUTION FIGURE

READ THE FIGURE

Ring with spring balance

o Spring A arrow: 15.0 N at 25.0° from +x

« Spring B arrow: 20.0 N at 115.0° from
+X

» Angle between spring A and B: 90.0°

« Third force arrow: F3 down-left at
258.1°, magnitude 25.0 N

o Axes: +x right, +y up
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T04-50 - FORCE EQUILIBRIUM - SOLUTION FIGURE

READ THE FIGURE

« Rightward arrow labelled 8.00 N
« Upward arrow labelled 6.00 N

Nonzero resultant

applied forces
« Downward arrow labelled 10.0 N

« Resultant arrow down-right labelled
Fnet=(8.00i-4.00 ) N
« Mass label m = 0.500 kg

» Acceleration arrow parallel to resulta
labelled a
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T04-10 - CONCURRENT FORCES - ANNOTATED SOLUTION FIGURE

ZERO NET FORCE ON PLATE

C (0,0.300)

MOMENT ABOUT A
2F =0 - force balance
T2 = +4.00 N-m
T3 = +3.00 N-m

T1=0atA

Tabout A=+4+7.00N-m O
rotational balance fails
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T04-12 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Balancing third force READ THE FIGURE

« Rightward arrow: 18.0 N along +x
o Downward arrow: 24.0 N along -y

« Unknown arrow: F3 up-left, components
-18.0 Nand +24.0 N

o Angle label from +x to F3: 126.9°
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T04-11 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Three-cord ring equilibrium READ THE FIGURE

o Downward arrow: W=120 N along -

o Up-left arrow: TL, making 30° above the
negative horizontal direction

» Up-right arrow: TR, making 50° abgve
the positive horizontal direction

» Coordinate axes: +x right, +y up
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T04-03 - CONCURRENT FORCES - ANNOTATED SOLUTION FIGURI

SIGNBOARD - lines of action WHERE MUST THEY MEET?

strut line -y = 1

P

cable line

M (2,1)

hinge line - x =0

light board - no weight

All three lines of action pass through P for this light board.
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T04-47 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Use horizontal component

READ THE FIGURE

o Up-left rope arrow labelled T = 140|N

« Editable component arrow left labelled
100N

« Editable component arrow up labelled
98.0N

» Downward arrow labelled 98.0 N

» Rightward arrow labelled H = ?
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T04-02 - CONCURRENT FORCES - ANNOTATED SOLUTION FIGURI

FORCE TRIANGLE ENDPOINTS - excluded

three non-collinear sides X <20N

5+ 2 =7 - straight

X=12.0N

5+ 7 =12 - straight

20N<X<120N

The strict triangle inequality excludes both straight-line endpoints.
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T04-46 - FORCE EQUILIBRIUM - SOLUTION FIGURE

READ THE FIGURE

o At knot A: downward arrow 30.0 N
o At knot A: up-left arrow T at 60.0°

Knot A exposes H

above horizontal

o At knot A: rightward arrow H

« Horizontal cord from A to B labelleg
internal if whole assembly is chose

« Inset boundary around knot A labelled
subsystem for finding H
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T04-05 - CONCURRENT FORCES - ANNOTATED SOLUTION FIGURI

BOB INSIDE MOVING TROLLEY FREEBODY -a=0

T1 T,
\/

m = 0.500 kg

W=490N|
v=15.0m/s — speed # acceleration

Constant velocity gives zero acceleration and ordinary force balance.
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T04-49 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Equal forces need not balance READ THE FIGURE

o Arrow at 0° labelled 10.0 N

o Arrow at 90° labelled 10.0 N

» Arrow at 180° labelled 10.0 N

» Resultant arrow upward labelled 10.
o Angle labels from +x axis: 0°, 9
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T04-04 - CONCURRENT FORCES - ANNOTATED SOLUTION FIGURE

RING ON A SMOOTH GUIDE THREE FORCES ON RING

T=60.0N

R=52.0N<—/

~u’

W =30.0N
T sin30° =W
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T04-48 - FORCE EQUILIBRIUM - SOLUTION FIGURE

Three-force components READ THE FIGURE

« Downward arrow labelled 50.0 N

« Up-left arrow labelled TA at 30.0° apove
horizontal

o Up-right arrow labelled TB at 60.0°
above horizontal

» Coordinate axes +x right and +y up

« Component labels: TA cos30 left, T|A

sin30 up, TB cos60 right, TB sin60 up
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T04-07 - CONCURRENT FORCES - ANNOTATED SOLUTION FIGURI

DRAW VECTORS HEAD TO TAIL CLOSE THE TRIANGLE
+y

A+B=(3.0,4.0)N
C=-(A+B)
B=+4.0]N C=(-3.0,-4.0)N

IC|=5.0N

AN head returns to tail
| A=+3.01TN

The closing vector goes from the final head back to the start.
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T04-06 - CONCURRENT FORCES - ANNOTATED SOLUTION FIGURE

SYMMETRIC ROPE KINK

oo \
\
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