Electrophysiology Test Fall 2021  Dr. Clark                          Student Name
The first 45 questions are worth 2 points each; total of 90. The short answer is worth 20 points.

1. All living cells have a charge on their membranes, termed the ------------------, but ------------- and ---------------- cells can move a charge along their membranes, termed -------------------.  This movement of charge is termed -----------------.
A. RMP; liver; kidney; inhibitory potential; elasticity
B. RMP; muscle; nerve; action potential; conductivity
C. Excitatory potential; liver; testes; action potential; conductivity
D. RMP; muscle; kidney; action; conductivity
E. None of the above

2. When measuring charge entities, the measurement of the force of charge movement is in terms of --------------- and flow is measured in -------------------.  Resistance is measured in -----------------.
A. Volts; amperes; ohms
B. Ohms; volts; amperes
C. Amperes; volts; ohms
D. Volts; watts; ohms
E. None of the above

3. Electrical charge is due to the flow of ------------------, but the charge involved with cell membranes is due to charge possessed by ----------------.
A. Neutrons; ions (electrolytes)
B. Protons; electrons
C. Electrons; protons
D. Electrons; ions (electrolytes)
E. None of the above

4. The cell membrane acts as a resistor preventing easy flow of ----------- between the inside of the cell and outside.  The prevention of easy flow is that -------------- are water soluble and thus cannot easily pass through the ------------- in the cell membrane. 
A. Protons; protons; carbohydrate
B. Neutrons; protons; protein
C. Ions; ions; lipid
D. Ions; ions; carbohydrate
E. None of the above

5. The separation is charge creates a ------------------ in charge across the cell membrane.
A. Equal charge
B. Potential difference
C. Electron pool
D. Neutron pool
E. None of the above 

6. The ----------------- is measured in --------------------- using electrodes.  The ---------------- electrode is the measuring electrode and ------------------- electrode in used as a ground wire electrode. 
A. Equal charge; ohms; extracellular; intracellular
B. Equal charge; amperes; extracellular; intracellular
C. Potential difference; millivolts; extracellular; intracellular
D. Potential difference; millivolts; intracellular; extracellular
E. None of the above

7. The inside of a cell close to the cell membrane has a ------------------- and the outside of the cell close to the membrane has a ---------------------. Because of this difference in charge on both sides of the cell membrane, the membrane is said to be ----------------------. 
A. Net positive charge; net negative charge; depolarized
B. Net positive charge; net negative charge; polarized
C. Net negative charge; net positive charge; polarized
D. Net negative charge; net positive charge; depolarized
E. None of the above

8. The muscle ---------------- is generally --------------.  The neuron ---------------- is generally ------------. 
A. RMP; -90 mv; RMP; - 70mv
B. RMP; -70mv; -90mv
C. RMP; -70 mv; -70mv
D. RMP; -90mv; -90mv
E. None of the above

9. The ions -------------------- and ------------------------ have greater concentrations outside a cell.  The --------------- and the --------------- have higher concentrations inside a cell.
A. Potassium; chloride; sodium; large molecular ions
B. Sodium; chloride; large molecular anions; potassium
C. Large molecular anions; chloride; sodium; potassium
D. Chloride; large molecular anions; sodium; potassium
E. None of the above

10. Though the inside of the cell has a ---------------- in contrast to the ----------------- on the outside of the cell, when all the charges on the outside are added up and all the charges on the inside are added up – the charges come to --------------.  This concept is termed ------------------------.
A. Net positive charge; net negative charge; net value of 20; bulk electroneutrality
B. Net negative charge; net positive charge; net value 10; bulk electroneutrality
C. Net negative charge; net positive charge; net value zero; bulk electroneutrality
D. Net negative charge; net positive charge; net value - 10; bulk electroneutrality
E. None of the above

11. [bookmark: _Hlk52795672]Though there is ----------------, the reason the inside of the cell close to the membrane is more --------- and the outside is more -----------, is due to the --------------------. 
A. Bulk electroneutrality; positive; negative; ion dragging effect
B. Bulk electroneutrality; negative; positive; ion pushing effect
C. Bulk electroneutrality; negative; positive; ion dragging effect
D. Bulk electroneutrality; negative; positive; ion pushing effect
E. None of the above

12. The order of the ease of ion permeability through a cell membrane begins with ----------------, which has the easiest permeability. But both ----------- and ------------- are almost close in permeability. ------------- has much less permeability and ---------------- should not be permeable at all. 
A. Sodium; chloride; sodium; potassium; large molecular anions
B. Chloride; sodium; potassium; potassium; large molecular anions
C. Chloride; chloride; potassium; sodium; large molecular anions
D. Large molecular anions; chloride; potassium; potassium; sodium
E. None of the above

13. In order for charge to move along the membranes of ------ and --------------- cell membranes, an ---------- must be formed. 
A. kidney; liver; RMP
B. kidney; liver; action potential
C. liver; thymus; action potential
D. muscle; nerve; action potential
E. None of the above

14. An ------------------- has several phases.  In order to start an ------------------, a certain voltage, termed ------------------ must be reached. 
A. Action potential; action potential; subthreshold voltage
B. RMP; RMP; subthreshold
C. Action potential; RMP; threshold
D. Action potential; action potential; threshold voltage
E. None of the above

15. [bookmark: _Hlk52787206]--------------------- are --------------------.  
A. RMP; all-or-none
B. RMP; graded
C. Action Potentials; all-or-none
D. Action Potentials; graded
E. None of the above

16. [bookmark: _Hlk52787221]The --------------- aspect means that if ------------------ is not reached, then no ---------------- will occur, but if it is reached the localized area of the cell membrane will  -------------- to its fullest extent.
A. Graded potential; threshold voltage; graded potential; depolarize
B. All-or-none; threshold voltage; action potential; depolarize  
C. All-or-none; subthreshold; action potential; depolarize
D. Graded potential; threshold voltage; action potential; depolarize
E. None of the above

17. [bookmark: _Hlk52787235]A voltage in excess of  ----------- will not cause the -------------- to ------------- to a greater voltage extent.
A. Threshold; action potential; depolarize
B. Threshold; RMP; depolarize
C. RMP; action potential; repolarize
D. RMP; graded potential; repolarize
E. None of the above

18. When --------------------- is reached, voltage dependent --------------------- ion gates open and cause the membrane to become -----------------------. 
A. RMP; potassium; repolarized
B. Threshold voltage; sodium; depolarized
C. RMP; sodium; repolarized
D. Threshold voltage; potassium; depolarized
E. None of the above

19. There are two voltage dependent ------------gates in neurons; one is termed the --------------- and the other is termed the -------------------.
A. Potassium; open gate; closed gate
B. Chloride; open gate; closed gate
C. Sodium; open gate; closed gate
D. Sodium; inactivation; activation
E. None of the above

20. During the ------------------- potential the ----------------- gate is ----------------------- and the -------------------- gate is --------.
A. Action; chloride activation; closed; chloride inactivation; open
B. RMP; sodium activation; closed; sodium inactivation; open
C. Action potential; sodium activation; closed; sodium inactivation; open
D. RMP; sodium inactivation; closed; sodium activation; open
E. None of the above

21. At the time of reaching -----------------, the ---------------- ion gate pops open and the --------------- ion gate begins to close.  The -------------- ion gate is fast and the ------------------ ion gate is slow, so for a while --------------- ion gates are open.
A. Threshold voltage; potassium activation ; inactivation; activation sodium; inactivation; both
B. Threshold voltage; potassium; activation; inactivation potassium; inactivation; both
C. Threshold voltage; activation sodium; sodium inactivation; activation; inactivation; both
D. Threshold voltage; inactivation sodium; sodium activation; inactivation; activation; both
E. Subthreshold voltage; inactivation sodium; sodium activation; inactivation; activation; both

22. When ---------- ion gates are open ------ rush ------------------ the cell, giving ------------------.
A. Both; potassium ions; into; depolarization
B. Both; chloride ions; into; depolarization
C. Both; large molecular anions; out of; repolarization
D. Both; sodium ions; into; depolarization
E. None of the above

23. --------------------- also is the voltage to cause -------------------- ion gates to open, but these gates are very slow.  Thus, by the time the ----------------- ion gates open, it is the same time that the -------------- close.
A. Threshold voltage; potassium; potassium; sodium inactivation gates
B. Threshold voltage; sodium; sodium; potassium inactivation gates
C. Subthreshold voltage; sodium; sodium; potassium inactivation gates
D. Subthreshold voltage; potassium; sodium; potassium inactivation gates
E. None of above

24. When the peak voltage has been reached during an action potential, the ------------------- concentration ------------- reached equilibrium.  Thus, the height of the voltage peak is due to--- .
A. Sodium ion; has; opening of the sodium inactivation gate
B. potassium ion; has; opening of the sodium inactivation gate
C. chloride ion; has not; opening of the sodium inactivation gate
D. Sodium ion; has not; closing of the sodium inactivation gate
E. None of the above

25. The movement of ------------------ions cause --------------------.  That is because the ----------------- move ---------- the cell. 
A. Sodium ions; repolarization; sodium ions; out of
B. Potassium; repolarization; potassium ions; into
C. Potassium; repolarization; potassium ions; out of 
D. Chloride; repolarization; chloride ions; out of
E. None of the above
26. The ---------------- gates are slow to open and are also slow to close, creating an overshoot potential termed ------------------.
A. Potassium ion; repolarization
B. Sodium ions; repolarization
C. Potassium; hyperpolarization
D. Chloride; hyperpolarization
E. Chloride; repolarization

27. After an action potential, the cell membrane should restore its -----------. Two factors are responsible for this restoration, they are the - -------------- and ----------------. 
A. Action potential; large molecular ions; sodium/potassium pump
B. RMP; large molecular ions; sodium/potassium pump
C. Action potential; chloride; sodium
D. RMP; sodium ions; chloride ions
E. RMP; sodium ions; sodium/chloride pump

28. The ----------------- pushes ------------- ions ------------the cell in exchange for ----------------ions ---------the cell.  Since this is -----------------, the energy is provided by ------------------. 
A. Sodium/potassium pump; 6 sodium; out of; 4 potassium; into; passive transport; ATP
B. Sodium/potassium pump; 3 sodium; out of; 2 potassium; into; active transport; ATP
C. Sodium/potassium pump; 3 sodium; out of; 2 potassium; into; passive transport; ATP
D. Sodium/potassium pump; 3 sodium; out of; 2 potassium; into; active transport; GTP
E. None of the above

29. Each ------------------- occurs in a small region along the cell membrane.  The basis of ------------ is that the voltage created by an action potential in one region of the cell membrane will cause the subsequent adjacent reason to reach -----------------. This then will propagate the impulse along the cell membrane. 
A. Action potential; conductivity; threshold voltage
B. RMP; conductivity; threshold voltage
C. Action potential; conductivity; subthreshold voltage
D. RMP; refractory; super-threshold voltage
E. None of the above

30. There are two ------------------ periods within an action potential.  The ---------------------- is when the same area on a cell membrane must rest after firing an action potential.
A. Refractory periods; relative refractory period
B. Refractory periods; absolute refractory period
C. Depolarizations; relative refractory period
D. Depolarizations; absolute refractory period
E. None of the above
31. During the ------------------- period, the same area of the membrane cannot fire another action potential.  The ----------- period is when the same area of the membrane can fire another action potential, but a ------------- than usual ----------------voltage must be reached. 
A. Absolute refractory; relative refractory period; lower; threshold 
B. Absolute refractory; relative refractory; higher; threshold
C. Relative refractory; absolute refractory; higher; threshold
D. Relative refractory; absolute refractory; lower; subthreshold
E. None of the above

32. [bookmark: _Hlk52786201]Two major differences between neuron action potentials and skeletal muscle action potentials are that there are not ----------  voltage dependent - ----------------- gates in muscle cells.  Also the action potential duration in muscle is  ------------.   This equates to --- --------- conductivity along the muscle membrane compared to the neuron membrane.   
A. Two; Sodium; longer; slower
B. Two; sodium; longer; faster
C. Three; potassium; longer; slower
D. Three; potassium; longer; faster
E. None of the above

33. [bookmark: _Hlk52789821]The junction where a neuron meets another neuron, or a muscle, or a gland is termed a ----------. 
A. Joint
B. Synapse
C. Articulation
D. Interconnection
E. None of the above

34. A ------------------- is a generic term for anything that can bind to a receptor.
A. Anchoring fibril
B. Desmosome
C. Cohesion protein
D. Ligand
E. enzyme 

35. [bookmark: _Hlk52786503]-------------- gated channels can be activated by ----------------, -------------------- and other chemicals.
A. Ligand; hormones; neurotransmitters substances
B. Cohesion proteins; hormones; neurotransmitter substances
C. Ligand; osteonectin; chondronectin
D. Ligand; exocrine gland secretions; hormones
E. None of the above


36. The release of ------------------- chemical from the presynaptic membrane, creates in the postsynaptic membrane a ------------------- potential, which is not an ----------------- potential.
A. Hormones; action potential; graded 
B. Neurotransmitter; graded; action 
C. Neurotransmitter; action; graded 
D. Exocrine gland; action; graded
E. None of the above

37. [bookmark: _Hlk52788161]A ------------------- potential increases in voltage, based on the amount of chemical activating the -postsynaptic membrane ------.  
A. Action potential; receptors
B. Graded potential; receptors
C. Action potential; enzymes
D. Graded potential; enzymes
E. None of the above

38. [bookmark: _Hlk52788286]If the -------------- potential voltage is enough to cause adjacent --------------- channels in the membrane to reach -------------, a ------------------ will be initiated.  
A. Graded; voltage gated sodium ion; RMP; a graded potential
B. Graded; voltage gated potassium ion; RMP; action potential
C. Graded; voltage gated sodium ion; threshold; action potential
D. Action; graded; threshold; graded potential
E. None of the above

39. In skeletal muscle cells, the ----------------- potentials are called ------------------ potentials.
A. Action; motor end plate
B. Graded; excitatory post synaptic
C. Graded; inhibitory post synaptic
D. Graded; motor end plate
E. None of the above

40. In neurons, the ---------------- potentials can be either ----------------------- potentials or ----------------potentials.  They are abbreviated ------------------- and ----------------. 
A. Action; excitatory postsynaptic; inhibitory postsynaptic; EPSP; IPSP
B. Graded; excitatory postsynaptic; inhibitory postsynaptic; EPSP; IPSP
C. Graded; motor end plate; inhibitory postsynaptic; MEPP; IPSP
D. Action; motor end plate; inhibitory postsynaptic; MEPP; IPSP
E. None of the above

[bookmark: _Hlk52789415] 
41. At the neuromuscular junction in skeletal muscle, the space where the receptors for the neurotransmitter substance are located on the muscle cell is termed the --------------------. The neurotransmitter for skeletal muscle is -----------------------. 
A.  Motor end plate; epinephrine
B. Motor end plate; norepinephrine
C. T-tubule; acetylcholine
D. Motor end plate; acetylcholine
E. None of the above

42. The enzyme that degrades ------------------ is --------------------.
A. Norepinephrine; acetylcholinesterase
B. Serotonin; acetylcholinesterase
C. Tyrosine; catechol-o-methyl transferase
D. Acetylcholine; acetylcholinesterase
E. None of the above

43. Once ------------- voltage is reached in skeletal muscle, -------------- potentials will travel in all directions around the muscle cell.  The action potentials will meet (run into each other) at some point on the muscle cell.  The action potentials cannot cross over one another, because a region on the muscle cell just depolarized cannot quickly form another action potential due to the --------------. 
A. Threshold; action; excitation period
B. Threshold; resting membrane; excitation period
C. RMP; resting membrane; refractory period
D. Threshold; action; refractory period
E. None of the above

44. [bookmark: _Hlk52790233]When a neuron synapses on another neuron, the neurotransmitter substance secreted from the presynaptic neuron could make the postsynaptic neuron move further from threshold, this means the neurotransmitter substance created an --------------------.  The chemical gates were opened to ------------ or ----------------- or both.
A. Excitatory postsynaptic potential; chloride; potassium
B. Excitatory postsynaptic potential; sodium; potassium 
C. Inhibitory postsynaptic potential; large molecular anions; potassium
D. Inhibitory postsynaptic potential; chloride; potassium
E. Inhibitory postsynaptic potential; sodium; potassium

  


45. When a neuron synapses on another neuron, the neurotransmitter substance secreted from the presynaptic neuron could make the postsynaptic neuron move closer to threshold, this means the neurotransmitter substance created an --------------------.  The chemical gates were opened to -------------------.  When a neuron is brought closer to threshold, but not at threshold, it is termed -- ------------.
A. Excitatory postsynaptic potential; sodium; facilitation
B. Excitatory postsynaptic potential; potassium; facilitation 
C. Inhibitory postsynaptic potential; large molecular anions; facilitation
D. Inhibitory postsynaptic potential; chloride; facilitation
E. None of the above

Question 46 is short answer.  It is worth 20 points.   You must use the internet to lookup answers.
46. A What are the two types of receptors for acetylcholine? 
46 B What is norepinephrine? What is its degradation enzyme?  What are the types of receptors for it? 
46 C How does Lidocaine work?
46 D How does succinylcholine work?
46 E How does curare work? 
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