THE NERVE IMPULSE - EXPERIMENTAL EVIDENCE

In practical work on nerves, the muscle from the hind leg of a frog with the sciatic nerve attached, is usually used. Stimulation of the nerve is usually by an electric current. The response to the stimulus is seen in the twitch of the muscle.

Q. Which of the following observations (1 to 4) supports the conclusions given (A to D)?

1
It is possible to move a part of the body, for example a toe, without the contraction of any other muscles, for example in the leg, and the sensations from the toe are not confused with those from the leg.

2
Unless the stimulus of a nerve reaches or passes a certain strength, the muscle does not contract at all.

3
The current stimulates a contraction in the muscle only when it starts or stops, not when it flows continuously.

4
A stimulus applied to the nerve at a point near to the muscle causes a twitch sooner than one applied at a point some distance from the muscle. The twitch is further delayed if the nerve is cold. In man conduction slows by a factor of 1.7 for a drop of 10oC.

A
A sudden change in stimulus is more effective than a slow alteration or a continuous flow.

B
There is insulation between nerve fibres, preventing the passage of a stimulus from one fibre across to another.

C
Conduction along a nerve takes a little time (50 metres per second in the fastest fibres in human limbs, 25 metres per second in a frog).

D
The nerve has a threshold, and it does not conduct unless the threshold is reached or exceeded.

Q. Does the nerve impulse get the energy it needs for propagation along the fibre from a starting stimulus (like a bullet from a gun) or locally as it goes along?

Consider this evidence before you answer.

In a long nerve the stimulus does not decrease or get slower as it passes along. To get the same muscle contraction a stimulus applied to the end of a nerve need not be larger than one applied nearer to the muscle. The impulse does not go faster if a large stimulus is given. Cooling of a small section of the nerve causes the impulse to go more slowly along that section, but when it passes through and gets to the nerve at the normal temperature, it goes at its original rate.

Q. If the nerve impulse is said to be an all-or-nothing system, explain the following observation:

The contraction of large muscles increases smoothly if increasingly strong stimuli to the nerves are applied.

