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Class Organization

• HW5 due Friday.

• Lab 3 – Muscle Lab

– Friday (11/14)

– MEB 127

– 1:30, 2:30, 3:30 sign-up  

• No class on Wed 11/19
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Muscle Cells to Tissues



Muscle Overview



Sarcomeres to Muscle



Actomyosin Contraction

Courtesy of San Diego State University

actin_myosin.mov
actin_myosin.mov


Cross-Section



Muscle Types
Pennate vs Fusiform Muscle

- Bipennate force larger than parallel 

fusiform

Example: Quadriceps

- Large set of four muscles on anterior 

surface of thigh

- Tendons join together (anastomose) to 

connect to patella (kneecap)

http://upload.wikimedia.org/wikipedia/commons/0/05/Illu_lower_extremity_muscles.jpg
http://upload.wikimedia.org/wikipedia/commons/0/05/Illu_lower_extremity_muscles.jpg


Motor Units



Neuromuscular Junction



Neuromuscular Junction



Twitch

Time (s)

Muscle Force

Membrane Potential

-90 mV

30 mV

0      1

Latency Period

15 ms



Ex Vivo Frog Muscle



Force vs. Velocity

Hill’s Eqn:

(P+a)(V+b) = (P0+a)b

P… tension

P0 … isometric tension

V… velocity

a, b… constants



Force vs. Velocity

Hill’s Eqn:

(T+a)(v+b) = (T0+a)b

T… tension

T0 … isometric tension

v… velocity

vmax …velocity against no 

load

vmax = b*T0/a

Power = T*v



Force vs. Length - Micro

0.99 1.67 0.99 μm 



Muscle Lab

http://bp0.blogger.com/_uADawkPnMPQ/RiRyI4f3e1I/AAAAAAAAAAU/kPhwjvTTFbs/s1600-h/topic_img25.jpg
http://bp0.blogger.com/_uADawkPnMPQ/RiRyI4f3e1I/AAAAAAAAAAU/kPhwjvTTFbs/s1600-h/topic_img25.jpg
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Flexion of Elbow Joint

1. Biceps

2. Brachialis

3. Brachioradialis

4. Extensor Carpi 

Radialis Longus 

(wrist)



A (cm2)

Simplifications:

1. PCSA = Amuscle = Vmuscle / Lmuscle

2. Muscle force areal density:

w = 20 N/cm2 [McMahon, 1984] 



Isometric Part



Free Body Diagram

Upper Arm

Bicep/Brachialis Lb
L

P

BF

Benchtop
Benchtop

θ

P load cell

L elbow-to-grip length

BF bicep force

Lb elbow-to-attachment length

θ angle of handle



Free Body Diagram

Upper Arm

Bicep/Brachialis

P

BF

Benchtop
Benchtop

90º + θ

Use trigonometry to find the arm angle and other 

important angles

θ
90º - θ

θ



Free Body Diagram

Upper Arm

Bicep/Brachialis Lb
L

P

BF

Benchtop
Benchtop

Use sum of the moments to find BF:

M =  ( L  P )  +  ( Lb  BF )

where, 

 = cross product

θ

θ



Free Body Diagram

Lb
L

P

BF sin(θ)

Benchtop

BF cos(θ)
Joint 

compressive 

force

Rotary

force
θ

M =  ( L  P )  +  ( Lb  BF )



Isotonic Part



Isotonic Part

Good Lift

• Good posture

• Steady lift

• Ideal weight

Bad Lift

• Leaning posture

• Rocking shoulder

• Too much weight



Velocity
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V = ∆L / ∆t 

∆L = L_extend – L_curled

L_extend ≈ Lu + Lb

L_curled ≈  Lu – Lb cos(θ)

θ... arm angle 

∆t … from camera



• Available for iPhones and iPads

• Suggestions for a free frame-by-

frame video player for Android?

– QuikCoach



Questions?


