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1 Introduction 

 

With the launch of the new CEW " PhaZZer® Enforcer " (Phazzer) by the Swiss company 

B&T AG, of Thun, Swiss police forces now have access to an alternative product to the 

hitherto exclusively employed TASER® X-26 

The Swiss Competence Centre Police Engineering and Computer Science (PTI) issued an 

order to the Forensic Institute Zurich (FOR) on December 1, 2015 to analyze the generated 

electric pulses from Phazzer and to check their conformity with respect to applicable 

standards. To check in particular whether generated Phazzer electrical impulses complied 

with the standards and limits of the Technical Specification IEC TS 60479-2 

This document is the final report on the in this collaboration between FOR and the Swiss 

Federal Institute of Metrology (METAS) in Bern-Wabern using their recording instruments 

and methodology to provide the scientific measurements used in this report. 

This scientific comparison is set against Technical Specification IEC TS 60479-2 " Effects of 

current on human beings and livestock " which assess the risk of ventricular fibrillation in 

respect the potential dangers to humans from exposure to the electrical impulses emitted by 

any CEW such as Phazzer and TASER 

This report replaces the previous FOR report on pulse measurements on the PhaZZer CEW" 

from March 8th 2016, by the same authors.  

 

2 Order 

Determine whether the output from Phazzer electric pulses satisfying the requirements of the 

Technical Specification IEC TS 60479-2 " Effects of current on human beings and livestock "  

 
 

3 Measurement Conditions 

Measurements were taken in the laboratory of the Department of Electromagnetic 

compatibility (EMC) of METAS in Bern - Wabern on 19th January 2016 

In these measurements, we were supported by the laboratory director, Mr. Ph. D. Physicist 

Frédéric Pythoud and Mr.Beat Muehlemann. 

On behalf of FOR – Mr Beat Kälin, of FOR KT/SW and Mr Roland Bosshard of FOR UT/ET 

were involved in the measurements. The evaluations were supported by FOR Technician 

Dr. Martin Lory.  

 
3.1 Measurement Environment 

All measurements were conducted within METAS within in a temperature-controlled 

environment stable at temperature 23.6 ° C and Relative Humidity (RH) of 42.6 %. 
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3.2 Instruments and Accessories Used 

The following instruments and accessories were at the scientist’s disposal: 

 
3.2.1 Digital Spectroscope Agilent Infinium DSO90254A 

This high-resolution measuring instrument has a record rate of 20 GSa/s (20 Gigasamples 

per Second = 20,000,000,000 Samples per Second). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

              Image 01:  Agilent Infiniium DSO90254A Digital Spectroscope 

 
The test oscilloscope’s METAS Inventory number is 006587, last calibrated July 2014. 

 
 
3.2.2 High Voltage probe with 1,600-fold signal attenuation 
 
This measuring probe is required to attenuate the high voltages of the pulses of NEN units at a 
level that is measurable for the oscilloscope and to protect the measurement electronics 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

         Image 02:   METAS High voltage probe with 1,600 times signal attenuation 

 

The probe was provided by METAS and is METAS Inventory number 007045. 
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3.2.3 High Voltage Solid Equivalent Resistance 

For the measurements on the sample CEW’s, an equivalent resistance was used instead of 

human or substitute subjects. This equivalent resistance is composed of three shelves 

equipped with high tension fixed resistors on printed circuit boards, which have an electrical 

resistance of 200 Ohms. By series or parallel connection between printed circuit boards by 

means of plug-in jumpers and bridges it is possible to create total resistances between 66.7 

Ohms to 600 Ohms in multiple gradations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                 Image 03: METAS high voltage resistance stand 

 

This equivalent resistance device was prepared by METAS specifically for these 
experiments.
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3.3 Test Setup 

The following test setup was used for the measurement of the CEW. 

 

 

Agilent Infiniium DSO90254A Digital Spectroscope 

 

 

 

                                                            METAS high voltage resistance stand 

Phazzer Enforcer 

 

 

METAS High     
voltage probe 

 

 
Image 04:   Schematic drawing of the Test & Measurement setup with Phazzer CEW/DSG 

 

The darts of the test item, a Phazzer CEW, were connected by means of terminals to the 

equivalent test resistances, so that a closed circuit was tested. To measure the voltage 

across the equivalent resistance of the measuring probe, this is connected by means of 

cables to the METAS high voltage probe. 

 

The connection between the METAS measuring probe and the Agilent spectroscope were 

made using shielded coaxial cable. 

 

 

 

 

 

 

 

 
 
 
  

 

       Image 05:  Laboratory measurement 
setup 

     Image 06:  Spectroscope 

 
The determination of the current flowing through the equivalent resistance was carried out 

by Ohm’s Law calculations, based on the measured voltage and resistance of the 

equivalent resistance (300 ohms or 600 Ohm): 

 

Electric current (�)= Voltage (�) / Electrical resistance (�) 
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In professional circles, there are various views on the parameters affecting of electrical 

resistance of the human body. On the one hand the resistance is dependent on the distance 

between electrodes (projected darts) on tissue, which is of the length of the path the current 

travels in the body or sub-tissue, and another opinion or view is the composition of the tissue 

traversed by the current. Certain parts of the human body have more adipose tissue, while 

other areas have more muscle tissue. Furthermore, the electrical resistance of the human 

body also depends on the current physical condition of the person concerned. Dry skin 

conducts worse than wet compared to sweating skin.  

 

A comprehensive study of four recognized scientists (1) (Dawes, Kroll, Ho & Miner) research 

on the range of influences of electricity on the human body has come to the conclusion that 

with regard to human tissue experimentation the human body has an electrical resistance of 

about 600 Ohms’ average. 

 

For this reason, we decided to carry out these test measurements with an equivalent 

resistance of 600 Ohms. 

 

As in past CEW experimentation, laboratory measurements have shown that at such 

frequencies the deployment of electric shock devices (CEW’s) on a human result in a 

resistance of about 300 ohms, therefore we have carried out all the measurements for 

comparison purposes throughout with this method.  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

References 

1 Donald M. Dawes / Lompoc Valley Medical Center, Mark W. Kroll / University of Minnesota Twin Cities, Jeffrey D. Ho and James 
R. Miner / Hennepin County Medical Center; December 2009; "Electrical Characteristics of an Electronic Control Device under a 
Physiologic Load: A Brief Report"; www.researchgate.net/publication/40692517 
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4 Measurements taken 

The pulse delivery of Phazzer and the TASER CEW were recorded within the memory 

oscilloscope and stored on a storage medium (USB stick). 

Since this data cannot be read and displayed with normal office software (due to the 

amount of data) these records are referred to as "Raw Data".  

With each measurement, a single file was created. A copy of the raw data collected is now 

located in the FOR for archival purposes. 

As the test CEW delivers a pulse sequence lasting about 5 seconds, each measurement 

was performed twice. In the first measurement, a longer section of the pulse sequence was 

captured (300 to 500 m/s) and recorded. The second measurement, captured only the first 

pulse.  

For each of these measurements, the Agilent storage oscilloscope had to be specially 

configured so that meaningful data could be recorded. 

When measuring the pulse sequence, the sequence of individual pulses had to be 

accurately captured. For these measurements a low sampling rate was set 

For a single pulse a higher sampling rate was set to enable capture of the pulse profile.  

For further analysis FOR and METAS first had to process the Raw Data, so that analysis 

using other tools such as Microsoft Excel was then possible. 
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4.1 Measurements "Phazzer Enforcer" 

For our measurements we tested two Phazzer Enforcer CEW’s, Serial Numbers 

ADP0285A1214 and A0163A1214.  Both were deployed and measured in identical manner 

to accurately determine possible differences between them. 

To investigate whether the pulse delivery of both Phazzer’s were independent of the battery 

state of charge, all measurements were with fully charged devices at the beginning of the 

measurement series (Battery status = 100%) followed by tests with partially discharged to 

enable a measurement series to indicate if outputs were adversely affected (battery status = 

low). Since the Phazzer Enforcer has no battery status indicator, fully charged batteries were 

re-charged for some time with a resistor in order to achieve the desired partial discharge.  

There was no re-charging of the Phazzer Enforcer batteries between measurements 

Since the manufacturer of the Phazzer Enforcer explicitly refers to the compatibility of the 

Enforcers with Taser X26P cartridges, the combination of Phazzer and TASER cartridges 

was also tested. 

 
Raw Data captured at each state of charge is as follows 

 

PHA_ snADP_ cPH_ 300_ l_ B100 (1)*)
 .csv 

Phazzer Device 

Serial # 

abbrevia-

tion: ADP 

or A01 

Cartridge 

Type: 

cPH = 

Phazzer  

cTA = Taser 

Equivalent 

Resistance 

Value: 

300 or 

600 Ohm 

Discharge 

sequence: 

l = long 

impulse 

s = short 

impulse 

Battery 

status: 

B100 =  

100% 

charged 

Blow = low 

capacity 

Continious 

index, 

Repeated 

measurem-

ents 

Comma 

Separated 

Values 

• If the same measurement is performed several times, only the last measurement (= highest index) 

was considered for further evaluation. 

Table 01: File name for Phazzer raw measurement data 

 
 

 

4.1.1 Phazzer Enforcer "ADP", S/N ADP0285A1214 
 

 
Cartridge 

 
Battery Status 

Resistance 300 

Ohm 

Resistance600 

Ohm 

 
Phazzer 

100% Record 1 Record 2 

Low Record 3 Record 4 

 
Taser 

100% Record 5 Record 6 

Low Record 7 Record 8 

Table02: Measurement series with the Phazzer "ADP" 
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4.1.2 Phazzer Enforcer "A01", S/N A0163A1214 
 

 
Cartridge 

 
Battery Status 

Resistance 300 

Ohm 

Resistance 600 

Ohm 

 
Phazzer 

100% Record 9 Record 10 

Low   Record 11 Record 12 

 
TASER 

100%          Record 13 Record 14 

Low    Record 15 Record 16 

Table 03: Measurement series with the Phazzer "A01" 

 
 
 
 

4.2 Comparative measurements TASER 

To investigate whether the pulse delivery of the TASER is independent of the battery charge, 

all measurements were carried out with a battery that was fully charged at the beginning of 

the measurement series (Battery status = 100 %) followed by batteries at 20% charged 

(battery status = 20 %). The respective battery status could be read on the device display. 

The batteries of TASERS cannot be recharged, as they are disposable after depletion. 

 
The generated at each measurement raw data file was designated as follows 

 

X26P_ 300_ l_ B100 (1)*)
 .csv 

        Taser: 

X26P & X2 

Equivalent 

Resistance 

Value: 300 or 

600 Ohm 

Discharge Sequence: 

l = (long) Impulse 

 s = (short) Impulse 

Battery status: 

B100 = 100% 

B20 = Batterie at 

20% remaining 

Continious index, 

Repeated 

measurements. 

Comma Sepa- 

rated Values 

• The same measurements were performed several times with only the last 

measurement ( = Highest Index ) considered for further evaluation  

Table 04:   Data tables for raw TASER measurements 

 
 

 

4.2.1 Taser X2, S/N X29000H63 
 

 
Cartridge 

 
Battery Status 

Resistance 300 

Ohm 

Resistance 600 

Ohm 

 
Taser 

100% Record 17 Record 18 

20% Record 19 Record 20 

Table 05:    Measurement series with the TASER X2 
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4.2.2 Taser X26P, S/N X120004FF 
 

 
Cartridge 

 
Battery Status 

Resistance 300 

Ohm 

Resistance 600 

Ohm 

 
Taser 

100% Record 21 Record 22 

20% Record 23 Record 24 

Table 06: Measurements with TASER X26P 

 
 
 

 

5 Obtained for METAS measuring 

In agreement with METAS experts, the data sourced in the measurements was processed by 

METAS to enable further processing and evaluation by the FOR using MS Office software. 

• All measurement data of a particular CEW were set in each one assembled file. 

• The measurement data were converted to Excel data format (.xlsx) 

• In the edited records were us per measurement per between 3'000 and 5'000 about 

data points available, which was sufficient for our evaluation. The raw data 

contained in a rule more than 1 million data points per measurement. The reduction 

of this large amount of data points was performed by the METAS using an 

averaging. Here, the data points were for groups (averaging factor) combined, 

which were then averaged to give an individual value. A positive side effect of this 

method was also the smoothing of the noise in the measurement data 

 

 
Overall, we were the following four files that we use for our analysis were able to: 

• Summary_Phazzer_snADP.xlsx 

• Summary_Phazzer_snA01.xlsx 

• Summary_X2.xlsx 

• Summary_X26p.xlsx 
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6 Data Analysis 

 
6.1 Pulse Sequence  

To evaluate the pulse transmitted by the Phazzer Enforcer, Phazzer cartridges were used. 

The Phazzer batteries were almost fully charged, and the equivalent resistance of 600 

Ohms was used 

A five seconds trigger pull on both test Phazzer created the measured pulse. The 

averaged individual pulses for device Serial Number ADP0285A1214 were about one 

pulse per 43 m/s and Serial Number A0163A1214 about one pulse per 45 m/s  

Graphic 01: Impulse Phazzer CEW 

 

The height of the current peaks which gave these measurements cannot be used for the 

analysis because of the selected lower sampling rate and the resulting lower measurement 

resolution of the storage oscilloscope. For the accurate determination of the current peaks, 

the actual value, and the resulting comments, single energy pulses were measured, for 

which the recording apparatus had been adjusted accordingly.
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6.2 Single Pulse 

The individual pulses of Phazzer CEW’s characterized by a first, was a very brief current 

peak of 6.3 to 7.4 amps, which falls after 12:25 microseconds to about 5 amps to then 

rises again. Phazzer # ADP0285A1214 had a current peak of 6.8 ampere and Phazzer # 

A0163A1214 reached 8.6 amps. With a 600 ohms load this current value corresponding to 

an output voltage of the devices from 4,090 to 5,170 Volts 

 

                       Graphic 02: Single Impulse Phazzer CEW (DSG) 

 

The current pattern of the curve (capacitor discharge) is very similar to about 0.012 m/s 

zero. The brief current pulses that subsequently follow are no longer relevant, as they are 

small and very short responses (characteristics of the capacitor within the CEW) which 

always occur when the current flow breaks off.
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6.3 RMS Power 

To calculate Phazzer CEW RMS Power and energy delivered, the effective value of the 

current delivered must be determined. RMS current is a theoretical DC current which is a 

predetermined period of energy replicating the real pulse of Phazzer’s discharge over a fixed 

period. 

For the following calculations only the readings of the Phazzer CEW # A0163A1214 was 

considered, as that Phazzer Enforcer gave the stronger pulse in these tests. 

Since the single pulse of that Phazzer’s strongly resembles the discharge curve of a 

capacitor, the model of a (theoretical) capacitor is used as an aid for determining certain 

calculation parameters, therefore that discharge curve was adapted/harmonized to the 

discharge curve of Phazzer. 

Graphic 03: Phazzer single pulse in comparison with the theoretical discharge curve of a capacitor 

 

This approach not only facilitates the determination of that Phazzer CEW’s power and 

energy, but also helps in assessing the risk of ventricular fibrillation in comparison with the 

examples given in the specification for the discharges of the capacitor. 

 

Technical Specification IEC TS 60479-2 describes in " 11 Effects of unidirectional single 

impulse currents of short durations," the derivation of the relevant parameters for assessing 

the danger of current pulses by a capacitor discharge. In addition, comparative figures given 

in the same chapter of this standard, also help classify the determined values .
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Graphic 04: Important characteristic values in the capacitor discharge (From IEC TS 60479-2 Page 33) 

 

 
 Capacitor (theoretical) Phazzer 

IC(p) Peak current (discharge current peak 
value) in the discharge of the capacitors 

 
� IC(p) = 12 A 

The discharge current peak the Phazzer is 
not consistent with the behavior of a 
capacitor. For this reason, the measured 
maximum current is used as a peak current 

� IC(p) = 8.6 A 

T Time-constant the theroretical capacitor 
Also τ (Greek lower-case letter T). 

 
� T = 0.00386 m/s 

As a time constant of Phazzer is the value 
of the aligned theoretical capacitor 
discharge curve adopted.  � T = 0.00386 
m/s 

ti Time until the discharge yet 5% the 

peak current IC(p) is 

 
� ti  = 3 * T = 0.0116 m/s 

Duration of Phazzer pulse. This value is 
used as the time constant from the 
theoretical capacitor. 

� ti  = 3 * T = 0.0116 m/s 

IC rms RMS value of the capacitor discharge 
(discharge current RMS value) during the 

time period ti. This value is derived from the 
formula: 

 

 � IC rms  = IC(p) / √6 = 4.899 A 

The RMS value of Phazzer pulse current 
during the time period ti. This value is 

derived from the formula 
� IC rms  = Fqr / ti  = 3.485 A*)

 

A*) Since the current pulse of Phazzer’s 
capacitor has no peak current, the 
determination of the RMS value is 

performed on the specific charge Fqr. 
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 Capacitor (theoretical) Phazzer 

Fqr The specific charge corresponds to the area 
under the capacitor discharge current curve 

during the time period ti. This value is identical 

to the product of IC rms and ti. 

The specific charge corresponds to the area under 

the Phazzer impulse curve during the time period ti. 

The area under the pulse curve is determined 
based on the measurement data into the METAS 
Excel Excel calculated by means of a integral 
approximated on the existing time segments. 

� F =  =�� �(�)+�(�+1) 
qr ⌊ ∗ ((� + 1) − �)⌋ 

� Fqr = IC rms * ti  = 5.673 * 10-5 As �=0 2= 4.036 * 10-5 As 

 
Table 07: Numerical values of the characteristic quantities of the (theoretical) capacitor discharge and the 
Phazzer 

 

 

The calculated RMS current IC RMS of the test Phazzer CEW are measured at 3.486 Amp 

during the time period ti of 0.0116 m/s  

 
6.4 Energy transfer 

According to IEC TS 60479-2 the discharge energy and the specific fibrillation energy are 

important factors in assessing the risk of ventricular fibrillation.  

These two values are reported below: 

Table 08:  Energies (theoretical) from Capacitor and the Phazzer 

Fe 

Capacitor (theoretical) Phazzer 

Specific Fibrillating Energy To determine the specific Fibrillating energy 
Fqr, computes as the area under the 
measured pulse curve. To calculate the 
energy, The current values are I(t) act 
squared 

 

� Fe = IC2 
rms * ti  = 2.779 * 10-4 A2s 

� Fe    
∗ ((� + 1) − 
�)⌋ 

= 2.136 * 10-4 A2s 

WC Discharge Energy WC. Discharge Energy WC. 

� WC = Fe * Ri  = 0.167 Ws � WC = Fe * Ri  = 0.128 Ws 

Ri is the Resistance, over which the charge Ri, is the Resistance over which the phase 
of the Capacitor Flow. This is the pulse flowing. This is at 600 Ohm (= Equivalent 

Resistance). 
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6.5 Other Findings 
 

6.5.1 Influence of battery charge on the pulse delivery 

These measurements have shown that the state of battery charge does have a tendency to 

affect output pulse, increasing the time interval between the individual pulses with 

progressive discharge of the battery, which means that less single pulses are generated. 

This can be attributed to the fact that more time is needed to build up to release the 

necessary pulse discharge. 

 Battery discharge seems to have no significant impact on the current that is delivered in a 

single pulse. Apparently, the internal capacitor within the CEW is first fully charged, which 

takes longer in a less charged battery. 

Graphic 05: Pulse train with different battery charge Graphic 06: Single pulse with different battery charge 

 

If battery discharge continues to depletion the CEW is no longer functional 

 
6.5.2 Influence of the equivalent resistance on the pulse delivery 

The current values of the pulse delivery differ depending on whether a replacement resistor 

is used - 300 ohm or 600 ohms. In an equivalent resistance of 300 Ohms higher currents 

flow than an equivalent resistance of 600 Ohms 

Graphic 07: Pulse records with different equivalent 
resistances 
 

Graphic 08: Single Pulse with different equivalent 
resistances 

 

Considering the peak currents, it is found that these differences do not follow Ohm's law, 

which at 300 Ohm load flows at twice as much power as a 600 Ohms load. This is 

because the capacitor discharge characteristics of the Phazzer CEW internally.
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600 Ohm already nearly delivers the maximum possible current and thus its performance 

limit has almost been reached. This is confirmed when looking at the single pulses that can 

deliver higher peak current only during a few microseconds, the then drops sharply. 

Between the current pulses please consider that the power at 300-Ohm load is twice as large 

as at 600 Ohms 

 

6.5.3 Using Phazzer or Taser cartridges 

The comparison of the pulse curves using Phazzer and Taser cartridges with the Phazzer 

Enforcer CEW has shown no significant differences 

Graphic 09: Pulse recording with different cartridges 
 

Graphic 10: Single pulse with different cartridges 

 

When looking at the individual pulse traces of the Taser cartridges, an initial peak current 

of up to 12 amps is seen, which does not occur in the Phazzer cartridge to the same 

extent. The detailed analysis of the captured data shows that this current peak takes 

approximately 0.2 microseconds, which is negligibly shorter. 

The cause of this could be the internal construction of the TASER cartridge which requires 

a higher voltage, resulting in this very short current peak 

 

6.5.4 Comparison of the two Phazzer devices 

The direct comparison of the measured data, which was obtained from the two Phazzer 

Enforcers Serial Numbers ADP0285A1214 and A0163A1214 indicates no significant 

differences in the pulse delivered. 

We therefore consider both devices as equivalent in terms of the pulse discharge 

characteristics. 

 

6.5.5 Comparison between Phazzer and TASER devices 

The measurements show that the Phazzer has an approximately x 1.2 higher pulse 

compared to the equivalent TASER. The pulses delivered by both devices were over 5 

seconds duration
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The fact that the recording of Phazzer pulses at about 300 m/s to stop, while the measurement 

on Taser takes about 500 m/s, is the measuring instrument which terminates automatically 

after recording a certain amount of data measurement 

Furthermore, results from the graph of the pulse train of the impression that the Phazzer less 

power outputs than the Taser (less power means less stress). However, this is due to the 

time measurement resolution, whereby the individual pulses are measured as an artifact too 

low 

 

Graphic 11: Pulse sequence of Phazzer & TASER 
CEW 

Graphic12: Single Pulse Phazzer and TASER CEW 
 

The records show from the individual measurements of various CEW’s that Phazzer emits 

a relatively strong current pulse of about 8.6 to 6.8 amps (about 4,090 to 5,170 volts at 

600 ohms), but already completely after about 0012 m/s has decayed (the subsequent 

short current pulses are no longer relevant. It is small and very short residual discharges 

the capacitor, which always occur when the current flow stops (response zero). 

The comparison with the Taser shows that this gives a short initial pulse of approximately 

2.5 amperes (approximately 1,500 volts at 600 ohms), to which a longer pulse with about 

1.5 to 2 amps follows. All of the current pulse takes the TASER X2 about 0.05 m/s and 

the Taser X26P about 0:09 m/s, which is much longer than the Phazzer. The sign of the 

pulse (positive or negative) is not relevant for the effect on the body. 

 
 

7 Comparison with Limits 

In order to assess the risk of people, especially the risk of ventricular fibrillation by current 

pulses of a Phazzer is within the limit and reference values of the Technical Specification IEC 

TS 60479-2. 

Since the single pulse of Phazzer’s capacitance discharge is similar, when compared to the 

information in IEC TS 60479-2 Section 11 " Effects of unidirectional single impulse currents 

of short duration" for capacitor discharge with measured and calculated values of Phazzer’s.
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7.1 Comparison with Reference Curves IEC TS 60479 

The Reference Curve "Figure 20 – Threshold of ventricular fibrillation" in Section 11.4 of IEC 

TS 60479-2 shows three curves (C1, C2 and C3), which form the boundaries between four 

different levels of danger (risk) for ventricular fibrillation are assessed against. 

 

 
These risk levels are: 

≤ C1: No ventricular fibrillation 

> C1 und ≤C2: Low risk for ventricular fibrillation (likely to 5%) 

> C2 und ≤C3: Medium risk for ventricular fibrillation (likely to 50%) 

> C3: High risk for ventricular fibrillation (likely over 50%) 
 

 

Graphic 13: Compared with the reference curve according to IEC TS 60479 (C1, figure 20) 
 
 

 
To assess the current pulses of a Phazzer CEW, the boundary curve C1, under which no 

ventricular fibrillation is still expected – Please refer to Graphic 13, which is divided into a 

safe (Riskless) area and a danger zone for potential risks of ventricular fibrillation 

Danger area for 

ventricular fibrilation 

Riskless area 

Peril point 
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By these findings Phazzer pulse value pairs of " RMS - Current IC RMS " and " Pulse 

Duration ti " shows that they are in the " safe area “. 

Because of this observation, the current pulses of a Phazzer CEW exhibit no danger of 

ventricular fibrillation for the person concerned. However, it must still be considered that the 

measurement point outside the graph is about 10 times smaller than exposure time. 

 
 

 
7.2 Comparison with examples in IEC TS 60479 

Section 11.4.2 of IEC TS 60479-2 two examples of the danger of ventricular fibrillation by the 

discharge of capacitors on the human body 

Example1 describes a capacitor discharge having a pulse duration of ti = 3 m/s an example 

2 (Example 2) a capacitor discharge having a pulse duration of ti = 30 m/s. 

Since the current pulses with a duration Phazzer ti = 0.0116 m/s write, these are the values 

of Example 1 (ti = 3 m/s) compared. 

 
 

 IEC TS 60479-2, 11.2.2 Example 1 

 Phazzer  

Charging 

Voltage Ue (V) 

 

10 
 

100 
 

1'000 
 

5'170 
 

10'000 

Surge current 

lc(p) (A) 

 

0.01 
 

0.1 
 

1 
 

8.6 
 

10 

RMS Current Pulse 

IC rms (A) 

 
0.0041 

 
0.041 

 
0.41 

 
3.485 

 
41 

Specific Charger 

 Fq (As) 

 

0.01 * 10-3 

 

0.1 * 10-3 

 

10-3 

 

4.036 * 10-5 

 

10 * 10-3 

Discharge Energy 

WC (Ws) 

 

0.05 * 10-3 

 

5 * 10-3 

 

0.5 
 

0.128 
 

50 

Specific Fibrilla- 
dissociation energy 

Fe (A2s) 

 
0.05 * 10-6 

 
5 * 10-6 

 
0.5 * 10-3 

 
2.136 * 10-4 

 
50 * 10-3 

 
Physiological 
Effects 

 
 

Light 

 
 

Uncomfortable 

 
 

Painful 

 ventricular 

fibrillation 

probable 

Table 09: Effect of capacitor discharge on the human body as compared with the Phazzer 
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The direct comparison of the charging voltage Ue and the peak current IC (p) of Phazzer’s 

CEW within the comparison values given in Example 1 indicates that the physiological effect 

of Phazzer’s CEW in the range between "painful" and "ventricular fibrillation probably" move. 

The pulse duration ti of the examples listed in the standard is 3 m/s, the expected effect of 

Phazzer’s CEW relativized dec, because this emits pulses with a duration of only 0.0116 

m/s, which is a factor to ca. means 260 shorter duration reaction on the human body. 

The shorter pulse duration is also reflected in the comparison of the effective values of the 

pulse currents IC RMS. With 3,485 A while 0.0116 m/s and this figure is strikingly rich under 

the term, in which "ventricular fibrillation likely" indicated. 

The values for the specific charge Fq, to discharge energy WC and specific fibrillation 

energy Fe are all lower than the values that are indicated as "painful" in the example. 

Overall, the comparison between the electrical parameters of Phazzer results with the 

values from the relevant examples of IEC TS 60479 show no results that suggest the 

risk of ventricular fibrillation due to a Phazzer pulse. 

 
 

8 Assessing Vulnerability (Risk) 

Assessing the risk of a human being by ventricular fibrillation by Phazzer CEW output is 

based on comparison with the Technical Specification IEC TS 60479 " Effects of current on 

human beings and livestock." 

In particular, the information and examples of the document IEC TS 60479-2 are " Part 2: 

Special aspects" into account. 

Due to the shape of the recordings from the Phazzer electrical impulses, these were 

compared to the discharge curve of a capacitor. The hazard potential of a capacitor 

discharge through the human body is described in this document in Section 11 " Effects of 

unidirectional single impulse currents of short durations “. 

Two comparisons were made: 

• Compared with the reference curve according  IEC TS 60479 

• Comparison with examples in  IEC TS 60479 

Both show comparisons that Phazzer although emitting a relatively high current to the target 

person, that the duration of delivery is very short and thus the limit of exposure is restricted 

reducing the possibility of ventricular fibrillation. 

The Phazzer pulses are from about 26 individual pulses per second to the target person, 

resulting in a frequency of about 26 Hz. The Technical Specification IEC TS 60479 describes 

in Chapter 9, " The effect of repeated pulses (bursts) of current on the threshold of ventricular 

fibrillation " a pulse train with short rectangular pulses, which comes in a similar pulse-form of 

the test Phazzer’s.



Forensic Institute Zürich (FOR) Version 1.0 Page 23 of 23 

 

 

Report on the measurements and evaluations on PhaZZer® CEW 

 
 
 

Direct comparison between TASER and Phazzer is not possible because both pulse duration 

(0.01 to 1 second) and pause duration (0.5 to 1 second) are in a completely different order of 

magnitude. For this reason, the IEC TS can be 60479 taken for assessing the risks related to 

the pulse sequence no limits or the comparative figures. 

A direct comparison with the pulse train emitted from competitive product TASER® shows 

(see Section 6.5.5 Comparison between Phazzer and Taser devices) that the Phazzer emits 

its pulses at a slightly (x 1.2) higher frequency. Whether this creates a higher risk for 

ventricular fibrillation, cannot be assessed due to the lack of scientific basis, standards and 

tolerance limits. 

 
 

9 Conclusion 

After measurement of electrical pulses from Phazzer CEW’s under test, with help from 

METAS in Bern-Wabern and the subsequent evaluation of compiled data, substantial 

findings about the electrical properties of these devices were obtained.  

To carry out these measurements, human volunteers were avoided. Instead, an equivalent 

resistance was used simulate a "target person“, a method that was previously used by 

METAS in other similar test applications.  

During all tests measurement devices were used in parallel on test the TASER® CEW to 

validate the measured data obtained by comparison with earlier measurements. 

To assess the likely risk of a human target experiencing ventricular fibrillation, comparative 

values taken from Technical Specification IEC TS 60479 have been adopted. 

In summary; the following main statements made regarding the output pulse characteristics 

of the two Phazzer Enforcer CEW’s tested:  

The measured individual pulses are not in an area that would cause a threat to human 

health by ventricular fibrillation. 

• With respect to delivery of the entire pulse train recorded we could not limit or 

compare values which would allow a qualified statement regarding the risk of totally 

avoiding ventricular fibrillation as state of health is obviously an issue to consider. 

• The state of charge of the battery used in a Phazzer CEW had an influence on the 

rate of the output pulse. 

• The Equivalent Resistance used in these tests (300 or 600 ohms) had only a small 

effect on the pulse delivery 

• Both Phazzer cartridges as well as those manufactured by TASER could be used in 

the test devices.
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• In these measurements two Phazzer Enforcer devices were used and measured in 

identical manner. Relevant differences in the pulse delivery could not be found 

 

 
The information in this report is limited to the measurement and evaluation of the Phazzer 
CEW current pulses to assess possible dangers affecting human health.  
 
Other aspects such as the viability, suitability, reliability or quality of these devices have not 
been verified or evaluated as part of this report. 

 
 
 
 

Zürich, 19. May 2016 
FOR-UT-ET/BO 
 
 
 
 
 
 
 
 

Important Note 
This document is the technical English translation from the original Swiss German 

therefore there may be some differences in scientific terminology  
The original German version is available on request 


