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Levers In Kitchen Utensils:




Levers in Kitchen Utensils:

Typical mechanical advantage:
Maximum hand grip force: ~10-2001b

Maximum utensil force: ~50-10001b



A car with weight W has a
distance of 3 m between its Y .
front and rear wheels. Its 7 <
center of gravity is 1.2 m Axi> A 3”1

behind the front wheels. z)f/"’”"“ﬁ” 1.2 m
W/‘% 'FYW //;? "W = 2,
CY:O) ' =i

What is the total force exerted

on the two front wheels by the A 0.4 W
ground? _
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A gate of uniform mass distribution and weight W is
supported by two hinges as shown. The y component of
the hinge force is the same for both hinges.
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In what direction is the force exerted on the gate by the
LotHon b top hinge?
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A gate of uniform mass distribution and weight W is
supported by two hinges as shown. The y component of
the hinge force is the same for both hinges. th =7

(, N\t What is the horizontal
| y force exerted on the
Com | - [ gate by the top hinge?
ﬂrfr”if\{w ; " A. W/2
. B. W
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D By izcwso | 25W
' E. None of the above
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Forces in lifting at 10 kg briefcase:
What is the force from the muscle?

muscle

scapula

Axiy A—

‘ 35N | 0.32m
Wbriefcasé‘ = -
=100 N 0.65m
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Forces when lifting a 90 kg weight:
Simplified model for forces on spine:
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Torgues exerted by muscles In your
lower back depend on how you lift:







How to throw a ball at 50 m/s
using molecules that move at 10 m/s:

1. Start with basic unit: sarcomeres made of
opposed actin filaments and myosin "motors" that
pull fllaments together.

L~2.5 um, shortens by AL/L ~40% in ~0.1 s

Sarcomere
|- - |

Thin Thick
Z line filaments H zone filaments Z line




How to throw a ball at 50 m/s
using molecules that move at 10 m/s:

2. Connect sarcomeres Iin parallel to get big force
F (up to 10,000 N!)

Connect sarcomeres in series to get big L, AL
(upto0.1m) =v
\t

nay (Muscle) <1 m/s




How to throw a ball at 50 m/s
using molecules that move at 10 m/s:

3. Use tendons (with d._ 4., << d.,,cce) 10 CONNECt
muscles close to pivot points of long bones.

Mechanical disadvange then produces large
limb displacements for given muscle AL.

(limb) ~ 5-10 m/s
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4.

How to throw a ball at 50 m/s
using molecules that move at 10> m/s:

Use several mechanical "stages" that can
rotate or move relative to each other. (E.g.,
legs, hips, torso, arms, wrists, fingers).

Execute relative motion of each stage so that
relative velocities of each stage add. "Whip-
like" motion taking advange of elastic energy
storage and release by tendons and ligaments
maximizes impulse delivered to the ball.



Speed of body parts relative to

’ / ground during a shot-put:
Wrist
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Speed |
1 (mls) |
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Time before release (s)




