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Lab I 
Introduction to electrophysiology setup system 

 

In this lab you will familiarize yourself with the basic setup instruments and construct, step by step, an 
experiment setup for measuring the basic electrophysiological properties of neurons. 
 

 
 
Necessary measurement units: 

Giga = 109 Mega = 106 Kilo = 103 Milli = 10-3 Micro(µ)=10-6 Nano = 10-9 Pico = 10-12 

 

Ohm's law states that the current (Amperes) through a conductor placed between two points is directly 

proportional to the potential difference (Volts) across the two points and inversely proportional to its resistance 

(Ohms). 

 
  



Hebrew University –Research Techniques in Neurobiology – Prof. Benny Hochner – 2012 

Page 2 – Translated and revised by Guy Levy and Naama Stern 
 

 

 

  
Master-8 is an 8 channels pulse generator used for synchronizing between the other instruments of the setup 
by activating each one of them at the precise duration and amplitude. Each trial begins when channel 1 of the 
Master-8 is turned on [or any other channel programmed to trigger by the experimenter]. We shall program 
ch1 to execute in "Free-Mode" for each trial to begin automatically. Press Free1Enter. 
Do you see channel 1 blinking? If not, call an instructor. 
Each channel of the Master-8 has a voltage output and a red-led-illumination. When the channel is active 
there is voltage between the inner and outer parts of the female BNC socket connection        
and the red-led-illumination is on for indication. 
 
For now, we decide on 1 second interval between trials, so we program ch1 to 1 second interval. 
Press: Interval11EnterEnter. 

The time unit in the Master-8 is second, therefore, numbers are programmed in the 
Master-8 in the format of ax10-b to achieve programming of times shorter than a second. 
Programming a number in the Master-8 is done by separately typing a and b by pressing 
the Enter button between them. 
For example, for programming the number 0.004=4x10-3 we shall press 
4Enter3Enter. There is more than one way to program each number, for example, 
for the same number 0.004 we can press 40Enter4Enter which will give us the 
same result (4x10-3 = 40x10-4). 
To program the number 2 we shall press 2Enter0Enter or we can skip typing the 
zero and just press 2EnterEnter. 
Up to here we explained how to insert a number. This cannot stand alone, first you have 
to tell the Master-8 what parameter and which channel you are programming, so each 
programming will begin with a command (Interval, Duration, etc.) and a number 1-8 (for 
indicating which channel is programmed), then Enter. For example, for updating channel 
5 to have 0.02 seconds duration we shall press Duration52Enter2Enter. 

        How will you program ch2 to duration of 30 ms, 300 ms, 50 μs?  
Do you see the channel 1 blinking every second? If not, call an instructor. 

 
Ch1 is only initiating the trial, and therefore, should have a very short duration. Why? 
Set ch1 to have a very short duration of 100μs. Press Duration1{100μs, you should know how}. 
Notice, duration for 1 is extremely short so it should hardly be visible. If this is not the case - call an instructor. 
  

Master-8 
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Computer 

 
 

 
In our setup, the computer is used to displays the measured values and save them to the HD. It will begin 

working when triggered.  Who can trigger the computer? 
 
For starters, let's turn the software on. 
The measured values are electrical voltages received through the designated connection box. While working, 
the computer samples the values "from time-to-time", displays the samples on the screen and "sometimes" 
also saves them to the HD. The values are sampled every predefined interval of time that is calculated 
according to the value we specify as the sampling rate in Hertz (how many times per second).  

 Complete the table 
Sampling rate in Hz Time between samples Sampling rate in Hz Time between samples 

2 0.5 sec = 500 ms 1000  

20   500 μs = 0.5 ms 

 20 ms 20,000  

We are traditionally working with a sample-rate of 20K, so make sure this is the set value (1). 
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Next we need to tell the computer how many samples we want for each trial, a value that will define the time 
of each trial. For now let's say we want the trials to be 500 ms long. Enter the correct value (2). 
 

 Complete the table (for sampling-rate of 20K) 
Time of trial Samples per trial Time of trial Samples per trial 

7 sec  420 ms 8400 

1 sec   3100 

750 ms  100 ms  

 
We are ready to connect the Master-8 to the computer for activating it. Connect ch1 of the Master-8 to the 
Trig input of the computer. Do you see the trig-count running each second (3)? If not, call an instructor. 
 
For now, we will not attend to the measured values, but we still expect to see a graph 500 ms long. There are 
two ways to control the time-axis (X-axis) of the display: 

1. Right-click anywhere on the graph that appeared on the screen and choose auto-X to match the 
number of samples per trial to the value entered in (2) 

2. Choose manual-X, then manually overwrite the values in the limits of the X-axis (4) 

It is strongly recommended to choose the first option.  Why?  
 
By now you should have a computer beginning a new trace every 1 second and displaying the measured 
values for 500 ms in each trial. The values measured are the voltages of inputs labeled 0 and 1 (or 1 and 2) on 
the connection box. But what should be connected to connection box? Cables that emerge from the Amplifier 
(in our case, the Axoclamp) that measure the values from preparation. We are not ready yet to connect the 
Axoclamp, so we shall use other channels of the Master-8 to simulate the two inputs to the computer. 
Use channels 2 and 3 of the Master-8. 
We want those channels to start working when receiving a trigger, so we'll set them on "trig" mode.  
Press: Trig2Enter. Do the same for channel 3. 
They will get the trigger by channel1 (internally). Since we do not want them to be activated exactly when the 
trial starts, a delay for each of them will be defined. 

Press: Delay21Enter1.  What is the delay time we set for channel2? 

 Program channel3 to have 50 ms delay. 
 
Program channel2's duration: 

Press: Duration225Enter2.  What is the duration time we set for channel2? 
Program channel3 to have duration of 330 ms  
 
We need to connect channel1 to channels 2 and 3 for it to trigger them. 
Press: Connect12Enter. Do the same for connecting channel 1 to 3. 
Do you see channels 2 and 3 working in each trial? Can you see the delay and duration of each of them? 
Otherwise, call an instructor. 
 
Connect a BNC from those channels to the computer's inputs (0 and 1). 
Do you see the "measured" values? 
On the computer it is possible to shift input 1 (5). We use this if the graphs lay one over the other. This will 
only affect the computer screen and not the values that will be written to the HD. 
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For now, we shall shift input1 a bit to see both inputs on the screen. 
 
Now play with the "radio buttons" and polarity of channels 2 and 3. Do you see the change on the computer?  
 
Practice programming the Master-8 through obtaining the following on the computer screen: 

 
 Is the computer displaying the values in real-time? Try trials of 5 seconds to answer this question. 
 
 

Now, we will discuss an additional feature of the Master-8: The train.  
On trigger mode, a Master-8 channel begins working for a predefined interval of time when triggered. On 
train mode the channel will start working a few times in a sequence when trigger. Let's change channel 3 from 
Trig to Train mode. Press: Train3Enter. 

 Before you read on, think what two additional parameters are needed for channel 3 now. 
 
The interval indicates the time between the onset of the pulses in the train, so it must be longer than the 
duration (otherwise, you will get an error message). The additional parameter is the number of pulses per 
trigger; let's program the train to have 4 pulses. Press: M34EnterEnter. The extra Enter is not a 
mistake and is needed because the Master-8 accepts this number as if it represented a time-interval in 
seconds (although it does not). 

 Do you detect a problem? [You should… Think about it before you read the answer].  
retemarap yaled eht serongi edom niart ni lennahc a 8-retsaM fo ledom siht nI 

 How do we overcome this problem? 
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For the practice, program the Master-8 so you will get this on the screen: 

 
Learn how to use the cursors on the computer to measure accurately. 
Try another one: 

 
Before we move on to the next step, let's turn off channels 2 and 3 of the Master-8 and disconnect them from 

channel 1.  Turning them off will not auto disconnect them from channel 1. 
 
Press: Off2Enter. 
Press: Off3Enter. 
Press: Disconnect12Enter. 
Press: Disconnect13Enter. 
Put the polarity of those two channels on Positive and turn their intensity to maximum. 
From now on they will trigger only. 
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Axoclamp 

 
 

 
Up to now, channels 2 and 3 of the Master-8 simulated the input from the Axoclamp. At this point, we will 
connect the Axoclamp itself, only without a real preparation for the time being. 
Axoclamp – rear: 

 
1. Plug the two Headstages to the Axoclamp. 
2. Plug the BNC from ch2 in the Master-8 to the Step Activate input, for triggering stimulation. 
3. Plug a cable to the Signal Ground to connect the system to the earth ground. 

 
Axoclamp – front: 

 
1. Make sure the power is turned off. 
2. Turn the Step Command value to Zero. 
3. Switch Off/Ext/Cont button to ‘OFF’ state (temporarily). 
4. Switch ME2/ME1/VC radio button to ME1. 
5. Press: the ‘Bridge’ button to set the Axoclamp to Current-Clamp mode. 
6. Turn off the Capacitance Neutralization of both electrodes (all the way left). 
7. Turn off the DC Current Command for both electrodes. 

8. Turn off the Input / Output Offset for both electrodes (5 is Zero  Why?). 
9. Turn off the Bridge for both electrodes. 
10. Connect the outputs 10Vm and Im to the computer inputs 0 and 1. 
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Make sure the computer is still counting the trigger every 1 second. 

The Model-Cell you got from the instructors is a simple instrument that mimics an experiment bath in one 
state and a passive neuron membrane in the other state. 

 What do each of the resistors and the capacitor mimic?  

 
Before you connect the Model-Cell think what you expect to see when you will connect it. 
Put the Model Cell on bath state and connect it to Head-Stage1.  

 Did you connect it correctly? Remember you are measuring the voltage between two points.  

 Do you see anything on the computer screen? Do you see what you expected to see?  
 
Since this is a passive circuit and you are not injecting any current into it, you should measure zero current and 

zero voltage.  What will happen at this stage in a real bath? Why? What is the fundamental difference? 
 
Now, let's try to stimulate through our "electrode": 

1. Set ch2 of the Master-8 to trigger the Axoclamp a bit after the beginning of the trial for 200 ms. 
2. Set the Axoclamp to Ext mode (3) 
3. Set the Step-Activate to 1 nA (2) 

Do you see anything on the monitor screen? Is it what you expected? 
Call an instructor before you move on. 
 
Use Ohm’s law to measure the value of R1. 

 What is the resistance you found? 
R1 mimics the resistance of the electrode. This is a parasite resistance that causes a parasite voltage that 
should not be measured, so we want to ignore it when measuring. For this we shall use the Bridge.  

 What is the bridge? 
"Correct" the bridge. Now you should see zero voltage through all the trace.  

 Does the bridge show the same resistance as you measured before? 
 
Now switch to Cell mode. What has changed? Why? 
Program ch2 of the Master-8 to have a stimulation that would be long enough to measure the value of R2. 

 Why is the stimulation duration related to measuring R2?  

 What is the value of R2? 

 What is time constant (τ) of the capacitor C? 
 
You are now ready to use real microelectrodes and bath. Turn off the current injection of the Axoclamp and 
set the bridge and the input and output offset of the Axoclamp to zero (remember, for the input and output 
offset, 5 is the real zero). The instructors will give you suitable headstages and together you will cover the 

silver wire with AgCl.  Explain why this is done. 
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The instructors will show you how to create sharp microelectrodes and fill them with the proper solution.  
Place the experiment bath on the table under the binocular and use some plasticine to hold it in place.  
Connect the holders to the headstages, and connect the headstages to the micromanipulators. Adjust the 
micromanipulators to a position where you can bring the tip of the electrode to the bath. Play with the three 
axes of the manipulators. Notice each manipulator can be moved in three axes, where each axis can be 
controlled via a gross and a fine control knob. The fine knobs have a scale of 1-4, but do not open it more than 
2 to avoid it from loosing calibration. 
 
Set the binocular to maximum zoom-out, and then adjust the manipulators while watching the tip of the 
electrodes under the binocular. Learn how to use the three axes of the manipulators. Make sure the bath is in 
the center of the binocular visual field. Bring the tip of each electrode also to the middle of the visual field and 
focus on it. Advance it towards the liquid in the dish and alternately zoom in with the binocular. Eventually, 
you should be reach maximum zoom and see the tip of the electrode. Once the tip is in the liquid you are 
ready to continue with the Axoclamp. 
 
Look at the computer screen; do you see any voltage measured? You should. Are you injecting any current? 

 If you are not injecting current, then why is there voltage measured?  
 
Adjust the input and output offset of the electrodes (8) until you see zero voltage measured. 

 What did you actually just do? Did it actually change anything in the dish? 
 

1. Set the Axoclamp to Ext mode (3) 
2. Set the Step-Activate to 1 nA (2) 

 
Use Ohm's law to calculate the resistance of the electrode. Then use the bridge to check your measurement. 
The sharp-electrodes puller is heating the pipette and pulling it with an adjustable electro-magnet. We can 
control the current for the magnet and heater to change the electrodes parameters. But there are no fixed 
and accurate pre-known values for creating a certain electrode. 
Learn how to control the puller’s parameters by trying several times and completing the table below:  

Heater Magnet Amperes Resistance  Heater Magnet Amperes Resistance 

5 5        

         

         

         

 
Connect the 2nd electrode, and bring the tip of the two electrodes close to each other. 
Now, instead of connecting the Vm output of the Axoclamp to input0 of the computer, connect V2 to the 
computer, to measure the voltage measured by electrode 2. Do you see the Voltage? Try adjusting the bridge. 

Now do you see voltage?  Explain your observations.  
 

 


