Forces, motion and movement
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Forces, motion and movement

Can follow-through keep changing a ball after racket separation?

Choose the body, direction and interval

B2 connects Newton's laws, stability, coordinated movement, projectile paths and
movement phases.

All numerical examples and diagrams are invented. Movement after separation cannot
supply continued racket—ball contact force.



Forces, motion and movement

A complete lap has distance without net displacement

Invented lap. 400 m in 80 s gives average speed 5 metres per second. Average
velocity is zero because displacement is zero.

Practice. 300 m in 60 s again gives speed 5 and average velocity zero.

Boundary. Neither path average gives the highest instantaneous speed. Velocity
includes direction; acceleration includes direction changes.



Forces, motion and movement

A negative acceleration can accompany increasing speed

Positive movement. +1 — +7 metres per second over 3 s: acceleration (7 —
1)/3 = +2 metres per second squared.

Negative movement. —1 — —7 over 3s: (—7 — (—1))/3 = —2. Speed
increases in the negative direction.

Angular movement. 1.2 radians in 0.30 s gives average angular velocity 4
radians per second; endpoint speed also depends on radius.



Forces, motion and movement

Count frame intervals rather than displayed images

Teaching record. Frames 10 — 25 contain 15 intervals. At 50 frames per
second: 0.30 s. Displacement 0.60 m gives 2.0 metres per second.

Practice. Frames 12 — 20 at 40 frames per second: 8/40 = 0.20 s.
Displacement +0.50 m gives +2.5 metres per second.

Measurement. Calibrate in the movement plane, know frame rate and use
consistent landmarks. Perspective and uncertain event frames affect the result.



Forces, motion and movement

Keep resultant force distinct from individual interactions

Law Apply it to a specified body

First Zero resultant means constant velocity, even
when several forces balance

Second For constant mass, net force = mass X
acceleration

Third Equal opposite interaction forces act on

different bodies
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Forces, motion and movement

Find the net force, then include resistance

Teaching model. 60 kg x 2 metres per second squared = 120 N forward net.
With 20 N resistance, driving force is 140 N.

Practice. 50 kg x 1.5 = 75 N net. With 15 N resistance, driving force is 90 N.

Boundary. Whole-body acceleration does not identify one muscle force. Weight
is mg: 80 kg at g = 9.81 has weight 784.8 N.



Forces, motion and movement

Third-law partners do not cancel on an athlete’s force diagram

Identify which body each force acts on

Foot pushes ground backwards; ground pushes foot forwards. The pair acts on
different bodies.

Weight and support can balance on a stationary athlete, but are not each other’s
third-law partners.

Support need not equal weight during vertical acceleration. Draw the forces acting on
the chosen body.



Forces, motion and movement

Signed area measures impulse; peak height does not

Both areas = 150 N s; peak force is not average force
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Equal areas can arise from different durations and peaks.



Forces, motion and movement

Do not label a triangular peak as average force

Two teaching curves. Half x 0.30 s x 1,000 N = 150 N s; half x 0.60 x 500 =
150 N s.

Averages. 150/0.30 = 500 N; 150/0.60 = 250 N. Each triangular peak is twice
its average.

Practice. 0.40 s with peak 600 N gives impulse 120 N s and average 300 N. At
0.80 s, the same triangular impulse needs peak 300 N and average 150 N.



Forces, motion and movement

A rebound needs signed velocities, not a difference of speeds

Same direction. 0.058 kg ball: +30 — +20 metres per second. Momentum
change —0.58; over 0.005 s average net force —116 N.

Reverse direction. +30 — —20: change = 0.058(—20 — 30) = —2.90; average
net force —580 N.

Practice. 0.050 kg: +24 — —16 over 0.008 s. Change —2.0 kg metres per
second; average resultant —250 N.



Forces, motion and movement

Ground reaction must also overcome weight during upward acceleration

Teaching take-off. 80 kg gains upward momentum 240 over 0.20 s: net upward
average 1,200 N; ground reaction 1,200 + 784.8 = 1,984.8 N.

Practice. 60 kg gains upward momentum 120 over 0.25 s: net 480 N; weight
588.6 N; ground reaction 1,068.6 N.

Boundary. Assume only weight and support vertically. A follow-through after
separation cannot add racket contact impulse to the released ball.



Forces, motion and movement

Compare the margin in the direction of the disturbance

Same base; a lower mass position gives a larger tilt margin

Higher centre of mass Lower centre of mass
. Edge
* tomass . Edge
tO mass
0.20 m 0.20 m

Gold point = centre of mass; blue line = support base
(schematic)

A lower centre of mass can increase the geometric toppling margin.



Forces, motion and movement

Static toppling is a useful model, not a complete model of running

Relate the line of gravity to the supporting contacts

Wider base and lower centre of mass can improve the margin; the disturbance direction
matters.

Weight can produce a toppling moment after its line passes an edge. A step or other
action can change the base.

Mass affects inertia and weight moments, but geometry, friction and task also matter.
Dynamic balance includes changing contacts.



Forces, motion and movement

A throwing sequence is more than adding isolated muscle forces

Identify timing, segment interactions and turning effects

Legs, trunk, shoulder, elbow and wrist can contribute in a coordinated sequence. Task
and timing affect endpoint motion.

Torque is force x perpendicular lever arm. An off-centre force can change angular and
linear motion.

A force through the centre of mass has no moment about that centre; a larger isolated
muscle force does not guarantee a better throw.



Forces, motion and movement

Reducing moment of inertia can raise angular velocity

Teaching airborne model. | = 0.80 kg square metres and angular velocity 4
radians per second: angular momentum 3.2. At | = 0.40, angular velocity is 8.

Practice. | = 0.60 and angular velocity 5 gives angular momentum 3.0; at | =
0.30, angular velocity is 10.

Condition. Net external torque about the axis is negligible. Gravity through the
centre of mass can still act; taking off or landing can add external torque.



Forces, motion and movement

At the apex, horizontal velocity and gravity remain

No drag; equal release and landing height; flight time 1.20 s
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Zero vertical velocity at the apex does not mean zero acceleration.



Forces, motion and movement

State release height and the no-drag assumption

Teaching model. Horizontal component 4, vertical component 6 metres per
second; downward acceleration 10. Equal-height flight time is 1.20 s; range 4.8 m.

Practice. Supplied horizontal speed 5 and flight time 0.80 s give range 4.0 m.

Boundary. Release direction, speed and relative target height affect the path. A
45-degree release is not universally optimal; light broad objects can be strongly
affected by drag.



Forces, motion and movement

Define the event that separates movement phases

Phase

Operational description

Preparation

Force production
Critical instant

Follow-through /
recovery

Positions body and implement for the task

Develops movement leading towards the critical
event

Named event such as last contact/release; not
the entire force-production phase

Subsequent control for a discrete action /
preparation for the next continuous cycle

eeeeeeeeeeeeeeee



Forces, motion and movement

Use movement analysis to evaluate a defined adjustment

Matched recordings help compare like with like

Keep camera geometry, task, landmarks and phase definitions consistent. A timing
difference needs context such as stroke rate.

Moving an invented target closer can reduce required reach; test the adjustment with
intended users.

Video can support accessibility or rehabilitation assessment, but one view does not
diagnose an injury. Class work can use supplied low-risk records.



Forces, motion and movement

Attempt the handout questions with a defined system and sign convention

Show quantities and interpret the result

Use motion measurements, Newton's laws, force-time area, signed momentum change,
ground reaction and angular momentum.

Explain stability, projectile assumptions and operational movement phases.



Forces, motion and movement

Check the shared calculations before interpreting performance

Motion and force. Lap: speed 5, average velocity zero. Acceleration +2 and —2.
Video: 0.20 s, +2.5 metres per second. Net 75 N; driving 90 N.

Impulse. Triangular impulse 120 N s; average 300 N. Rebound change —2.0 and
average resultant —250 N. Ground reaction 1,068.6 N.

Angular and projectile models. Angular momentum 3.0; final angular velocity
10. Range 4.0 m. Each numerical result depends on its stated model.



Forces, motion and movement

Check yourself

Separate signs, force boundaries and model assumptions

Count frame intervals. Average and peak force differ. Net force is not ground reaction;
third-law partners act on different bodies.

Conserved angular momentum requires negligible external torque. Gravity remains at a
projectile’'s apex, and follow-through cannot keep pushing after separation.
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